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Wireless network with a data exchange according to the ARQ method

The invention relates to a wireless network comprising a radio network
controller and a plurality of assigned terminals, which are each provided for exchanging data

and which form a receiving and/or transmitting side.

"3 Generation

Such a wireless network is known from the document
Partnership Project; Technical Specification Group Radio Access Network; Report on Hybrid
ARQ Type I/III (Release 2000), 3G TR 25.835 V0.0.2, TSG-RAN Working Group 2 (Radio
L2 and Radio L3), Sophia Antipolis, France, 21-15 August 2000". For the secured
transmission of data a method is used here which is called the hybrid ARQ-method type II or
I (ARQ = Automatic Repeat Request). The data sent in Packet Data Units (PDU) by the
Radio Link Control layer (RLC layer) are additionally provided for the error correcting
coding with an error control through repetition of transmission. This means that in the case of
an error-affected reception of a packet data unit packed in a transport block coded by one of
the assigned physical layers, the received packet data unit affected by error is sent anew.
With the hybrid ARQ method type I the received packet data unit affected by error is rejected
and an identical copy is requested anew. With the hybrid ARQ methods types II and III the
received packet data unit affected by error is buffered and, after additional incremental
redundancy relating to the received packet data unit, deéoded together with the received
packet data unit affected by error. Since only incremental redundancy and not the whole
error-affected packet data unit is transmitted anew, the amount of data to be transmitted anew
is reduced. With the ARQ method type II the incremental redundancy is useless without the
buffered (error-affected) packet, with the ARQ method type III the incremental redundancy
can be decoded also without the buffered (error-affected) packet. The coded transport blocks
are sent over at least one transport channel. A message about the error-free reception in said
document is sent only when the receiving RLC layer establishes on the basis of the so-called
RLC sequence number that packet data units are lacking, even if the physical layer has
already recognized the packet data unit as being error-affected. This means that the packet

data unit is to be buffered over long time spaces until an incremental redundancy is requested
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and then, after a successfui dec;)cl’ing, the reception may be acknowledged as correct,
especially when the receiving side is the network side, while the physical layer and the RLC
layer are usually located on different hardware components. In addition to the packet data
units contained in the transport blocks, the RLC sequence numbers of the packet data unit
5 and aredundancy version are to be transmitted in synchronism with the coded transport block

when the hybrid ARQ methods of type II or II are implemented. This transmission is
generally effected over a clearly better protected transport channel to safeguard that this
information is error-free already at first reception. The information is decisive if after a
repetition of transmission with incremental redundancy the buffered (error-affected) packet

10 data unit is decoded together with the incremental redundancy, because the incremental

redundancy is to be assigned to the respective packet data unit via the redundancy version.

It is an object of the invention to provide a wireless network in which error-
affected data repeatedly to be transmitted according to the ARQ method of the type II or I1I
are buffered for a shorter period of time on average.

The object is achieved by the following features by the wireless network
mentioned in the opening paragraph which comprises a radio network controller and a
plurality of assigned terminals which are each provided for exchanging data and which form

each a receiving and/or transmitting side:

A physical layer of a transmitting side is provided for

- storing coded transport blocks in a memory, which blocks contain at least a

packet data unit which is delivered by the assigned rad19 link control layer and can be

identified by a packet data unit sequence number, ]

25 - storing abbreviated sequence numbers whose length depends on the maximum
number of coded transport blocks to be stored and which can be shown unambiguously in a
packet data unit sequence number, and for
- transmitting coded transport blocks having at least the assigned abbreviated
sequence number and

30 a physical layer of a receiving side is provided for testing the correct reception

of the coded transport block and for sending a positive acknowledge command to the

transmitting side over a back channel when there is correct reception and a negative

acknowledge command when there is error-affected reception.
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The Wirelesé net‘wc;rk according to the invention may be, for example, a radio
network according to the UMTS standard (UMTS = Universal Mobile Telecommunication
System). With this system, when, for example, data are transmitted according to the ARQ
method of type II or II1, the transmission of an acknowledge command over a back channel
unknown thus far between a physical layer of a transmitting side (for example, a radio
network controller) and the physical layer of a receiving side (for example, a terminal)
provides that a correct or error-affected transmission of a transport block is announced to the
transmitting side much more rapidly than known until now. As a result, a repetition of
transmission with incremental redundancy may be effected rapidly. This enables the
receiving side to buffer the received coded transport block affected by error clearly more
briefly, because the additional redundancy necessary for the correct decoding is available at
an earlier instant. In this manner, the memory capacity or memory area needed on average for
buffering received coded transport blocks affected by error is also reduced.

The use of abbreviated sequence numbers reduces the extent of information
that is required to be additionally transmitted for managing the transport blocks and packet
data units and simplifies the assignment of the received acknowledge command to the stored
transport blocks. The physical layer of a receiving side is provided here for sending a positive
or negative acknowledge command with the abbreviated sequence number of the correctly or
received transport block affected by error over the return channel.

In lieu of transmitting the abbreviated sequence number, an abbreviated
sequence number of a transport block which a received acknowledge command relates to can
also implicitly be determined based on the length of time between the transmission of the
transport block and the reception of the acknowledge command and on the transmission
sequence of the acknowledge command in case of a ph;rality of received acknowledge
commands. This is made possible in a simple manner in that a transmission of the transport
blocks is provided in radio frames and in that the transmission of an acknowledge command
from the transmitting side to the receiving side is provided in the F™ radio frame at the
earliest after the radio frame that contains the respective transport block (with F>1). The
order of a plurality of acknowledge commands corresponds to the order of the transmission
of transport blocks in a preceding radio frame.

If the physical layer of a transmitting side has received a negative
acknowledge command, the physical layer once again requests the radio link control layer to

transmit the packet data unit that has been transmitted affected by error via the coded
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transport block. After a packet data unit has been received, the physical layer forms
therefrom a coded transport block which contains an incremental redundancy.

The invention also relates to a radio network controller and a terminal in a
wireless network which exchange data according to the hybrid ARQ method.
5 These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

In the drawings:
10 Fig. 1 shows a wireless network comprising a radio network controller and a
plurality of terminals,
Fig. 2 shows a layer model for explaining different functions of a terminal or
of a radio network controller and

Fig. 3 shows a plurality of radio frames which contain data to be transmitted

over the radio path between radio network controller and terminals.

Fig. 1 shows a wireless network, for example, radio network, including a radio

network controller (RNC) 1 and a plurality of terminals 2 to 9. The radio network controller 1

is responsible for controlling all the components taking part in the radio traffic such as, for
example, the terminals 2 to 9. An exchange of control and useful data takes place at least
between the radio network controller 1 and the terminals 2 to 9. The radio network controller
1 sets up a respective link for the transmission of usefulydata.
As arule, the terminals 2 to 9 are mobﬂg stations and the radio network
25  controller 1 is fixedly installed. A radio network controller 1 may, however, also be movable
or mobile, as appropriate.

In the wireless network are transmitted, for example, radio signals in
accordance with the FDMA, TDMA or CDMA method (FDMA = frequency division
multiple access, TDMA = time division multiple access, CDMA = code division multiple

30  access), or in accordance with a combination of the methods.

In the CDMA method, which is a special code-spreading method, binary
information (a data signal) coming from a user is modulated with a respective code sequence.
Such a code sequence includes a pseudo-random square-wave signal (pseudo-noise code),

whose rate, also called chip rate, is generally considerably higher than that of the binary data.
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The length of time of a square-wave pulse of the pseudo-random square-wave signal is
referred to as a chip interval T¢. 1/T¢ is the chip rate. The multiplication or modulation
respectively, of the data signal by the pseudo-random square-wave signal has a spreading of
the spectrum by the spreading factor N¢ = T/T¢ as a result, where T is the length of time of
5  the square-wave pulse of the data signal.
Useful data and control data are transmitted between at least one terminal (2 to
9) and the radio network controller 1 over channels predefined by the radio network
controller 1. A channel is determined by a frequency range, a time range and, for example, in
the CDMA method, by a spreading code. The radio link from the radio network controller 1
10 to the terminals 2 to 9 is referred to as the downlink and from the terminals to the base station
as the uplink. Thus data are sent over downlink channels from the base station to the
terminals and over uplink channels from the terminals to the base station.

For example, a downlink control channel may be provided which is used for
broadcasting, prior to a connection setup, control data coming from the radio network
controller 1 to all the terminals 2 to 9. Such a channel is referred to as downlink broadcast
control channel. For transmitting control data from a terminal 2 to 9 to the radio network
controller 1 prior to a connection setup, for example, an uplink control channel assigned by
the radio network controller 1 can be used which, however, may also be accessed by other

terminals 2 to 9. An uplink channel that can be used by various terminals or all the terminals

2 to 9 is referred to as a common uplink channel. After a connection setup, for example,
between a terminal 2 to 9 and the radio network controller 1, useful data are transmitted by a
downlink and an uplink user channel. Channels that are set up between only one transmitter
and one receiver are referred to as dedicated channels. A’s a rule, a user channel is a dedicated
channel which may be accompanied by a dedicated con‘;rol channel for transmitting link-

25  specific control data.

For exchanging useful data between the radio network controller 1 and a
terminal, it is necessary for a terminal 2 to 9 to be synchronized with the radio network
controller 1. For example, it is known from the GSM system (GSM = Global System for
Mobile communication), in which a combination of FDMA and TDMA methods is used, that

30  after a suitable frequency range is determined based on predefined parameters, the position in
time of a frame is determined (frame synchronization), with the aid of which frame the order
in time for transmitting data is determined. Such a frame is always necessary for the data

synchronization of terminals and base station in TDMA, FDMA and CDMA methods. Such a
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frame may contain several sub-frames, or together with various other successive frames, form
a superframe.

The exchange of control and useful data via the radio interface between the
radio network controller 1 and the terminals 2 to 9 can be explained with the- layer model or
protocol architecture shown by way of example in Fig. 2 (compare for example 3rd
Generation Partnership Project (3GPP); Technical Specification Group (TSG) RAN;
Working Group 2 (WG2); Radio Interface Protocol Architecture; TS 25.301 V3.2.0 (1999-
10)). The layer model comprises three protocol layers: the physical layer PHY, the data link
layer having the sub-layers MAC and RLC (in Fig. 2 various objects of the sub-layer RLC
are shown) and the layer RRC. The sub-layer MAC is equipped for Medium Access Control,
the sub-layer RLC for Radio Link Control and the layer RRC for Radio Resource Control.
The layer RRC is responsible for the signaling between the terminals 2 to 9 and the radio
network controller 1. The sub-layer RLC is used for controlling a radio link between a
terminal 2 to 9 and a radio network controller 1. The layer RRC controls the layers MAC and
PHY via control links 10 and 11. By doing this, the layer RRC can control the configuration
of the layers MAC and PHY. The physical layer PHY offers transport links 12 to the layer
MAC. The layer MAC renders logic connections 13 available to the layer RLC. The layer
RLC can be reached by applications via access points 4.

In such a network a method of securely transmitting data is used, which is
called the hybrid ARQ (ARQ = Automatic Repeat Request) method. The data sent in packet
data units PDU are additionally provided for a forward error correction by means of an error
control via repetitions of transmissions. This means that in case a packet data unit is received
affected by error, the received packet data unit affected by error is sent anew. With the hybrid
ARQ methods of type II or III it is possible to send onl; certain parts of the data of an error-
affected transmission once again. This is referred to as incremental redundancy.

The packet data units are formed in the RLC layer and packed to transport
blocks in the MAC layer, which transport blocks are transmitted by the physical layer from
the radio network controller to a terminal or vice versa over the available transport channels.
In the physical layer the transport blocks are provided with a cyclic redundancy check (CRC)
and coded together. The result of this operation is referred to as a coded transport block. The
coded transport blocks contain a packet data unit and control information.

Coded transport blocks affected by error that were transmitted are buffered in
the physical layer of the receiving side for the conversion according to the hybrid ARQ

method of type II or III until the incremental redundancy required afterwards makes an error-
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free decoding possible. It is known that at least the RLC sequence number or packet data unit
sequence number, which features a packet data unit, and a redundancy version is to be
transmitted, in parallel with the coded transport block or the incremental redundancy required
afterwards, as so-called side information (compare: "3 Generation Partnership Project;
5  Technical Specification Group Radio Access Network; Report on Hybrid ARQ Type I/III
(Release 2000), 3G TR 25.835 V0.0.2, TSG-RAN Working Group 2 (Radio L2 and Radio
L3), Sophia Antipolis, France, 21-15 August 2000"), so that the receiving side can detect
which coded transport block is concerned or which buffered coded transport block the
additionally transmitted redundancy refers to when a coded transport block affected by error
10 or additional incremental redundancy affected by error is received. The redundancy version
indicates whether it is a first-time sent incremental redundancy or which next incremental
redundancy possibly repeated several times is concerned.
According to the invention, an abbreviated sequence number in lieu of the
RLC sequence number is used for the transmission of the side information over the radio

interface, the length of which abbreviated sequence number is clearly shorter than the RLC

sequence number. This abbreviated sequence number is determined by the number of M

: coded transport blocks which, on the receiving side, can at most be buffered simultaneously,
and consists of | 1d M 1bits. ( 1d M | means the logarithm to the base of 2 rounded to the
next higher natural number).

For this purpose, the transmitting physical layer generates an abbreviated
sequence number from the RLC sequence number locally received as side information from
the RLC layer. The physical layer contains another table or a memory which stores the
abbreviated sequence number and the RLC sequence number, so that an image of the RLC
sequence number follows the abbreviated sequence nur;lber. If the physical layer receives
25  from the RLC layer a transport block containing side information, but all the abbreviated

sequence numbers have already been issued, this transport block cannot be transmitted and

the RLC layer is to be informed of this queue situation. In another case the physical layer

selects a non-issued abbreviated sequence number, writes the relation to the RLC sequence

number in the table and codes the transport block and sends it as a coded transport block with
30 the side information via the radio interface. For an incremental redundancy to be sent
afterwards, which relates to this coded transport block, again this abbreviated sequence
number is taken from the table and sent in the side information in parallel with the

incremental redundancy.
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To inform the transmitting side (transmitting terminal or radio network
controller) of the fact that a transport block has not been transmitted error-free, according to
the invention a fast back channel is provided which is inserted directly between the receiving
physical layer and the sending physical layer and not between the RLC layers concerned. The

5  back channel is built up if a terminal and the radio network controller have agreed that data
are transmitted according to the hybrid ARQ method of type II or IIl. The receiving physical
layer checks whether the coded transport block has been transmitted correctly. If it has, a
positive acknowledge signal ACK is sent to the sending physical layer over the back channel.
Conversely, if the coded transport block has not been received error-free, a negative
10 acknowledge command NACK is sent to the sending physical layer.

The positive and negative acknowledge commands ACK and NACK may each
contain the abbreviated sequence number of the correctly or erroneously received coded
transport block. The sending side can also identify the transmitted transport block affected by
error on account of the number of a radio frame, which contains the positive or negative
acknowledge command. The acknowledge commands in a radio frame of the back channel
relate to coded transport blocks which were transmitted in transmission time intervals TTI
which ended in a radio frame that preceded by exactly F radio frames (with F>1) the radio
frame containing the acknowledge commands. Fig. 3 shows this. A transport time interval

TTI indicates the time which a transport block lasts and corresponds at least to the length of

time of one radio frame RF which determines the time necessary for the transport blocks to
be sent over the radio link or radio interface. The numbers of the radio frames are generally
broadcast to the mobile stations via a broadcast channel. In Fig. 3 are shown various transport
blocks TBO to TB4 which are to be transmitted for the length of time of two radio frames RF.
The transport block TBO in this example is not transmi::ted according to the hybrid ARQ
25  method of type II or III, whereas the other transport blocks are to be transmitted indeed
according to the hybrid ARQ methods of type II or III. The announcement about a correct or
error-affected transmission thus only occurs for the transport blocks TB1 to TB4 via a
positive or negative acknowledge command over the physical back channel.
The transmission time interval TTI of the transport blocks TB1 and TB4 is
30  equal to the length of time of a single radio frame RF and the transmission time interval TTI
of the transport blocks TB0, TB2 and TB3 is equal to two radio frames RF. A first part of the
transport blocks TB2, TB3 and TB0 and transport block TB1 are used for transmitting coded
transport blocks during a first radio frame RF and a second part of the transport blocks TB2,
TB3 and TBO and transport block TB4 during a second subsequent radio frame RF over the
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physical channel PHC. It is assumed that the transport blocks TB1, TB2 and TB4 have been

received correctly and the transport block TB3 from a terminal or from the network
controller. The correct or error-affected reception is checked in a radio frame RF which
comes after the ended Transmission Time Interval (TTI) and is announced to the sending side
5  (F=2) in the next radio frame RF via the back channel BC. Fig. 3 shows in the third radio
frame RF the positive acknowledge command ACK for the transport block TB1 and in the
fourth radio frame RF the positive acknowledge command ACK for the transport blocks TB4
and TB2 and the negative acknowledge command NACK for the transport block TB3. No
acknowledge command is sent for the transport block TBO, because this command is not
10 transmitted according to an ARQ method of type II or III. The acknowledge commands are
sorted in the sequence in which the transport blocks have been sent. The acknowledge
command can, however, also be sent during a later radio frame RF. The number F of radio
frames RF which occur between the reception of a transport block (i.e. after the transmission
time interval has ended) or a number of transport blocks (i.e. after their transmission time
intervals have ended, ending all at the same frame boundary) and the sending of an

acknowledge command should be selected so that the receiving side has enough time to

: decode all co-transmitted transport blocks and check them for errors.
The transmission of the transport blocks TBO to TB4 is accompanied with data

called side information, which contain at least information about the redundancy version and

about the abbreviated sequence number of a transport block. This side information is referred

to as SI in Fig. 3.

If a sending side receives a negative acknowledge command NACK,
additional incremental redundancy is prompted to be sent. The physical layer that has
received the negative acknowledge command (NACK)";for one or more received coded

25  transport blocks affected by errors, determines the RLC sequence number of the packet data
unit which the negative acknowledge commands relate to and announces to the associated
RLC Iayér the RLC sequence numbers of the error-affected packet data units. At the same
time, the receiving physical layer stores the RLC sequence numbers of the packet data units
that have been announced to be error-affected. The RLC layer then sends each one of these

30  packet data units again, as in the case where the opposite RLC layer requests to send a packet
data unit again (hybrid ARQ method type I). The MAC layer generates a transport block
from the packet data unit, which transport block is then transferred with the side information
to the physical layer. The physical layer compares the RLC sequence number contained in

the side information with the buffered sequence number and recognizes that this transport
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block is to be sent as a repetition of transmission. The physical layer generates a coded
transport block which contains the necessary incremental redundancy and no longer the
whole coded packet data unit — as defined by the hybrid ARQ method type II or IIL

If the physical layer has received a positive acknowledge command ACK, it
5  deletes the stored RLC sequence number. Via this RLC sequence number the physical layer
can also acknowledge the correct reception of the packet data unit to the associated RLC
layer, which RLC layer then deletes the packet data unit that has this RLC sequence number
from its buffer. This is particularly possible in the case of the downlink direction, when
physical layer and RLC layer are not accommodated on separate hardware components in the
10  receiving mobile station. On the other hand, it may be more favorable for the sending RL.C
layer to wait for the acknowledgement of receipt from the RLC layer on the receiving side,
because it is still possible for transmission errors to occur when the transport block is
transferred from the receiving physical layer to the receiving RLC layer (more particularly in
the uplink direction, because here the receiving physical layer and the receiving RLC layer

are accommodated on different hardware components).
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CLAIMS:

1. A wireless network comprising a radio network controller and a plurality of
assigned terminals, which are each provided for exchanging data according to the hybrid
ARQ method and which form a receiving and/or transmitting side, in which a physical layer
of a transmitting side is arranged for
5 - storing coded transport blocks in a memory, which blocks contain at least a
packet data unit which is delivered by the assigned radio link control layer and can be
identified by a packet data unit sequence number,
- storing abbreviated sequence numbers whose length depends on the maximum
number of coded transport blocks to be stored and which can be shown unambiguously in a
packet data unit sequence number, and for
- transmitting coded transport blocks having at least the assigned abbreviated
sequence number and
a physical layer of a receiving side is provided for testing the correct reception

of the coded transport block and for sending a positive acknowledge command to the

transmitting side over a back channel when there is correct reception and a negative

acknowledge command when there is error-affected reception.

2. A wireless network as claimed in claim 1, characterized in that the radio
network controller and the assigned terminals are provided for exchanging data according to
20  the hybrid ARQ method of type II or III.

3. A wireless network as claimed in claim 1, characterized in that the physical

layer of a receiving side is provided for sending a positive or negative acknowledge

command with the abbreviated sequence number of the transport block received correctly or
25  affected by error.

4, A wireless network as claimed in claim 1, characterized in that the physical
layer of a sending side, after the reception of a positive or negative acknowledge command,

is provided for determining the abbreviated sequence number of the respective coded

Page 13 of 187



PHDEO000173

12 14.09.2001
transport block transmitted correctly or affected by error based on the length of time between
transmission of the transport block and reception of the acknowledge command and the
sending sequence of the acknowledge command when there is a plurality of received

acknowledge commands.

W

5. A wireless network as claimed in claim 3, characterized in that a transmission
of the coded transport blocks is provided in radio frames and in that the transmission of an
acknowledge command from the sending side to the receiving side is provided in a
subsequent radio frame after the radio frame in which the transmission of the respective

10 coded transport block ends.

6. A wireless network as claimed in claim 4, characterized in that the order of a
plurality of acknowledge commands corresponds to the order of the transmission of last parts
of transport blocks in a previous radio frame.

7. A wireless network as claimed in claim 1, characterized in that the physical
layer of a sending side, upon reception of a positive acknowledge command, is provided for
deleting the assigned transport block and the abbreviated sequence number and for

announcing the correct reception to the radio link control layer.

8. A wireless network as claimed in claim 1, characterized in that the physical
layer of a sending side, upon reception of a negative acknowledge command, is provided for
requesting the radio link control layer to transmit a paclfet data unit that has been transmitted
affected by error via the coded transport block and in tﬁat the physical layer, upon reception
25  of a packet data unit repeatedly sent by the radio link control layer is provided for forming a

coded transport block which contains an incremental redundancy.

9. A radio network controller in a wireless network comprising a plurality of

terminals, which radio network controller is provided for exchanging data with the terminals
30 and which forms a receiving and/or transmitting side, in which a physical layer of the radio

network controller is arranged as a transmitting side for

- storing coded transport blocks in a memory, which blocks contain at least a

packet data unit which is delivered by the assigned radio link control layer and can be

identified by a packet data unit sequence number,
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- storing abbreviated sequence numbers whose length depends on the maximum
number of coded transport blocks to be stored and which can be shown unambiguously in a
packet data unit sequence number, and for
- transmitting coded transport blocks having at least the assigned abbreviated
5  sequence number and
a physical layer of the radio network controller is arranged as a receiving side
for testing the correct reception of a coded transport block from a terminal and for sending a

positive acknowledge command to a terminal over a back channel when there is correct

reception and a negative acknowledge command when there is error-affected reception.

10

10. A terminal in a wireless network comprising further terminals and a radio

network controller, which terminal is provided for exchanging data with the terminals and

which forms a receiving and/or transmitting side, in which a physical layer of the terminal is

arranged as a transmitting side for

- storing coded transport blocks in a memory, which blocks contain at least a
-packet data unit which is delivered by the assigned radio link control layer and can be

identified by a packet data unit sequence number,

- storing abbreviated sequence numbers whose length depends on the maximum

number of coded transport blocks to be stored and which can be shown unambiguously in a

packet data unit sequence number, and for

- transmitting coded transport blocks to the radio network controller having at
least the assigned abbreviated sequence number and

A physical layer of the terminal is arranged as a receiving side for testing the
correct reception of a coded transport block from the railio network controller and for sending
25  apositive acknowledge command to the radio network controller over a back channel when
there is correct reception and a negative acknowledge command when there is error-affected

reception.
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ABSTRACT:

The invention relates to a wireless network comprising a radio network
controller and a plurality of assigned terminals, which are provided for exchanging data
according to the hybrid ARQ method of type II or III and each form a receiving and/or
transmitting side. A physical layer of a transmitting side is arranged for

5 - storing coded transport blocks in a memory, which blocks contain at least a
packet data unit delivered by the assigned radio link control layer and can be identified by a
packet data unit sequence number,
- storing abbreviated sequence numbers whose length depends on the maximum
number of coded transport blocks to be stored and which can be shown unambiguously
shown in a packet data unit sequence number, and for
- transmitting coded transport blocks having at least the assigned abbreviated
sequence numbers.

a physical layer of a receiving side is provided for testing the correct reception
of the coded transport block and for sending a positive acknowledge command to the

transmitting side over a back channel when there is correct reception and a negative

acknowledge command when there is error-affected reception.

Fig. 3
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ZUSAMMENFASSUNG : /

Drahtloses Netzwerk mit einem Datenaustausch nach der ARQ-Methode

, Die Erfindung bezieht sich auf ein drahtloses Netzwerk mit einer Funknetzwerk-Steuerung

und mehreren zugeordneten Terminals, die jeweils zum Austausch von Daten nach der

hybriden ARQ-Methode vom Typ II oder I1I vorgesehen sind und die jeweils eine

Empfangs- und/oder Sendeseite bilden. Eine physikalische Schicht einer Sendeseite ist
zur Speicherung von codierten Transportblécken in einem Speicher, die wenigstens
eine von der zugeordneten Funkverbindungssteuerungs-Schicht gelieferten Paket-

' einheit enthalten und die durch eine Paketeinheits-Folgenummer identifizierbar ist,
zur Speicherung von Kurz-Folgenummern, deren Linge von der maximalen Anzahl
von zu speichernden codierten Transportblocken abhingt und die eindeutig auf eine
Paketeinheits-Folgenummer abbildbar sind, und '
zur Ubertragung von codierten Transportbldcken wenigstens mit der zugeordneten
Kurz-Folgenummer vorgesehen. A

Eine physikalische Schicht einer Empfangsseite ist zur Priifung des korrekten 'Enipfa’hgs des
t codierten Transportblocks und zur Sendung eines positiven Bestitigungsbefehls bei
korrektem Empfang und zur Sendung eines negativen Bestitigungsbefehls zur Sendeseite

bei fehlerbehafteten Empfang iiber einen Riickkanal vorgesehen.

Fig. 3
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BESCHREIBUNG
Drahtloses Netzwerk mit einem Datenaustausch nach der ARQ-Methode

Die Erfindung bezieht sich auf ein drahtloses Netzwerk mit einer Funknetzwerk-Steuerung
und mehreren zugeordneten Terminals, die jeweils zum Austausch von Daten nach der
hybriden ARQ-Methode vorgesehen sind und die jeweils eine Empfangs- und/oder Sende-

seite bilden.

Ein solches drahtloses Netzwerk ist aus dem Dokument ,3" Generation Partnership
Project; Technical Specification Group Radio Access Network; Report on Hybrid ARQ
Type 1I/1I (Release 2000), 3G TR 25.835 V0.0.2, TSG-RAN Working Group 2 (Radio

+ L2 and Radio L3), Sophia Antipolis, France, 21-15 August 2000“ bekannt. Hier wird zur

gesicherten Ubertragung von Daten eine Methode verwendet, die hybride ARQ-Methode
Typ II oder I1I (ARQ = Automatic Repeat Request/ automatische Wiederholungsriick-
frage) -genannt wird. Die in Paketeinheiten (PDU = Packet Data Unit) von der Funkver-
bindungssteuerungs-Schicht (RLC-Schicht) gesendeten Daten sindzusiitilich zur fehler-
korrigierenden Codierung mit einer Fehlerkontrolle durch Ubertragungswiederholung ver-
sehen. Das bedeutet, dass bei fehlerhaftem Empfang einer in einer von der zugeordneten
physikalischen Schicht codierten Transportblock verpackten Paketeinheit ein erneutes
Versenden der fehlerhaft empfangenen Paketeinheit erfolgt. Bei der hybriden ARQ-
Methode Typ I wird die fehlerhaft empfahgcne Paketeinheit verworfen und eine identische
Kopie erneut angefordert. Bei den hybriden ARQ-Methoden Typ II und III wird die
fehlerhaft empfangene Paketeinheit zwischengespeichert und nach dem Empfang
zusitzlicher auf die empfangene Paketeinheit bezogener inkrementeller Redundanz -
zusammen mit der fehlerhaft empfangenen Paketeinheit decodiert. Weil nur inkrementelle
Redundanz und nicht die gesamte fehlerhafte Paketeinheit erneut iibertragen wird, ver-
ringert sich die Datenmenge, die fiir Ubertagungswiederholungen anfillt. Bei der ARQ-
Methode Typ II ist die inkrementelle Redundanz ohne das zwischengespeicherte (fehler-
hafte) Paket nutzlos, bei ARQ-Methode Typ I1I, ist die inkrementelle Redundanz auch
ohne das zwischengespeicherte (fehlerhafte) Paket decodierbar. Die codierten Transport-

blocke werden iiber wenigstens einen Transportkanal gesendet. Eine Meldung iiber den
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fehlerfreien Empfang erfolgt in oben genanntén Dokument erst dann, wenn die
empfangende RLC-Schicht an Hand von sogenannten RLC-Folgenummern feststellt, dass
ihm Paketeinheiten fehlen, selbst wenn die physikalische Schicht die Paketeinheit schon als
fehlerhaft erkannt hat. Das bedeutet, dass eine Paketeinheit iiber lange. Zeitriume

- zwischengespeichert werden muss, bis eine inkrementelle Redundanz angefordert wird und

dann nach erfolgreicher Decodierung der Empfang als korrekt bestitigt werden kann,
insbesondere dann wenn die empfangende Seite die Netzseite ist, die physikalische Schicht
und die RLC-Schicht in der Regel auf unterschiedlichen Hardwarekomponenten ange-
siedelt sind. Zusitzlich zu den in den Transportblécken enthaltenen Paketeinheiten miissen
fiir die Anwendung der hybriden ARQ-Methoden vom Typ Il oder I1I synchron mit dem
codierten Transportblock die RLC-Folgenummer der Paketeinheit und eine Redundanz-
version iibertragen werden. Dies geschieht in der Regel iiber einen deutlich besser
geschiitzten Transportkanal, um sicherzustellen, dass diese Information schon beim ersten ’
Empfang fehlerfrei ist. Sie ist ehtschcidt;nd, wenn nach einer Ubertragungswiederholung
mit inkrementeller Redundanz die zwischengespeicherte (fehlerhafte) Paketeinheit
zusammen mit der inkrementellen Redundanz decodiert werden soll, da die inkrementelle
Redundanz iiber die Redundanzversion der jeweiligen Paketeinheit zugeordnet werden

muss.

Der Erfindung liegt die Aufgabe zugrunde, ein drahtloses Netzwerk zu schaffen, bei dem
fehlerbehaftete nach der ARQ-Methode vom Typ II oder 111 wiederholt zu iibertragende

Daten im Mirtel geringere Zeit zwischengespeichert werden.

Die Aufgabe wird durch das eingangs genannte drahtlose Netzwerk, das eine Funknetz-
werk-Steuerung und mehrere zugeordnete Terminals enthilt, die jeweils zum Austausch

von Daten nach der hybriden ARQ-Methode vom Typ II oder III vorgesehen sind und die

.jewcils eine Empfangs- und/oder Sendeseite bilden, durch folgende Merkmale gelsst:

Eine physikalische Schicht einer Sendeseite ist
zur Speicherung von codierten Transportblocken in einem Speicher, die wenigstens
eine von der zugeordneten Funkverbindungssteuerungs-Schicht gelieferten Paket-
einheit enthalten und die durch eine Paketeinheits-Folgenummer identifizierbar ist,

zur Speicherung von Kurz-Folgenummern, deren Linge von der maximalen Anzahl
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von zu speichemdtl:n codierten Transportblécken abhingt und die eindeutig auf eine
Paketeinheits-Folgenummer abbildbar sind, und
zur Ubertragung von codierten Transportblscken wenigstens mit der zugeordneten
Kurz-Folgenummer und
eine physikalische Schicht einer Empfangsseite ist zur Priifung des korrekten Empfangs des
codierten Transportblocks und zur Sendung eines positiven Bestitigungsbefehls bei
korrektem Empfang und zur Sendung eines negativen Bestitigungsbefehls zur Sendeseite

bei fehlerbehafteten Empfang iiber einen Riickkanal vorgesehen.

Das erfindungsgemie drahtlose Netzwerk kann beispielsweise ein Funknetzwerk nach '

dem UMTS-Standard (UMTS = Universal Mobile Telecommunicatidn System) sein.
Hierbei wird durch die Ubertragung eines Bestitigungsbefehls iiber einen bisher nicht
bekannten Riickkanal direkt zwischen einer physikalischen Schicht einer Sendeseite (z.B.
Funknetzwerk-Steuerung) und der physikalischen Schicht einer Empfangsseite (z.B.
Terminal) bei der Ubertragung von Daten nach der ARQ-Methode vom Typ 11 oder II1
eine korrekte oder fehlerbehaftete Ubertragung eines Transportblocks schneller der Sende-
seite mitgeteilt als bisher bekannt ist. Dadurch kann eine Ubertragungswiederholung mit
inkrementeller Redundanz schnell erfolgen. Das erlaubt der Embfangsseitc, den fehlerhaft
empfangenen codierten Transportblock deutlich kiirzer zwischenzuspeichern, da die fiir die
korrekte Decodierung erforderliche zusitzliche Redundanz friiher vorliegt. Somit reduziert
sich auch der im Mittel erforderliche Speicherbedarf bzw. Speicherbereich zur Zwischen-

speicherung von fehlerhaft empfangenen codierten Transportblocken.

Die Verwendung der Kurz-Folgenummern reduziert die Grofle der zur Verwaltung der
Transpbrtblécke und Paketeinheiten erforderlichen zusitzlich zu iibertragenden Infor-
mation und vereinfacht die Zuordnung eines empfangenen Bestitigungsbefehls zu den
gespeicherten Transportblscken. Hierbei ist die ph)"sikalische Schicht einer Empfa.ngssaite
zur Sendung eines positiven oder negativen Bestitigungsbefehls mit der Kurz-Folge-
nummer des korrekt oder fehlerhaft empfangenen Transportblocks iiber den Riickkanal

vorgesehen.

Anstelle der Ubertragung der Kurz-Folgenummer kann eine Kurz-Folgenummer eines
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Transportblocks, auf den sich ein empfangener Bestitigungsbefehl bezieht, auch implizit

anhand der Zeitdauer zwischen Ubertragung des Transportblocks und Empfang des
Bestitigungsbefehls und der Sendereihenfolge des Bestitigungsbefehls bei mehreren
empfangenen Bestitigungsbefehlen ermittelt werden. Dies wird auf cinfache Weise
dadurch erméglicht, dass eine Ubertragung der Transportblscke in Funkrahmen vorge-
sehen ist und dass die Ubertragung eines Bestitigungsbefehls von der Sendeseite zur

Empfangsseite friihestens im F-ten Funkrahmen nach dem Funkrahmen vorgesehen ist,

der den entsprechenden Transportblock enthilt (mit F>1). Dabei entspricht die Reihen-

folge mehrerer Bestitigungsbefehle der Reihenfolge der Ubert_mgung von Transport-

blécken in einem vorhergehenden Funkrahmen entspricht.

Wenn die physikalische Schicht einer Sendeseite einen negativen Bestitigungsbefehl

erhalten hat, fordert die physikalische Schicht bei der Funkverbindungssteuerungs-Schicht
diejenige Paketeinheit noch einmal an, die iiber den codierten Transportblock fehlerbe-

haftet iibertragen worden ist. Nach Empfang einer Paketeinheit bildet die physikalische =

Schicht daraus einen codierten Transportblock, der eine inkrementelle Redundanz enthilt.

Die Erfindung bezieht sich auch auf eine Funknetzwerk—Steuemng und ein Terminal in

einem drahtlosen Netzwerk, die jeweils Daten nach der hybriden ARQ-Methode aus-

tauschen.

Ausfiihrungsbeispiele der Erfindung werden nachstehend anhand der Fig. niher erliutert.

Es zeigen:
Fig. 1
Fig. 2

Fig. 3

ein drahtloses Netzwerk mit einer Funknetzwerk-Steuerung und mehreren
Terminals,

ein Schichtenmodell zur Erlduterung verschiedener Funktionen eines
Terminals oder einer Funknetzwerk-Steuerung und

mehrere Funkrahmen, in denen iiber den Funkweg zu iibertragende Daten

zwischen Funknetzwerk-Steuerung und Terminals enthalten sind.
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In Fig. 1 ist ein drahtloses Netzwerk, z.B. Funknetzwerk, mit einer Funknetzwerk-Steue-
rung (Radio Network Controller = RNC) 1 und mehreren Terminals 2 bis 9 dargestellt.
Die Funknetzwerk-Steuerung 1 ist fiir Steu'erung aller am Funkverkehr beteiligten Kompo-
nenten verantwortlich, wie z.B. der Terminals 2 bis 9. Ein Steuer- und Nutzdatenaus-
tausch findet zumindest zwischen der Funknetzwerk-Steuerung 1 und den Terminals 2 bis
9 statt. Die Funknetzwerk-Steuerung 1 baut jeweils eine Verbindung zur Ubertragung von
Nutzdaten auf.

In der Regel sind die Terminals 2 bis 9 Mobilstationen und die Funknetzwerk-Steuerung 1
ist fest installiert. Eine Funknetzwerk-Steuerung 1 kann gegebenenfalls aber auch beweg-

lich bzw. mobil sein.

In dem drahtlosen Netzwerk werden beispielsweise Funksignale nach dem FDMA-,
TDMA- oder CDMA-Verfahren (FDMA = frequency division multiplex access, TDMA =

time division multiplex access, CDMA = code division multiplex access) oder nach einer

Kombination der Verfahren iibertragen.

Beim CDMA-Verfahren, das ein spezielles Code-Spreiz-Verfahren (code spreading) ist,
wird eine von einem Anwender stammende Binirinformation (Datensignal) mit jeweils
einer unterschiedlichen Codesequenz moduliert. Eine solche Codesequenz besteht aus
einem pseudo-zufilligen Rechtecksigna.l (pseudo noise code), dessen Rate, auch Chiprate
genannt, fn der Regel wesentlich hoher als die der Binirinformation ist. Die Dauer eines
Rechteckimpulses des pseudo-zufilligen Rechtecksignals wird als Chipintervall T be-
zeichnet. 1/T ist die Chiprate. Die Multiplikation bzw. Modulation des Datensignals mit
dem p;eudo—zufdﬂigen Rechtecksignal hat eine Spreizung des Spektrums um den Sprei-
zungsfaktor N = T/T¢ zur Folge, wobei T die Dauer eines Rechteckimpulses des Daten-

signals ist.

Nurzdaten und Steuerdaten zwischen wenigstens einem Terminal (2 bis 9) und der Funk—
netzwerk-Steuerung 1 werden iiber von der Funlmetz'werk-Steuemng 1 vorgegebene

Kanile iibertragen. Ein Kanal ist durch einen Frequenzbereich, einen Zeitbereich und z.B.
beim CDMA-Verfahren durch einen Spreizungscode bestimmt. Die Funkverbindung von
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der Funknetzwerk-Steuerung 1 zu den Terminals 2 bis 9 wird als Downlink und von den
Terminals zur Basisstation als Uplink bezeichnet. Somit werden iiber Downlink-Kanile
Daten von der Basisstation zu den Terminals und iiber Uplink-Kanile Daten von Termi-

nals zur Basisstation gesendet.

Beispielsweise kann ein Downlink-Steuerkanal vorgesehen sein, der benurzt wird, um von
der Funknetzwerk-Steuerung 1 Steuerdaten vor einem Verbindungsaufbau an alle Ter-
minals 2 bis 9 zu verteilen. Ein solcher Kanal wird als Downlink-Verteil-Steuerkanal
(broadcast control channel) bezeichnet. Zur Ubertragung von Steuerdaten vor einem
Verbindungsaufbau von einem Terminal 2 bis 9 zur Funknetzwerk-Steuerung 1 kann
beispielsweise ein von der Funknetzwerk-Steuerung 1 zugewiesener Uplink-Steuerkanal
verwendet werden, auf den aber auch andere Terminals 2 bis 9 zugreifen kénnen. Ein
Uplink-Kanal, der von mehreren oder allen Terminals 2 bis 9 benutzt werden kann, wird
als gemeinsamer Uplink-Kanal (common uplink channel) bezeichnet. Nach einem Ver-
bindungsaufbau z.B. zwischen einem Terminal 2 bis 9 und der Funknetzwerk-Steuerung 1
werden Nutzdaten iiber einen Downlink- und ein Uplink-Nutzkanal iibertragen. ‘Kanile,
die nur zwischen einem Sender und einem Empfinger aufgebaut werden, werden als dedi-
zierte Kanile bezeichnet. In der Regel ist ein Nutzkanal ein dedizierter Kanal, der von

.einem dedizierten Steuerkanal zur Ubertragung von verbindungsspezifischen Steuerdaten

begleitet werden kann.

‘Damit Nutzdaten zwischen der Funknetzwerk-Steuerung 1 und einem Terminal ausge-

tauschr werden kénnen, ist es erforderlich, dass ein Terminal 2 bis 9 mit der Funknetz-
werk-Steuerung 1 synchronisiert wird. Beispielsweise ist aus dem GSM-System (GSM =
Global‘_System for Mobile communication) bekannt, in welchem eine Kombination aus
FDMA- und TDMA-Verfahren benutzt wird, dass nach der Bestimmung eines geeigneten
Frequenzbereichs anhand vorgegebener Parameter die zeitliche Position eines Rahmens
bestimmt wird (Rahmensynchronisation), mit dessen Hilfe die zeitliche Abfolge zur Uber-
tragung von Daten erfolgt. Ein solcher Rahmen ist immer fiir die Datensynchronisation
von Terminals und Basisstation bei TDMA-, FDMA- und CDMA-Verfahren notwcmiig.
Ein solcher Rahmen kann verschiedene Unter- oder Subrahmen enthalten oder mit

mehreren anderen aufeinanderfolgenden Rahmen einen Superrahmen bilden.
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Der Steuer- und Nutzdatenaustausch iiber die Funkschnittstelle zwischen der Funknetz-
werk-Steuerung 1 und den Terminals 2 bis 9 kann mit dem in Fig. 2 dargestellten, bei-
spielhaften Schichtenmodell oder Protokollarchitektur (vgl. z.B. 3* Generation Partnership
Project (3GPP); Technical Specification Group (TSG) RAN; Working Group 2 (WG2);
Radio Interface Protocol Architecture; TS 25.301 V3.2.0 (1999-10)) erliutert werden. Das
Schichtenmodell besteht aus drei Protokollschichten: der physikalischen Schicht PHY, der
Datenverbindungsschicht mit den Unterschichten MAC und RLC (in Fig. 2 sind ﬁehrere
Auspréigungenvder Unterschicht RLC dargestellr) und der Schicht RRC. Die Unterschicht
MAC ist fiir die Medienzugriffssteuerung (Medium Access Control), die Unterschicht
RLC fiir die Funkverbindungssteuerung (Radio Link Control) und die Schicht RRC fiir
die Funkverwaltungssteuerung (Radio Resource Control) zustindig. Die Schicht RRC ist
fiir die Signalisierung zwischen den Terminals 2 bis 9 und der Funknetzwerk-Steuerung 1
verantwortlich. Die Unterschicht RLC dient zur Steuerung einer Funkverbindung

zwischen einem Terminal 2 bis 9 und der Funknetzwerk-Steuerung 1. Die Schicht RRC

steuert die Schichten MAC und PHY iiber Steuerungsverbindungen 10 und 11. Hiermit™ ™~

kann die Schicht RRC die Konfiguration der Schichten MAC und PHY steuern. Die
physikalische Schicht PHY bietet der MAC-Schicht Transportkanile bzw. Transportver-
bindungen 12 an. Die MAC-Schicht stellt der RLC-Schicht logische Verbindungen 13 zur’
Verfiigung. Die RLC-Schicht ist iiber Zugangspunkte 14 von Applikationen erreichbar.

In einem solchen Netzwerk wird eine Methode zur sicheren Ubertragung von Daten
verwendet, die hybride ARQ-Methode (ARQ = Automatic Repeat Request/ automatische
Wiederholungsriickfrage) genannt wird. Die in Paketeinheiten (PDU = Packet Data Unir)
gesendeten Daten sind zusitzlich zur fehlerkorrigierenden Codierung (Forward Error
Correc;ion) mit einer Fehlerkontrolle durch Ubertragungswiederholungen versehen. Das
bedeutet, dass bei einem fehlerhaften Empfang einer Paketeinheit ein erneutes Versenden
der fehlerhaft empfangenen Paketeinheit erfolgt. Bei den hybriden ARQ-Methoden vom
Typ II oder III ist es méglich, dass nur bestimmte Teile der Daten bei einer fehlerhaften
Ubertragung wiederholt gesendet werden. Dies wird auch als inkrementelle Redundanz

(Incremental Redundancy) bezeichnet.

Die Paketeinheiten werden in der RLC-Schicht gebildet und in der MAC-Schicht in
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Transportblocke verpackt, die iiber die von der physikalischen Schicht zur Verfiigung
gestellten Transportkanile von der Funknetzwerk-Steuerung zu einem Terminal oder
umgekehrt iibertragen werden. In der physikalischen Schicht werden die Transportblocke
mit einer zyklische Redundanzpriifungsbitfolge (CRC = Cyclic Redundancy Check)
versehen und beides zusammen codiert. Das Ergebnis dieser Operation wird als codierter
Transportblock bezeichnet. Die codierten Transportblécke enthalten eine Paketeinheit und

Steuerinformationen.

Codierte Transportblécke, die fehlerhaft iibertragen wurden, werden zur Umsetzung der
hybriden ARQ-Methode vom Typ II oder I1I in der physikalischen Schicht dcr Empfangs-
seite so lange zwischengespeichert, bis die nachtriglich angeforderte inkrementelle
Redundanz eine fehlerfreie Decodierung erméglicht. Bekannt ist, dass dazu als sogenannte
Seiteninformation (side information) (vgl. ,3* Generation Partnership Project; Technical
Specification Group Radio Access Network; Report on Hybrid ARQ Type I/1II (Release
2000), 3G TR 25.835 V0.0.2, TSG-RAN Working Group 2 (Radio L2 and Radio L3),
Sophia Antipolis, France, 21-15 August 2000%) wenigsteﬁs die RLC-Folgenummer oder
Paketeinheits-Folgenummer, welche eine Paketeinheit kennzeichnet, und eine Redundanz- ‘
version parallel zum codierten Transportblock bzw. der nachtriglich angeforderten inkre-
mentellen Redundanz libertragen werden muss, damit die Empfangsseite bei Empfang
eines fehlerhaften codierten Transportblockes bzw. zusitzlicher inkrementeller Redundanz
erkennen kann, um welchen codierten Transportblock es sich handelt bzw. auf welchen
zwischengespeicherten codierten Transportblock sich die zusitzlich iibertragene Redun-
danz bezieht. Die liedundanzversiqn gibt an, ob es sich um eine erstmals gesendete
inkrementelle Redundanz oder um welche nachfolgend unter Umstinden mehrfach
wiederholte inkrementelle Redundanz es sich handelt.

Erfindungsgemif wird bei der Ubertragung der Seiteninformation iiber die Funkschnitt-
stelle anstelle der RLC-Folgenummer eine Kurz-Folgenummer verwendet, deren Linge
deutlich kleiner als die RLC-Folgenummer ist. Diese Kurz -Folgenummer ist bestimmt
durch die Anzahl M von codierten Transportblécken, die empfangsseitig maximal
gleichzeitig zwischengespeichert werden kénnen, und besteht aus [1d M 1Bits. ( 1dM |

" bedeutet den auf die nichst gréflere natiirliche Zahl aufgerundeten Logarithmus dualis)
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Dazu erzeugt die sendende physikalische Schicht aus der von der RLC-Schicht als Seiten-
information lokal empfangenen RLC-Folgenummer eine Kurz-Folgenummer. Die physi-
kalische Schicht enthilt noch eine Tabelle oder einen Speicher, welche die Kurz-Folge-
nummer und die RLC-Folgenummer so speichert, dass eine Abbildung der RLC-Folge-
nummer auf die Kurz-Folgenummer erfolgt. Empfingt die physikalische Schicht von der
RLC-Schicht einen Transportblock mit Seiteninformation, aber alle Kurz-Folgenummern
sind schon vergeben, so kann dieser Transportblock nicht iibertragen werden, und die

RLC-Schicht muss iiber diese Stausituation informiert werden. Im anderen Fall withlt die

_physikalische Schicht eine nicht vergebene Kurz-Folgenummer aus, trigt den Zusammen-

hang zur RLC-Folgenummer in die Tabelle ein, und codiert den Transportblock und

sendet ihn als codierten Transportblock mit der Seiteninformation iiber die Funkschnitt-

stelle. Fiir eine nachtriglich zu sendende inkrementelle Redundanz, die sich auf diesen

codierten Transportblock bezieht, wird wiederum diese Kurz-Folgenummer aus der
Tabelle entnommen und in der Seiteninformation parallel mit der inkrementellen
Redundanz versendet.

Um der Sendeseite (sendendes Terminal oder Funknetzwerk-Steuerung) mitiuteilen, dass
ein Transportblock nicht fehlerfrei iibertragen worden ist, ist erfindungsgemif ein
schneller Riickkanal (Back Channel) vorgesehen, der direke zwischen der empfangenden
physikalischen Schicht und der sendenden physikalischen Schicht aufgebaut wird und
nicht zwischen den beteiligten RLC-Schichten. Der Riickkanal wird jeweils dann aufge-
baut, wenn zwischen einem Terminal und der Funknetzwerk-Steuerung vereinbart worden
ist, Daten nach der hybriden ARQ-Methode vom Typ II oder III zu iibertragen. Die
empfangende physikalische Schicht priift, ob der codierte Transportblock korrekt iiber- .
tragen worden ist. Ist dies der Fall wird iiber den Riickkanal zur sendenden physikalischen
Schicht ein positiver Bestitigungsbefeh] ACK (Acl:no‘wledge) gesender. Im umgekehrten
Fall, wenn der codierte Transportblock nicht fehlerfrei empfangen worden ist, wird ein
negativer Bestitigungsbefehl NACK (Negative Acknowledge) zur sendenden physi-
kalischen Schicht geliefert.

Der positive und negative Bestitigungsbefehl ACK und NACK kénnen jeweils die Kurz-

Folgenummer des korrekt oder fehlerhaft empfangenen codierten Transportblocks
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enthalten. Die sendende Seite kann auch anhand der Nummer eines Funkrahmens,
welcher den positiven oder negativen Bestitigungsbefehl enthilt, den fehlerhaft iiber-
tragénen Transportblock identifizieren. Dabei beziehen sich die Bestitigungsbefehle in
einem Funkrahmen des Riickkanals, auf codierte Transportblécke, die in Ubertragungs-
zeitintervallen (TTI = Transmission Time Interval) iibertragen Wurden, die in einem
Funkrahmen zu Ende gingen, der genau F Funkrahmen (mit F21) vor dem die Bestiti-
gungsbefehle enthaltenden Funkrahmen lag. Aus der Fig. 3 lisst sich das entnehmen. Ein
Transportzeitintervall TTI gibt die Zeitdauer eines Transportblocks an und entspricht
mindestens der Dauer eines Funkrahmens RF, der den zeitlichen Verlauf der Ubertragung
der Transportblscke iiber den Funkweg bzw. Funkschnittstelle bestimmt. Die Nummern
der Funkrahmen wird in der Regel iiber einen Verteilkanal (Broadcast channel) den Mobil-
stationen mitgeteilt. In Fig. 3 sind verschiedene Transportblscke TBOIBis TB4 da:gestellt,
die wihrend der Dauer von zwei Funkrahmen RF iibertragen werden sollen. Der Tran-
sportblock TBO wird in diesem Beispiel nicht nach der hybriden ARQ-Methode vom Typ
I oder III iibertragen, wihrend die anderen Transportblécke nach den HYbridén ARQ-
Methoden vom Typ II oder II1 iibertragen werden sollen. Die Mitteilung iiber eine
korrekte oder fehlerbehaftete Ubertragung erfolgt also nur fiir die Transportblécke TB1 bis
TB4 mit Hilfe eines positiven oder negativen Bestitigungsbefehls iiber den physikalischen
Riickkanal. '

Das Ubertragungszeitintervall TTI der Transportblocke TB1 und TB4 ist gleich der Dauef
eines einzigen Funkrahmens RF und das der Transportblécke TBO, TB2 und TB3 jeweils
zwei Funkrahmen RF. Ein erster Teil der Transportblécke TB2, TB3 und TBO und der
Transgortblock TB1 werden wihrend eines ersten Funkrahmens RF und der zweite Teil
der Transportblicke TB2, TB3 und TBO und der Transportblock TB4 wihrend eines -

" zweiten, darauffolgenden Funkrahmens RF iiber den physikalischen Kanal PHC zur Uber-

tragung der codierten Transportblécke verwendet. Es sei vorausgesetzt, dass die Transport-
blécke TB1, TB2 und TB4 korrekt und der Transportblock TB3 fehlerbehaftet von einem
Terminal oder der Funknetzwerk-Steuerung empfangen worden sind. Der korrekte oder
fehlerbehaftete Empfang wird in dem Funkrahmen RF gepriift, der auf das beendete Uber-
tragungszeitintervall (TTI) folgt, und im nichsten Funkrahmen RF iiber den Riickkanal
BC der sendenden Seite mitgeteilt (F=2). Die Fig. 3 zeigt im dritten Funkrahmen RF den
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positiven Bestitigungsbefehl ACK fiir den Transportblock TB1 und im vierten Funk-
rahmen RF den positiven Bestitigungsbefehl ACK fiir die Transportblécke TB4 und TB2
und-den negativen Bestitigungsbefehl NACK fiir den Transportblock TB3. Fiir den
Transportblock TBO wird kein Bestitigungsbefehl gesender, da dieser nicht nach einer
ARQ-Methode vom Typ II oder III iibertragen worden ist. Die Bestitigungsbefehle sind
dabei entsprechend der Reihenfolge sortiert, in der die Transportblécke gesendet worden
sind. Der Bestitigungsbefehl kann aber auch wihrend eines spiteren Funkrahmens RF
gesendet werden. Die Anzahl F der Funkrahmen RF, die zwischen dem Empfang eines
Transportblocks (d.h. nach Ablauf des Ubertragungszeitintervalls) oder einer Anzahl von
Transportl;lbckcn (d-h. nach Ablauf ihrer Ubertragungszeitintervalle, die alle an derselben
Rahmengrenze enden) und der Sendung eines Bestitigungsbefehls liegen, sollte dabei so
gewahlt werden, dass die Empfangsseite geniigend Zeit hat alle mitgesendeten Transport-

blécke zu decodieren und auf Fehlerfreiheit zu untersuchen.

Die Ubertragung der Transportblscke TBO bis TB4-wird von als Seiteninformationen
(Side Information) genannten Daten begleitet, die wenigstens Auskunft iiber die Redun-
danzversion und iiber die Kurz-Folgenummer eines Transportsblocks enthilt. Diese Seiten-

information ist in Fig. 3 mit SI bezeichnet.

Falls eine sendende Seite einen negativen Bestitigungsbefehl NACK erhilt, wird das Ver-
senden von zusitzlicher inkrementeller Redundanz veranlasst. Die physikalische Schicht,

die den negativen Bestitigungsbefehl (NACK) fiir eine oder mehrere fehlerhaft empfan-

gene codierte Transportblcke empfangen hat, ermittelt die RLC-Folgenummer der Paket-

einheit, auf die sich die negativen Bestitigungsbefehle beziehen und teilt der zugehijrigen

RLC-Schicht die RLC-Folgenummern der fehlerhaften Paketeinheiten mit. Gleichzeitig

speichert die empfangende physikalische Schicht die RLC-Folgenummern der als fehlerhaft

gemeldeten Paketeinheiten. Die RLC-Schicht sendet dann — wie in dem Fall, bei dem sie
von der gegeniiberliegenden RLC-Schicht zur erneuten Sendung einer Paketeinheit aufge-
fordert wird (hybride ARQ-Methode Typ I) -Ajede dieser Paketeinheiten erneut ab. Die
MAC-Schicht erzeugt aus der Pakereinheit, einen Tra:nsportblock, der dann mit der
Seiteninformation an die physikalische Schicht weitergegeben wird. Die physikalische

Schicht vergleicht die in der Seiteninformation enthaltene RLC-Folgenummer mit der
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zwischengespeicherten, und erkennt, dass dieser Transportblock als Ubertragungswieder-
holung gesendet werden muss. Die physikalische Schicht erzeugt einen codierten
Transportblock, der - nach Maf8gabe der hybriden ARQ-Methode Typ Il oder I1I - die
erforderliche inkrementelle Redundanz enthilt und nicht mehr die gesamte codierte
Paketeinheit.

Falls die physikalische Schicht einen positiven Bestitigungsbefehl ACK erhalten hat, 16scht
sie die gespeicherte RLC-Folgenummer. Die physikalische Schicht kann mittels dieser
RLC-Folgenummer ebenfalls der zugehsrigen RLC-Schicht den korrekten Empfang der
Paketeinheit bestitigen, die dann die Paketeinheit mit dieser RLC-Folgenummer aus ihrem
Puffer 16scht. Dies ist insbesondere im Falle der Downlink-Richtung méglich, wenn physi-
kalische Schicht und RLC-Schicht auf der empfangenen Mobilstation nicht auf getrennten
Hardware-Komponenten angesiedelt sind.. Dagegen kann es giinstiger sein, dass die
sendende RLC-Schicht die Empfangsmeldung von der RLC-Schicht der Empfangsseite
abwartet, da-immer noch chnragungsfchlcr bei der Weiterleitung von der empfangenden
physikalischen Schicht zur empfangenen RLC-Schicht méglich sind (insbesondere in
Uplink-Richtung, da hier die empfangende physikalische Schicht und die empfangende

RLC-Schicht auf verschiedenen Hardware-Komponenten untergebracht sind).
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PATENTANSPRUCHE

1. Drahtloses Netzwerk mit einer Funknetzwerk-Steuerung und mehreren zugeordneten

_Terminals, die jeweils zum Austausch von Daten nach der hybriden ARQ-Methode vom

Typ II oder II1 vorgesehen sind und die jeweils eine Empfangs- und/oder Sendeseite
bilden, wobei
eine physikalische Schicht einer Sendeseite
zur Speicherung von codierten Transportblocken in einem Speicher, die wenigstens
eine von der zugeordneten Funkverbindungssteuerungs-Schicht gelieferten Paket-
einheit enthalten und die durch eine Paketeinheits-Folgenummer identifizierbar ist,
zur Speicherung von Kurz-Folgenummern, deren Linge von der maximalen Anzahl
von zu speichernden codierten Transportblécken abhingt und die eindeutig auf eine -
Paketeinheits-Folgenummer abbildbar sind, und
zur Ubertragung von codierten Transportblécken wenigstens mit der zugeordneten
Kurz-Folgenummer vorgesehen ist und
eine physikalische Schicht einer Empfangsseite zur Priifung des korrekten Empfangs des
codierten Transportblocks und zur Sendung eines positiven Bestitigungsbefehls bei
korrektem Empfang und zur Sendung eines negativen Bestitigungsbefehls zur Sendeseite

bei fehlerbehafteten Empfang iiber einen Riickkanal vorgesehen ist.

2. Drahtloses Netzwerk nach Anspruch 1,
dadurch gekennzeichnet,

dass die physikalische Schicht einer Empfangsseite zur Sendung eines positiven oder
negativen Bestitigungsbefehls mit der Kurz-Folgenummer des korrekt oder fehlerhaft

empfangenen Transportblocks iiber den Riickkanal vorgesehen ist.
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3. Drahtloses Netzwerk nach Anspruch 1,

dadurch gekennzeichnet, ‘

dass.d.ic; physikalische Schicht einer Sendeseite nach Empfang eines positiven oder
negativen Bestitigungsbefehls zur Ermittlung der Kurz-Folgenummer des entsprechenden
korrekt oder fehlerhaft iibertragenen codierten Transportblocks anhand der Zeitdauer
zwiscéhen Ubertragung des Transportblocks und Empfang des Bestitigungsbefehls und der
Sendereihenfolge des Bestitigungsbefehls bei mehreren empfanéenen Bestitigungsbefehlen

vorgesehen ist.

4. Drahtloses Netzwerk nach Anspruch 3,
dadurch gekennzeichnet,

dass eine Ubertragung der codierten Transportblécke in Funkrahmen vorgesehen ist und
dass die Ubertragung eines Bestitigungsbefehls von der Sendeseite zur Empfangsseite in
einem nachfolgenden Funkrahmen nach dem Funkrahmen vorgesehen ist, in dem die

Ubertragung des entsprechenden codierten Transportblocks endet.

5. Drahtloses Netzwerk nach Anspruch 4,
dadurch gekennzeichnet, ‘
dass die Reihenfolge mehrerer Bestitigungsbefehle der Reihenfolge der Ubertragung von

letzten Teilen von Transportblécken in einem vorhergehenden Funkrahmen entspricht.

6. Drahtloses Netzwerk nach Anspruch 1,
dadurch gekennzeichnet, '

dass die physikalische Schicht einer Sendeseite nach Empfang eines positiven Bestiifigungs-—
befehls zur Loschung des zugeordneten Transportblocks und der Kurz-Folgenummer und
zur Meldung iiber den korrekten Empfang an die Funkverbir_xdungssteuerungs~Scliicht

vorgesehen ist.
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7. Drahtloses Netzwerk nach Anspruch 1,

dadurch gekennzeichnet,

dass die physikalische Schicht einer Sendeseite nach Empfang eines negativen Bestitigungs-
befehls zur Sendeaufforderung einer Pakéteinheit, die iiber den codierten Transportblock
fehlerbehaftet iibertragen worden ist, von der Funkverbindungssteuerungs-Schicht
vorgesehen ist und ‘

dass die phyéﬂ(;lischc Schicht nach Empfang einer wiederholt von der Funkverbindungs-
steuerungs-Schicht gesendeten Paketeinheit zur Bildung eines codierten Transportblocks

vorgesehen ist, der eine inkrementelle Redundanz enthilt.

8. Funknetzwerk-Steuerung in einem drahtlosen, mehrere. Terminals enthaltenden
Netzwerk, die zum Austausch von Daten nach der hybriden ARQ-Methode vom Typ 11

oder III mit den Terminals vorgesehen ist und die eine Empfangs- und/oder Sendeseite

.. bildet, wobei

eine physikalische Schicht der Funknetzwerk-Steuerung als Sendeseite
zur Speicherung von codierten Transportblécken in einem Speicher, die wenigstens
eine von der zugeordneten Funkverbindungssteuerungs-Schicht gelieferten Paket-
einheit enthalten und die durch eine Péketeinheits-Folgenumme; identifizierbar ist,
zur Speicherung von Kurz-Folgenummern, deren Linge von der maximalen Anzah!
von zu speichernden codierten Transportblécken abhingt und die eindeutig auf eine.
Paketeinheits-Folgenummer abbildbar sind, und
zur Ubertragung von codierten Transportblocken zu einem Terminal wenigstens mit
der zugeordneten Kuri-Folgenummer vorgesehen ist und
eine physikalische Schicht der Funknetzwerk-Steuerung als Empfangsseite zur Priifung des
korrekten Empfangs eines codierten Transportblocks von einem Terminal und zur
Sendung eines positiven Bestitigungsbefehls bei korrektem Empfang und zur Sendung
eines negativen Bestitigungsbefehls zu einem Terminal bei fehlerbehafteten Empfang iiber

einen Riickkanal vorgesehen ist.
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9. Terminal in einem drahtlosen, weitere Terminals und eine Funknewzwerk-Steuerung
enthaltenden Netzwerk, das zum Austausch von Daten nach der hybriden ARQ-Methode
vomﬁ Typ II oder III mit den Terminals vorgesehen sind und das eine Empfangs- und/oder
Sendeseite bildet, wobei
eine physikalische Schicht des Terminals als Sendeseite
zur Speicherung von codierten Transportbldcken in einem Speicher, die wenigstens
eine von der zugeordneten Funkverbindungssteuerungs-Schicht gelieferten Paket-
einheit enthalten und die durch eine Paketeinheits-Folgehummer identifizierbar is.t,
zur Speicherung von Kurz-Folgenummern, deren Linge von der maximalen Anzahl
von zu speichernden codierten Transportblécken abhingt und die eindeutig auf eine
Paketeinheits-Folgenummer abbildbar sind, und ‘
zur Ubertragung von codierten Transportblscken zu der Funknetzwerk-Steuerung
wenigstehs mit der zugeordneten Kurz-Folgenummer vorgesehen ist und
eine physikalische Schicht des Terminals als Empfangsseite zur Priifung des korrekten
Empfangs eines codierten Transportblocks von der Funknetzwerk-Steuerung und zur
Sendung eines positiven Bestitigungsbefehls bei korrektem Empfang und zur Sendung

eines negativen Bestitigungsbefehls zu der Funknetzwerk-Steuerung bei fehlerbehafteten

| Empfang iiber einen Riickkanal vorgcsehén ist, -
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COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WASHINGTON, D.C. 20231

www.uspto.gov
| APPLICATION NUMBER 18 FILING/RECEIPT DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NUMBER |
09/973,312 10/09/2001 Christoph Herrmann DE 000173

CONFIRMATION NO. 8200
FORMALITIES LETTER

Philips Blectronics North America Corporation 00T

580 White Plains Road *0C000000007052349"
Tarrytown, NY 10591

Date Mailed: 11/09/2001

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

¢ The oath or declaration is unsigned.

¢ To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(l) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

e The balance due by applicant is $ 130.

/ A copy of this notice MUST be returned with the reply.

/

/

CustomeTr Service Center
Initigl'Paterit Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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Lol & IN THE UNITED STATES FATENT AND TRADEMARK OFFICE
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\

\\4nv”3&§'re Application of Atty. Docket

"~~-=--CHRISTOPH HERRMANN DE 000173

Serial No. 09/973,312 Group Art Unit: 2681
Filed: OCTOBER 9, 2001 Examiner

Title: WIRELESS NETWORK WITH A DATA EXCHANGE ACCORDING TO THE ARQ
METHOD

Commissioner for Patents
Washington, D.C. 20231
ATTENTION: APPLICATION DIVISION
' RESPONSE TO NOTICE TO FILE MISSING
PARTS OF APPLICATION

Sir:

In response to the NOTICE TO FILE MISSING PARTS OF
APPLICATION mailed on November 9, 2061, enclosed is a Declaration,
properly signed by the Applicant and referring to the above case by
its Serial Number and filing dgte, in compliance with 37 CFR 1.63,
and a copy of the Notice. Accordingly, the above-identified patent
application is now complete.

Please charge Deposit Account No. 14-1270 in the
amount of $130.00 for the surcharge for filing the Declaration on a
date later than the filing date of the application, as set forth in
37 CFR 1.16(e). |

Respectfully submitted,

o (b lhped

Jack . Slobod Reg. 26,236
Attorney
(914) 333-9606

CERTIFICATE OF MAILING
I hereby certify that this coriespondence is being deposited this date
with the United States Postz] Service as first-class mail in an envelope addressed to:
COMMISSIONER FOR PATENTS
Washington, D.C. 20231

On ()ﬂ/)bé(ﬁnjz_ y 200 [
M}ﬂmg Date)

(Slgnaturc)S \FORMS\DEa.éT DOC é ;
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UNITED STATES PATENT AND TRADEMARK OFFIGE

COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WAsSHINGTON, D.C. 20221

WWW.LSEI0.gOv
[ appLicaTioNNUMBER | FLINGRECEPTDATE __ |  FIRSTNAMEDAPPLICANT | ATTORNEY DOCKET NUMBER ]
09/973,312 10/09/2001 ,\/p £ Christoph Herrmann DE 000173
4 0\
O 2 CONFIRMATION NO. 8200
| N 2 520 FORMALITIES LETTER
Philips Electronics North America Corporation
P Elctoncs o N T
Tarrytown, NY 10591 A v
N L Date Mailed: 11/09/2001
LN D S I

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is unsigned.

¢ To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(!) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

o The balance due by applicant is $ 130.

A copy of this notice MUST be returned with the reply.
%

Ve

Customg.x'x’ﬁ’érvice Center
Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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DECLARATION and POWER OF ATTORNEY

SRR .
Sh“ 1 9 NQ’L g! " s
S . Lo 3 ATTORNEY'S DOCKET NO.:
& 22 PHDE(00173

Qo5 2 he.lﬁw named inventor, | hereby declare that:  wea.cs ...
y-festdence, post office address and citizenship are as stated below next to my name.
| believe | am the original, first and sole inventor (if only one name is listed below) or an original, first joint inventor (if plural
names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled
“"Wireless network with a data exchange according to the ARQ method"
the specification of which (check one)
8 is attached hereto.
was filedon 9 October 2001 and was amended on
(if applicable).
I hereby state that | have reviewed and understand the contents of the above-identified specification, including the claims, as
amended by the amendment(s) referred to above.
| acknowledge the duty to disclose information which is material to patentability of this application in accordance with Title 37,
Code of Federal Regulations, §1.56(a).
| hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s) for patent or
inventor’s certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing
date before that of the application on which priority is claimed:
PRIOR FOREIGN APPLICATION(S)

as Application Serial No.09/973,312

COUNTRY APP. NUMBER DATE OF FILING PRIORITY CLAIMED
(DATE, MONTH, YEAR) UNDER 35U.8.C. 119
Germany 10050117.6 11 October 2000 YES

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below and, insofar as
the subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35 United States Code, §112, t acknowledge the duty to disclose material information as defined in Title 37,
Code of Federal Regulations, §1,56(a) which occurred between the filing date of the prior application and the national or PCT international
filing date of this application:

PRIOR UNITED STATES APPLICATION(S) - o
APPLICATION SERIAL NUMBER FILING DATE

STATUS (PATENTED, PENDING,
ABANDONED)

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon

POWER OF ATTORNEY: As a named inventor, | hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and
transact all business in the Patent and Trademark Office connected therewith. (list name and registration number)

Jack E. Haken, Reg. No. 26,902
Michae! E. Marion, Reg. No. 32,266
Edward M. Blocker, Reg. No. 30,245

SEND CORRESPONDENCE TO: Corporate Patent Counsel; DIRECT TELEPHONE CALLS TO:
U.S. Philips Corporation; 580 White Plains Road; (name and telephone No.)
Tarrytown, NY 10591 (914) 332-0222
/
Dated: Inventor's Signature:
5 November 2001 ( "
- U\) (-’\ (’C——A /‘/‘-(({( I
Full Name of Last Name First Name Mnddle Name
Inventor HERRMANN Christoph
Residence & City State or Foreign Country Country of Citizenship
Citizenship Aachen Germany Germany
Post Office Address | Street City State or Country Zip Code
Kasernenstrasse 6 D-52064 Aachen Germany
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FORMATION
DISCLOSURE STATEMENT
TRANSMITTAL

To Commissioner For Patents
Enclosed herewith is a Form PTO-1449 and required copies of documents listed
thereon and a concise explanation of their relevance is described below or enclosed
herewith per 37 CFR 1.97.

Application Number 09/973,312

Filing Date October 9, 2001

First Named Inventor | CHRISTOPH HERRMANN
Group Art Unit 2681

Examiner Name

Attorney Docket Number | DE 000173

referenced application;

application;

report is also enclosed;

is append hereto.

months ago.

These documents may be relevant in that they have been:

[[] considered in drafting the specification of the a
[® cited in the specification of the above-referenced

[[] previously submitted or cited in U.S. pafent application(s)
which are relied on for an earlier effective
filing date under 35 U.S.C. 120 (no copy required) ;

Ej cited as an "X" or "Y" document in a foreign Patent Office search
report on a foreign counter part application, a copy of which

[ ] I hereby certify that these documents were first cited in any
communication with a foreign Patent Office for a counterpart
foreign application not more than three (3) months ago;

[ ] otherwise a concise explanation of the relevance of each document

[j I hereby certify that not one of these documents was _cited in
any communication with a foreign Patent Office nor was any known

to any individual designated in §1.56(c) more than three (3)

RE
CE/V
T 05 b
O0gy C‘e/;/e, 2 500|

.....

or

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQURIED

Name (Print Type) Jack D. SIObOd

Registration No.26,236

Date January 8, 2002

CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this is being deposited with the U.S. Postal Service with sufficient postage as first class mail in an envelope addressed to: Commissioner For Patents,

SASL\DE000173priorart. MAQ.doc

Washington, DC 20231, or facsimile transmitted to the U.S. Patent and Trademark Office tef# . on the date below:
Name (Print Type) Natale A. Manzo
Signature (/ﬂ WQ‘J Q, ‘7}7 Date 1/8/02
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COMMERCE
(REV. 7-80)

Sheet 1 of

=

U.S. DEPARTMENT OF Atty. Docket No.

PATENT AND TRADEMARK OFFICE DE 000173

Serial No. 09

/973,312

Applicant
CHRISTOPH HERRMANN

Piling Date Group 2681
INFORMATION DISCLOSURE CITATION October 3. 2001
(Use several sheets if necessary)
U.S. PATENT DOCUMENTS
Ex. Document Date Name Class Sub- Filing Date
Int. Number class | If Approp.
AA ™\
AB lﬁ?
AC ‘]b‘"f:’ﬁa' J 2 0[)2
AD /09} Cene,
: g
AF
FOREIGN PATENT DOCUMENTS
Document Date Country Class | Sub- | Trams.
Number class ven | wo
AG
AH
AX
AJ
AK

OTHER (Including Author, Title, Date, Pertinent Pages, Etc.)

BY SOPHIA ANTIPOLIS, 3 GENERATION PARTNERSHIP PROJECT; ENTITLED: TECHNICAL

Draw line through citation if not in conformance and not considered. Include a copy

this form with next communication to applicant.

AL SPECIFICATION GROUP RADIO ACCESS NETWORK; REPORT ON HYBRID ARQ TYPE II/III
(RELEASE 2000), 3G TR 25.835 V0.0.2, TSG-RAN WORKING GROUP 2 (RADIO L2 AND RADIO
L3, FRANCE, AUGUST 15-21, 2000.
Examiner Date Considered
[*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPER

{

SASL\DE000173discl. MAO.doc
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' INFORMAT'ON | Application Number 09/973,312
: ] DISCLOSURE STATEMENT | Fiting Date October 9, 2001
L B TRANSM ITTAL lﬁst Named Inventor Christoph Herrmann
Group Art Unit 2681
To Cglgo?e'ds" gécr)er::ieﬂr: i's:g %En?\tg{‘éﬁ 449, required copies of documents listed thereon, and a ' Examiner Name
concise explanation of their relevance is described below or enclosed herewith per 37 CFR 1.97. I Attomey Docket Number | DEQOO173

These documents may be relevant in that they have been (check one):

[] considered in drafting the specification of the above referenced application; CE’ VE ] 3
SEP 2 6 2003

| o o Technology Center 2400
[] previously submitted or cited in U.S. patent application(s)
which are relied on for an earlier effective filing date under 35 U.S.C. 120 (no copies required);

[] ¢dited in the specification of the above-referenced application;

K cited as an "X" or "Y" document in a foreign Patent Office search report in a foreign counterpart
application, a ¢copy of which report is also enclosed; or

[] otherwise a concise explanation of the relevance of each document, as understood by the individual
designated in §1.56(c) most knowledgeable about the contents, is append hereto.

if the date of this IDS may be after the date of a final Office Action - per §1.97(¢e) check one:

[] I hereby certify that these documents were first cited in any communication with a foreign Patent
Office for a counterpart foreign application not more than three (3) months ago; or

[] 1 hereby certify that not one of these documents was cited in any communication with a foreign

Patent Office in a counterpart foreign application, nor was any known to any individual designated in
§1.56(c) more than three (3) months ago.

Please charge any required fee under § 1.17(p) or any other required fee (except the issue fee) to
Account No. 14-1270.

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Name (Print Type) J@Qk D. S'OQOd ysi Registration No. (Attorney/Agent) 26 ,236

Signature JCW- /#W ; Date .Q/fcwéct- /)y 2003

CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this is being deposited with the U.S. Postal Service with sufficient postage as first class mail in an envelope addressed to: Commissioner For Patents, Box 1450,
Alexandria, VA 22313-1450, , or facsimile transmitted to the U.S. Patent and Trademark Office tel# : on the date below:

Name (Print Type) Natale A. Manzo

Signature C% W} M %’(D Date 4 /22 2 /O =2

SASLAPHDEYDE0O0173priorart_2.MA0.doc
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U.S. DEPARTMENT OF Atty. Docket No. Serial No. 09/973,312

PATENT AND TRADEMARK OFFICE DE00O0173

Applicant
CHRISTOPH HERRMANN

RECEIVED

2681 SEP 2 6 2003
INFORMATION DISCLOSURE CITATION OCTOBER 9, 2001

{Use several sheets if necessary) Mﬂﬂbgy_CEBLeLPSOO

U.S. PATENT DOCUMENTS

k

Ex. Document Date Name Class Sub- Filing Date
Int. Number class If Approp.

4

&

3

AE

AF

FOREIGN PATENT DOCUMENTS

Document Date Country Class Sub- Trans.
Number class
Yes | No
AG
AH
AT
AJ
AX

OTHER (Including Author, Title, Date, Pertinent Pages, Etc.}
BY BALACHANDRAN K. ET AL: ENTITLED: “"GPRS-136: HIGH-RATE PACKET DATA SERVICE

AL FOR NORTH AMERICAN TDMA DIGITAL CELLULAR SYSTEMS” IEEE PERSONAL COMMUNICATIONS
SOCIETY, US BD. 6, JUNE 3 1999, PAGES 34-47.
BY LOCKITT J.A. ET AL. “A SELECTIVE REPEAT ARQ SYSTEMS” PROCEEDINGS OF THE
AM INTERNATIONAL CONFERENCE ON DIGITAL SATELLITE COMMUNICATIONS. KYOTO, JAPAN,
NOVEMBER 11-13, 1975, PAGES 189-195.
AN
Examiner Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPE
Draw line through citation if not in conformance and not considered. Include a copy
this form with next communication to applicant.

SASLA\PHDE\DEOQOO173discl._2.MAO.doc
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UNITED STATES PATENT AND TRADEMARK QFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 14,

Alexandria, Virginin 22313-1450
WWW.USPIO.goV
| APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO, |
09/973,312 10/09/2001 Christoph Herrmann DE 000173 8200
24737 7590 09/21/2005 | EXAMINER |
PHILIPS INTELLECTUAL PROPERTY & STANDARDS MARCELO, MELVIN C
P.O. BOX 3001
BRIARCLIFF MANOR, NY 10510 : | ART UNIT PAPERNUMBER |

2662

DATE MAILED: 09/21/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO 90C (Rev 10/03)
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Application No. Applicant(s)

09/973,312 HERRMANN, CHRISTOPH
Office Action Summary Examiner Art Unit

Melvin Marcelo 2662

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- NO period for reply is specified above, the maximum statutory period will apply and will expire SiX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 09 October 2001.
2a)[] This action is FINAL. ~ 2b)[X] This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-10 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s) is/are allowed.
6)X Claim(s) 4-8 is/are rejected.
7)X Claim(s) 1-3,9 and 10 is/are objected to.
8)] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
0)X The drawing(s) filed on 09 October 2001 is/are: a)lX] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)0J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
aX Al b)[] Some * ¢)[] None of:
1.X Certified copies of the priority documents have been received.
2.[] cCertified copies of the priority documents have been received in Application No. ____
3.0 cCopies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) IX Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ____.

3) [X Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [J Notice of Informal Patent Appl Application (PTO-1 52)

Paper No(s)/Mail Date

6)[] other: _____

U.S. Patent and Trademark Office
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 20050915
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Application/Control Number: 09/973,312 Page 2
Art Unit: 2662

DETAILED ACTION
Claim Objections

1. Claims 1, 9 and 10 are objected to because of the following informalities:

Claim 1, line 8, “the assigned radio link control layer” should be --an assigned radio link
control layer-- since there is no previous mention of an “assigning.”

Claim 1, line 11, “the assigned abbreviated sequence number” should be --an assigned
abbreviated sequence number-- since there is no previous mention of an “assigning.”

Claim 9, line 8, “the assigned radio link control layer” should be --an assigned radio link
control layer--.

Claim 9, line 11, “the assigned abbreviated sequence nﬁmbel” should be --an assigned
abbreviated sequence number--.

Claim 10, line 6, “the assigned radio link control layer” should be --an assigned radio link
control layer--.

Claim 10, line 12, “the assigned abbreviated sequence number” should be --an assigned
abbreviated sequence number--. |

-Claim 10, line 13, “A physical layer” should be --a physical layer--.
Appropriate correction is required. ,
Claim Rejections - 35 USC §112

2. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

3. Claims 4-8 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite for
failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.
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Application/Control Number: 09/973,312 Page 3
Art Unit: 2662

Claim 4, lines 1-2, it is not clear whether “the physical layer of a sending side” should be
--the physical layer of a transmitting side-- corresponding to claim 1, lines 3-4 or --the physical
layer of a receiving side-- corresponding to claim 1, Iin;as 13-14 since the term “send” is recited
in conjunction with the “receiving side.” Note: there appears to be only two sides to the physical
layer-- the transmitting side and the receiving side--. It is not clear whether “the sending side” is
equivalent to “the transmitting side.”

Claim 5, line 3 recites “the sending side.”

Claim 7, lines 1-2 recites “the physical layer of a sending side.”

Claim 8, lines 1-2 recites “the physical layer of a sending side.”

Allowable Subject Matter
4. Claims 1-3, 9 and 10 are allowed.
5. Claims 4-8 would be allowabie if rewritten or amended to overcome the rejection(s)
under 35 U.S.C. 112, 2nd paragraph, set forth in this Office action.
Conclusion

Any inquiry conceming this communication or earlier communications from the examiner
should be directed to Melvin Marcelo whose telephone number is 571-272-3125. The examiner
can normally be reached on Mon-Fri 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Hassan Kizou can be reached on 571-272-3088. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 09/973,312 Page 4
Art Unit: 2662
Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Atty. Docket
CHRISTOPH HERRMANN DE 000173
Serial No, 09/973,312 Group Art Unit: 2662
Filed: Qctober 9, 2001 Examiner: M. MARCELCQ

Title: WIRELESS NETWORK WITH A DATA EXCHANGE ACCORDING TO THE ARQ
METHOD

Aggistant Commissioner for Patents
Alexandria, VA 22313-1450

AMENDMENT
INTRODUCTORY COMMENTS

In| response to the Office Action dated September 22, 2005,

Applicant submits the following amendments and remarks.
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IN THE CLAIMS

Pleagse amend the Claims 1, 4-5, and 7-10 as follows:

1. (C y Amended) A wireless network comprising a radio network controller and a plurality of
assigned terminals, which are each provided for exchanging data according to the hybnd ARQ
method and which form a receiving and/or transmitting side, in which a physical layer of a

transmitting side is arranged for

- stoting coded transport blocks in a memory, which blocks contain at least a packet
data unit which is delivered by #he-an assigned radio link control layer and can be identified bya
packet datg unit sequence number,

- storing abbreviated sequence numbers whose length depends on the maximum
number of coded transport blocks to be stored and which can be shown unambiguously in a packet
data unit s¢quence number, and for

- transmitting coded transport blocks having at least the-an assigned abbreviated
sequence mumber and

a physical layer of a receiving side is provided for testing the correct reception of the
coded tran$port block and for sending a positive acknowledge command to the transmitting side over
a back chaninel when there is correct reception and & negative acknowledge command when there is

error-affected reception.

2. (Original) A wireless network as claimed in claim 1, characterized in that the radio network
controller and the assigned terminals are provided for exchanging data according to the hybrid ARQ
method of fype Il or 111

3. (Original) A wireless network as claimed in ¢laim 1, characterized in that the physical layer of a
receiving side is provided for sending a positive or negative acknowledge command with the

abbreviated sequence number of the transport block received correctly or affected by error.

N:AUserPubliciWX\Amendments\2006 Amendments\DE000173.qusyle.doc 2
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4. (Currently Amended) A wireless network as claimed in claim 1, characterized in that the physical

layer of onk of a sending side or transmitting side, after the reception of a positive or negative |

the sending sequence of the acknowledge command when there is a plurality of received

acknowledge commands.

5. (Currenjtly Amended) A wireless network as claimed in claim 3, characterized in that a
transmission of the coded transport blocks is provided in radio frames and in that the transmission of
an acknowledge command from either the sending side or the transmitting side to the receiving side

is provided in a subsequent radio frame after the radio frame in which the transmission of the

respective jcoded transport block ends.

6. (Origingl) A wireless network as claimed in claim 4, characterized in that the order of a plurality

of acknow]edge commands corresponds to the order of the transmission of last parts of transport
blocks in 4 previous radio frame.

7. (Currently Amended) A wireless network as claimed in claim 1, characterized in that the physical

layer of onle of a sending side or transmitting side, upon reception of a positive acknowledge

command,) is provided for deleting the assigned transport block and the abbreviated sequence
number and for announcing the correct reception to the radio link contro] layer.

8. (Currently Amended) A wireless network as claimed in claim 1, characterized in that the physical
layer of orle of & a sending side or transmitting side, upon reception of a negative acknowledge
command,| is provided for requesting the radio link control layer to transmit a packet data unit that
has been transmitted affected by error via the coded transport block and in that the physical layer,
upon reception of a packet data unit repeatedly sent by the radio link control layer is provided for
forming a poded transport block which contains an incremental redundancy.

N:AUserPublig\ WX \Amendments\2006 Amendments\DEG00173.quayle.doe 3
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9. (C ly Amended) A radio network controller in a wireless network comprising a plurality of
terminals, which radio network controller is provided for exchanging data with the terminals and
which forms a receiving and/or transmitting side, in which a physical layer of the radio network
controller is arranged as a transmitting side for

- storing coded transport blocks in a memory, which blocks contain at least a packet
data unit which is delivered by the-an assigned radio link control layer and ¢an be identified by a
packet data unit sequence number,

- storing abbreviated sequence numbers whose length depends on the maximum
number of coded transport blocks to be stored and which can be shown unambiguously in a packet
data unit sgquence oumber, and for

- transmitting coded transport blocks having at least the-an assigned abbreviated
sequence rumber and _

a physical layer of the radio network controller is arranged as a receiving side for
testing the correct reception of a coded transport block from a terminal and for sending a positive
acknowledge command to a terminal over a back channel when there is correct reception and a
negative agknowledge command when there is error-affected reception,

10. (Currently Amended) A terminal in a wireless network comprising further terminals and a radio
network cgntroller, which terminal is provided for exchanging data with the terminals and which
forms a reTeiving and/or transmitting side, in which a physical layer of the terminal is arranged as a
transmittigg side for

- storing coded transport blocks in a memory, which blocks contain at least a packet
data unit which is delivered by #ke-an assigned radio link control layer and can be identified by a
packet data unit sequence number,

- storing abbreviated sequence numbers whose length depends on the maximum
number oficoded transport blocks to be stored and which can be shown unambiguously in a packet
data unit sequence number, and for '

- transmitting coded transport blocks to the radio network controller having at least the
an assigneq abbreviated sequence number and

A. physical layer of the terminal is arranged as a receiving side for testing the correct

reception 9f a coded transport block from the radio network controller and for sending a positive

N:AUserPubligWxAmendments\2006 Amendments\DE000173.quayle.doc 4
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acknowledpe command to the radio network controller over a back channel when there is correct

reception ahd a negative acknowledge command when there is error-affected reception,

N:AUserPublic)WX \Amendments\2006 Amendments\DEC00173.quaylc.doc 5
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REMARKS

This application has been carefully reviewed in light of the
Office Action dated September 21, 2005. Claims 1-10 remain pending
in this{application. Claims 1, 9, and 10 are the independent
claims,

Applicant notes with appreciation the indication that Claims
1-3, 9 and 10 are allowed. Applicant further notes with
apprecintion the indication that Claims 4-8 would be allowable if
rewritten in independent form to overcome the rejectiohs under 35
U.8.C. § 112 pecond paragraph. Applicant hag so amended Claims 4-
8, rendbring any objections and § 112, second paragraph objections
moot, apd respectfully believes all claims in condition for
allowance at this time.

In| view of the foregoing remarks, Applicant respectfully
requestp favorable reconsideration and early passage to issue of
the présent application. Applicant’s undersigned attorney may be

reached by telephone at the number given below.

Rej?f:;igiig,eﬁﬁﬁitt ..
By

Aaron-Waxler
Reg. 48,027
(914) 333-9608
January 23, 2006
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FROM:
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EXAMINER: Marcelo Melvin
EXAMINER'S TELEPHONE NUMBER: (571) 272-3125
ART UNIT: 2662

SERIAL NO.: 09/973,312

Aaron Waxler

REGISTRATION NUMBER: 48,027

PHILIPS ELECTRONICS NORTH AMERICA CORPORATION

I certify that these documents consisting of 8 pages (including this cover sheet, a petition for an
(1) month’s time, and an amendment) is being transmitted via facsimile to the
nt and Trademark Office at the telephone number set forth above on January 23,

extension of One
United States Pate
2006.

345 SCARBOROUGH ROAD
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BRIARCLIFF MANOR, NEW YORK 10510
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Atty. Docket CEN'?R?I?EI\')YE&TER
CHRISTOPH HERRMANN DE 000173 JAN 2.3 2006
Serial Wo. 09/973,312 Group Art Unit: 2662

Filed: October 9, 2001 Examiner:; M. MARCELO

Title: WIRELESS NETWORK WITH A DATA EXCHANGE ACCORDING TO THE ARQ
METHOD

Commissioner for Patents
Washington, D,C. 20231

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a)

Sir:
Applicants hereby petition for an extension of (1) ONE month

to respond to the Office Action mailed on September 21, 2005;
because| of this extension the time period for responée will expire
on Janupary 21, 2006. January 21, 2006 falls on a Saturday when the
USPTO ik not open, therefore a response filed on January 23, 2006 . qb]
will be conaideréd timely as per 37 CFR § 1.7. Filed herewith is a
complete response to said Office Action.

Plepase charge Deposit Account No. 14-1270 in the amount of
$120.00|, the fee for this extension; and charge any additional fees
except for the Issue Fee, and credit any overpayment, to Deposit
Account| No. 14-1270.

01/25/2006 EFLORES 00000115 141270 09973312
01 FC:1251 120.00 A

Aafon Waxler
Reg. 48,027
914-333-9608
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57 ABSTRACT

The invention relates to a wireless network comprising a
radio network controller and a plurality of assigned termi-
nals, which are provided for exchanging data according to
the hybrid ARQ method of type II or III and each form a
receiving and/or transmitting side. A physical layer of a
transmitting side is arranged for

storing coded transport blocks in a memory, which blocks
contain at least a packet data unit delivered by the
assigned radio link control layer and can be identified
by a packet data unit sequence number,

storing abbreviated sequence numbers whose length
depends on the maximum number of coded transport
blocks to be stored and which can be shown unam-
biguously shown in a packet data unit sequence num-
ber, and for

transmitting coded transport blocks having at least the
assigned abbreviated sequence numbers.

a physical layer of a receiving side is provided for testing
the correct reception of the coded transport block and
for sending a positive acknowledge command to the
transmitting side over a back channel when there is
correct reception and a negative acknowledge com-
mand when there is error-affected reception.

10 Claims, 3 Drawing Sheets
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1
WIRELESS NETWORK WITH A DATA
EXCHANGE ACCORDING TO THE ARQ
METHOD

The invention relates to a wireless network comprising a
radio network controller and a plurality of assigned termi-
nals, which are each provided for exchanging data and
which form a receiving and/or transmitting side.

Such a wireless network is known from the document “3"¢
Generation Partnership Project; Technical Specification
Group Radio Access Network; Report on Hybrid ARQ Type
I/ (Release 2000), 3G TR 25.835 V0.0.2, TSG-RAN
Working Group 2 (Radio 1.2 and Radio [.3), Sophia Anti-
polis, France, 21-15 August 2000”. For the secured trans-
mission of data a method is used here which is called the
hybrid ARQ-method type II or III (ARQ=Automatic Repeat
Request). The data sent in Packet Data Units (PDU) by the
Radio Link Control layer (RLC layer) are additionally
provided for the error correcting coding with an error control
through repetition of transmission. This means that in the
case of an error-affected reception of a packet data unit
packed in a transport block coded by one of the assigned
physical layers, the received packet data unit affected by
error is sent anew. With the hybrid ARQ method type I the
received packet data unit affected by error is rejected and an
identical copy is requested anew. With the hybrid ARQ
methods types II and III the received packet data unit
affected by error is buffered and, after additional incremental
redundancy relating to the received packet data unit,
decoded together with the received packet data unit affected
by error. Since only incremental redundancy and not the
whole error-affected packet data unit is transmitted anew, the
amount of data to be transmitted anew is reduced. With the
ARQ method type 1I the incremental redundancy is useless
without the buffered (error-affected) packet, with the ARQ
method type III the incremental redundancy can be decoded
also without the buffered (error-affected) packet. The coded
transport blocks are sent over at least one transport channel.
A message about the error-free reception in said document
is sent only when the receiving RLC layer establishes on the
basis of the so-called RL.C sequence number that packet data
units are lacking, even if the physical layer has already
recognized the packet data unit as being error-affected. This
means that the packet data unit is to be buffered over long
time spaces until an incremental redundancy is requested
and then, after a successful decoding, the reception may be
acknowledged as correct, especially when the receiving side
is the network side, while the physical layer and the RL.C
layer are usually located on different hardware components.
In addition to the packet data units contained in the transport
blocks, the RLC sequence numbers of the packet data unit
and a redundancy version are to be transmitted in synchro-
nism with the coded transport block when the hybrid ARQ
methods of type Il or III are implemented. This transmission
is generally effected over a clearly better protected transport
channel to safeguard that this information is error-free
already at first reception. The information is decisive if after
a repetition of transmission with incremental redundancy the
buffered (error-affected) packet data unit is decoded together
with the incremental redundancy, because the incremental
redundancy is to be assigned to the respective packet data
unit via the redundancy version.

It is an object of the invention to provide a wireless
network in which error-affected data repeatedly to be trans-
mitted according to the ARQ method of the type II or III are
buffered for a shorter period of time on average.
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The object is achieved by the following features by the
wireless network mentioned in the opening paragraph which
comprises a radio network controller and a plurality of
assigned terminals which are each provided for exchanging
data and which form each a receiving and/or transmitting
side:

A physical layer of a transmitting side is provided for

storing coded transport blocks in a memory, which blocks

contain at least a packet data unit which is delivered by
the assigned radio link control layer and can be iden-
tified by a packet data unit sequence number,

storing abbreviated sequence numbers whose length

depends on the maximum number of coded transport
blocks to be stored and which can be shown unam-
biguously in a packet data unit sequence number, and
for

transmitting coded transport blocks having at least the

assigned abbreviated sequence number and

a physical layer of a receiving side is provided for testing

the correct reception of the coded transport block and
for sending a positive acknowledge command to the
transmitting side over a back channel when there is
correct reception and a negative acknowledge com-
mand when there is error-affected reception.

The wireless network according to the invention may be,
for example, a radio network according to the UMTS
standard (UMTS=Universal Mobile Telecommunication
System). With this system, when, for example, data are
transmitted according to the ARQ method of type II or III,
the transmission of an acknowledge command over a back
channel unknown thus far between a physical layer of a
transmitting side (for example, a radio network controller)
and the physical layer of a receiving side (for example, a
terminal) provides that a correct or error-affected transmis-
sion of a transport block is announced to the transmitting
side much more rapidly than known until now. As a result,
a repetition of transmission with incremental redundancy
may be effected rapidly. This enables the receiving side to
buffer the received coded transport block affected by error
clearly more briefly, because the additional redundancy
necessary for the correct decoding is available at an earlier
instant. In this manner, the memory capacity or memory area
needed on average for buffering received coded transport
blocks affected by error is also reduced.

The use of abbreviated sequence numbers reduces the
extent of information that is required to be additionally
transmitted for managing the transport blocks and packet
data units and simplifies the assignment of the received
acknowledge command to the stored transport blocks. The
physical layer of a receiving side is provided here for
sending a positive or negative acknowledge command with
the abbreviated sequence number of the correctly or
received transport block affected by error over the return
channel.

In lieu of transmitting the abbreviated sequence number,
an abbreviated sequence number of a transport block which
areceived acknowledge command relates to can also implic-
itly be determined based on the length of time between the
transmission of the transport block and the reception of the
acknowledge command and on the transmission sequence of
the acknowledge command in case of a plurality of received
acknowledge commands. This is made possible in a simple
manner in that a transmission of the transport blocks is
provided in radio frames and in that the transmission of an
acknowledge command from the transmitting side to the
receiving side is provided in the F” radio frame at the
earliest after the radio frame that contains the respective
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transport block (with F=1). The order of a plurality of
acknowledge commands corresponds to the order of the
transmission of transport blocks in a preceding radio frame.

If the physical layer of a transmitting side has received a
negative acknowledge command, the physical layer once
again requests the radio link control layer to transmit the
packet data unit that has been transmitted affected by error
via the coded transport block. After a packet data unit has
been received, the physical layer forms therefrom a coded
transport block which contains an incremental redundancy.

The invention also relates to a radio network controller
and a terminal in a wireless network which exchange data
according to the hybrid ARQ method.

These and other aspects of the invention are apparent
from and will be elucidated with reference to the embodi-
ments described hereinafter.

In the drawings:

FIG. 1 shows a wireless network comprising a radio
network controller and a plurality of terminals,

FIG. 2 shows a layer model for explaining different
functions of a terminal or of a radio network controller and

FIG. 3 shows a plurality of radio frames which contain
data to be transmitted over the radio path between radio
network controller and terminals.

FIG. 1 shows a wireless network, for example, radio
network, including a radio network controller (RNC) 1 and
a plurality of terminals 2 to 9. The radio network controller
1 is responsible for controlling all the components taking
part in the radio traffic such as, for example, the terminals 2
to 9. An exchange of control and useful data takes place at
least between the radio network controller 1 and the termi-
nals 2 to 9. The radio network controller 1 sets up a
respective link for the transmission of useful data.

As a rule, the terminals 2 to 9 are mobile stations and the
radio network controller 1 is fixedly installed. A radio
network controller 1 may, however, also be movable or
mobile, as appropriate.

In the wireless network are transmitted, for example,
radio signals in accordance with the FDMA, TDMA or
CDMA method (FDMA=frequency division multiple
access, TDMA=time division multiple access, CDMA=code
division multiple access), or in accordance with a combina-
tion of the methods.

In the CDMA method, which is a special code-spreading
method, binary information (a data signal) coming from a
user is modulated with a respective code sequence. Such a
code sequence includes a pseudo-random square-wave sig-
nal (pseudo-noise code), whose rate, also called chip rate, is
generally considerably higher than that of the binary data.
The length of time of a square-wave pulse of the pseudo-
random square-wave signal is referred to as a chip interval
T /T is the chip rate. The multiplication or modulation
respectively, of the data signal by the pseudo-random
square-wave signal has a spreading of the spectrum by the
spreading factor N =T/T. as a result, where T is the length
of time of the square-wave pulse of the data signal.

Usetul data and control data are transmitted between at
least one terminal (2 to 9) and the radio network controller
1 over channels predefined by the radio network controller
1. A channel is determined by a frequency range, a time
range and, for example, in the CDMA method, by a spread-
ing code. The radio link from the radio network controller 1
to the terminals 2 to 9 is referred to as the downlink and from
the terminals to the base station as the uplink. Thus data are
sent over downlink channels from the base station to the
terminals and over uplink channels from the terminals to the
base station.
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For example, a downlink control channel may be pro-
vided which is used for broadcasting, prior to a connection
setup, control data coming from the radio network controller
1 to all the terminals 2 to 9. Such a channel is referred to as
downlink broadcast control channel. For transmitting con-
trol data from a terminal 2 to 9 to the radio network
controller 1 prior to a connection setup, for example, an
uplink control channel assigned by the radio network con-
troller 1 can be used which, however, may also be accessed
by other terminals 2 to 9. An uplink channel that can be used
by various terminals or all the terminals 2 to 9 is referred to
as a common uplink channel. After a connection setup, for
example, between a terminal 2 to 9 and the radio network
controller 1, useful data are transmitted by a downlink and
an uplink user channel. Channels that are set up between
only one transmitter and one receiver are referred to as
dedicated channels. As a rule, a user channel is a dedicated
channel which may be accompanied by a dedicated control
channel for transmitting link-specific control data.

For exchanging useful data between the radio network
controller 1 and a terminal, it is necessary for a terminal 2
to 9 to be synchronized with the radio network controller 1.
For example, it is known from the GSM system
(GSM=Global System for Mobile communication), in
which a combination of FDMA and TDMA methods is used,
that after a suitable frequency range is determined based on
predefined parameters, the position in time of a frame is
determined (frame synchronization), with the aid of which
frame the order in time for transmitting data is determined.
Such a frame is always necessary for the data synchroniza-
tion of terminals and base station in TDMA, FDMA and
CDMA methods. Such a frame may contain several sub-
frames, or together with various other successive frames,
form a superframe.

The exchange of control and useful data via the radio
interface between the radio network controller 1 and the
terminals 2 to 9 can be explained with the layer model or
protocol architecture shown by way of example in FIG. 2
(compare for example 3" Generation Partnership Project
(3GPP); Technical Specification Group (TSG) RAN; Work-
ing Group 2 (WG2); Radio Interface Protocol Architecture;
TS 25.301 V3.2.0 (1999-10)). The layer model comprises
three protocol layers: the physical layer PHY, the data link
layer having the sub-layers MAC and RLC (in FIG. 2
various objects of the sub-layer RLC are shown) and the
layer RRC. The sub-layer MAC is equipped for Medium
Access Control, the sub-layer RLC for Radio Link Control
and the layer RRC for Radio Resource Control. The layer
RRC is responsible for the signaling between the terminals
2 to 9 and the radio network controller 1. The sub-layer RL.C
is used for controlling a radio link between a terminal 2 to
9 and a radio network controller 1. The layer RRC controls
the layers MAC and PHY via control links 10 and 11. By
doing this, the layer RRC can control the configuration of
the layers MAC and PHY. The physical layer PHY offers
transport links 12 to the layer MAC. The layer MAC renders
logic connections 13 available to the layer RLC. The layer
RLC can be reached by applications via access points 4.

In such a network a method of securely transmitting data
is used, which is called the hybrid ARQ (ARQ=Automatic
Repeat Request) method. The data sent in packet data units
PDU are additionally provided for a forward error correction
by means of an error control via repetitions of transmissions.
This means that in case a packet data unit is received
affected by error, the received packet data unit affected by
error is sent anew. With the hybrid ARQ methods of type II
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or III it is possible to send only certain parts of the data of
an error-affected transmission once again. This is referred to
as incremental redundancy.

The packet data units are formed in the RLC layer and
packed to transport blocks in the MAC layer, which trans-
port blocks are transmitted by the physical layer from the
radio network controller to a terminal or vice versa over the
available transport channels. In the physical layer the trans-
port blocks are provided with a cyclic redundancy check
(CRC) and coded together. The result of this operation is
referred to as a coded transport block. The coded transport
blocks contain a packet data unit and control information.

Coded transport blocks affected by error that were trans-
mitted are buffered in the physical layer of the receiving side
for the conversion according to the hybrid ARQ method of
type 1I or III until the incremental redundancy required
afterwards makes an error-free decoding possible. It is
known that at least the RL.C sequence number or packet data
unit sequence number, which features a packet data unit, and
aredundancy version is to be transmitted, in parallel with the
coded transport block or the incremental redundancy
required afterwards, as so-called side information (compare:
3" Generation Partnership Project; Technical Specification
Group Radio Access Network; Report on Hybrid ARQ Type
I/ (Release 2000), 3G TR 25.835 V0.0.2, TSG-RAN
Working Group 2 (Radio 1.2 and Radio [.3), Sophia Anti-
polis, France, 21-15 August 2000”), so that the receiving
side can detect which coded transport block is concerned or
which buffered coded transport block the additionally trans-
mitted redundancy refers to when a coded transport block
affected by error or additional incremental redundancy
affected by error is received. The redundancy version indi-
cates whether it is a first-time sent incremental redundancy
or which next incremental redundancy possibly repeated
several times is concerned.

According to the invention, an abbreviated sequence
number in lieu of the RLC sequence number is used for the
transmission of the side information over the radio interface,
the length of which abbreviated sequence number is clearly
shorter than the RLLC sequence number. This abbreviated
sequence number is determined by the number of M coded
transport blocks which, on the receiving side, can at most be
buffered simultaneously, and consists of [1d M ] bits. ([1d
M] means the logarithm to the base of 2 rounded to the next
higher natural number).

For this purpose, the transmitting physical layer generates
an abbreviated sequence number from the RLC sequence
number locally received as side information from the RLC
layer. The physical layer contains another table or a memory
which stores the abbreviated sequence number and the RLC
sequence number, so that an image of the RLC sequence
number follows the abbreviated sequence number. If the
physical layer receives from the RL.C layer a transport block
containing side information, but all the abbreviated
sequence numbers have already been issued, this transport
block cannot be transmitted and the RLC layer is to be
informed of this queue situation. In another case the physical
layer selects a non-issued abbreviated sequence number,
writes the relation to the RLC sequence number in the table
and codes the transport block and sends it as a coded
transport block with the side information via the radio
interface. For an incremental redundancy to be sent after-
wards, which relates to this coded transport block, again this
abbreviated sequence number is taken from the table and
sent in the side information in parallel with the incremental
redundancy.
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To inform the transmitting side (transmitting terminal or
radio network controller) of the fact that a transport block
has not been transmitted error-free, according to the inven-
tion a fast back channel is provided which is inserted directly
between the receiving physical layer and the sending physi-
cal layer and not between the RL.C layers concerned. The
back channel is built up if a terminal and the radio network
controller have agreed that data are transmitted according to
the hybrid ARQ method of type II or III. The receiving
physical layer checks whether the coded transport block has
been transmitted correctly. If it has, a positive acknowledge
signal ACK is sent to the sending physical layer over the
back channel. Conversely, if the coded transport block has
not been received error-free, a negative acknowledge com-
mand NACK is sent to the sending physical layer.

The positive and negative acknowledge commands ACK
and NACK may each contain the abbreviated sequence
number of the correctly or erroneously received coded
transport block. The sending side can also identify the
transmitted transport block affected by error on account of
the number of a radio frame, which contains the positive or
negative acknowledge command. The acknowledge com-
mands in a radio frame of the back channel relate to coded
transport blocks which were transmitted in transmission
time intervals TTI which ended in a radio frame that
preceded by exactly F radio frames (with F=1) the radio
frame containing the acknowledge commands. FIG. 3 shows
this. A transport time interval TTI indicates the time which
a transport block lasts and corresponds at least to the length
of time of one radio frame RF which determines the time
necessary for the transport blocks to be sent over the radio
link or radio interface. The numbers of the radio frames are
generally broadcast to the mobile stations via a broadcast
channel. In FIG. 3 are shown various transport blocks TB0
to TB4 which are to be transmitted for the length of time of
two radio frames RF. The transport block TBO in this
example is not transmitted according to the hybrid ARQ
method of type II or III, whereas the other transport blocks
are to be transmitted indeed according to the hybrid ARQ
methods of type II or I1I. The announcement about a correct
or error-affected transmission thus only occurs for the trans-
port blocks TB1 to TB4 via a positive or negative acknowl-
edge command over the physical back channel.

The transmission time interval TTI of the transport blocks
TB1 and TB4 is equal to the length of time of a single radio
frame RF and the transmission time interval TTI of the
transport blocks TB0, TB2 and TB3 is equal to two radio
frames RF. A first part of the transport blocks TB2, TB3 and
TBO0 and transport block TB1 are used for transmitting coded
transport blocks during a first radio frame RF and a second
part of the transport blocks TB2, TB3 and TB0 and transport
block TB4 during a second subsequent radio frame RF over
the physical channel PHC. It is assumed that the transport
blocks TB1, TB2 and TB4 have been received correctly and
the transport block TB3 from a terminal or from the network
controller. The correct or error-affected reception is checked
in a radio frame RF which comes after the ended Transmis-
sion Time Interval (TTI) and is announced to the sending
side (F=2) in the next radio frame RF via the back channel
BC. FIG. 3 shows in the third radio frame RF the positive
acknowledge command ACK for the transport block TB1
and in the fourth radio frame RF the positive acknowledge
command ACK for the transport blocks TB4 and TB2 and
the negative acknowledge command NACK for the transport
block TB3. No acknowledge command is sent for the
transport block TB0, because this command is not transmit-
ted according to an ARQ method of type II or IIl. The
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acknowledge commands are sorted in the sequence in which
the transport blocks have been sent. The acknowledge
command can, however, also be sent during a later radio
frame RF. The number F of radio frames RF which occur
between the reception of a transport block (i.e. after the
transmission time interval has ended) or a number of trans-
port blocks (i.e. after their transmission time intervals have
ended, ending all at the same frame boundary) and the
sending of an acknowledge command should be selected so
that the receiving side has enough time to decode all
co-transmitted transport blocks and check them for errors.

The transmission of the transport blocks TB0 to TB4 is
accompanied with data called side information, which con-
tain at least information about the redundancy version and
about the abbreviated sequence number of a transport block.
This side information is referred to as SI in FIG. 3.

If a sending side receives a negative acknowledge com-
mand NACK, additional incremental redundancy is
prompted to be sent. The physical layer that has received the
negative acknowledge command (NACK) for one or more
received coded transport blocks affected by errors, deter-
mines the RLC sequence number of the packet data unit
which the negative acknowledge commands relate to and
announces to the associated RLC layer the RLC sequence
numbers of the error-affected packet data units. At the same
time, the receiving physical layer stores the RLC sequence
numbers of the packet data units that have been announced
to be error-affected. The RLC layer then sends each one of
these packet data units again, as in the case where the
opposite RLC layer requests to send a packet data unit again
(hybrid ARQ method type I). The MAC layer generates a
transport block from the packet data unit, which transport
block is then transferred with the side information to the
physical layer. The physical layer compares the RLC
sequence number contained in the side information with the
buffered sequence number and recognizes that this transport
block is to be sent as a repetition of transmission. The
physical layer generates a coded transport block which
contains the necessary incremental redundancy and no
longer the whole coded packet data unit—as defined by the
hybrid ARQ method type 1I or III.

If the physical layer has received a positive acknowledge
command ACK, it deletes the stored RL.C sequence number.
Via this RLC sequence number the physical layer can also
acknowledge the correct reception of the packet data unit to
the associated RLC layer, which RLC layer then deletes the
packet data unit that has this RL.C sequence number from its
buffer. This is particularly possible in the case of the
downlink direction, when physical layer and RLC layer are
not accommodated on separate hardware components in the
receiving mobile station. On the other hand, it may be more
favorable for the sending RL.C layer to wait for the acknowl-
edgement of receipt from the RLC layer on the receiving
side, because it is still possible for transmission errors to
occur when the transport block is transferred from the
receiving physical layer to the receiving RLC layer (more
particularly in the uplink direction, because here the receiv-
ing physical layer and the receiving RLC layer are accom-
modated on different hardware components).

The invention claimed is:

1. A wireless network comprising a radio network con-
troller and a plurality of assigned to signals, which are each
provided for exchanging data according to the hybrid ARQ
method an which form a receiving and/or transmitting side,
in which a physical layer of a transmitting side is arranged
for
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storing coded transport blocks in a memory, which blocks
contain at least a packet data unit which is delivered by
an assigned radio link control layer and can be identi-
fied by a packet data unit sequence number,

storing abbreviated sequence numbers whose length

depends on the maximum number of coded transport
blocks to be stored and which can be shown unam-
biguously in a packet data unit sequence number, and
for

transmitting coded transport blocks having at least an

assigned abbreviated sequence number and

a physical layer of a receiving side is provided for testing

the correct reception of the coded transport block and
for sending a positive acknowledge command to the
transmitting side over a back channel when there is
correct reception and a negative acknowledge com-
mand when there is error-affected reception.

2. A wireless network as claimed in claim 1, characterized
in that the radio network controller and the assigned termi-
nals are provided for exchanging data according to the
hybrid ARQ method of type II or III.

3. A wireless network as claimed in claim 1, characterized
in that the physical layer of a receiving side is provided for
sending a positive or negative acknowledge command with
the abbreviate sequence number of the transport block
received correctly or affected by error.

4. A wireless network as claimed in claim 1, characterized
in tat the physical layer of one of a sending side or
transmitting side, after the reception of a positive or negative
acknowledge command, is provided for determining the
abbreviated sequence number of the respective coded trans-
port block transmitted correctly or affected by error based on
the length of time between transmission of the transport
block and reception of the acknowledge command and the
sending sequence of the acknowledge command when there
is a plurality of received acknowledge commands.

5. A wireless network as claimed in claim 3, characterized
in that a transmission of the coded transport blocks is
provided in radio frames and in that the transmission of an
acknowledge command from either the sending side or the
transmitting side to the receiving side is provided in a
subsequent radio frame after the radio frame in which the
transmission of the respective coded transport block ends.

6. A wireless network as claimed in claim 4, characterized
in that the order of a plurality of acknowledge commands
corresponds to the order of the transmission of last parts of
transport blocks in previous radio frame.

7. A wireless network as claimed in claim 1, characterized
in that the physical layer of one of a sending side or
transmitting side, upon reception of a positive acknowledge
command, is provided for deleting the assigned transport
block and the abbreviated sequence number and for
announcing the correct reception to the radio link control
layer.

8. A wireless network as claimed in claim 1, characterized
in that the physical layer of one of a sending side or
transmitting side, upon reception of a negative acknowledge
command, is provided for requesting the radio link control
layer to transmit a packet data unit that has been transmitted
affected by error via the coded transport block and in that the
physical layer, upon reception of a packet data unit repeat-
edly sent by the radio link control layer is provided for
forming a coded transport block which contains an incre-
mental redundancy.

9. A radio network controller in a wireless network
comprising a plurality of terminals, which radio network
controller is provided for exchanging data with the terminals
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and which forms a receiving and/or transmitting side, in
which a physical layer of the radio network controller
arranged as a transmitting side for
storing coded transport blocks in a memory, which blocks
contain at least a packet data unit which is delivered by
an assigned radio link control layer and can be identi-
fied by a packet data unit sequence number,
storing abbreviated sequence numbers whose length
depends on the maximum number of coded transport
blocks to be stored and which can be shown unam-
biguously in a packet data unit a sequence number, and
for
transmitting coded transport blocks having at least an
assigned abbreviated sequence number and
a physical layer of the radio network controller is
arranged as a receiving side for testing the correct
reception of a coded transport block from a terminal
and for sending a positive acknowledge command to a
terminal over a back channel when there is correct
reception and a negative knowledge command when
there is error-affected reception.
10. A terminal in a wireless network comprising further
terminals and a radio network controller, which terminal is
provided for exchanging data with the terminals and which
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forms a receiving and/or transmitting side, in which a
physical layer of the terminal is arranged as a transmitting
side for
storing coded transport blocks in a memory, which blocks
contain at least a packet data unit which is delivered by
an assigned radio link control layer and can be identi-
fied by a packet data unit sequence number,
storing abbreviated sequence numbers whose length
depends on the maximum number of coded transport
blocks to be stored and which can be shown unam-
biguously in a packet data unit a sequence number, and
for
transmitting coded transport blocks to the radio network
controller having at least an assigned abbreviated
sequence number and
A physical layer of the terminal is arranged as a receiving
side for testing the correct reception of a coded trans-
port block from the radio network controller and for
sending a positive acknowledge command to the radio
network controller over a back channel when there is
correct reception and a negative acknowledge com-
mand when there is error-affected reception.

#* #* #* #* #*
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METHOD AND SYSTEM FOR DATA
TRANSMISSION IN A WIRELESS NETWORK

RELATED APPLICATIONS

[0001] This patent application claims the benefit of U.S.
Provisional Patent application, entitled “Modulation Sys-
tems and Techniques,” serial number 60/191,723, filed Mar.
24, 2000.

TECHNICAL FIELD

[0002] The present invention is generally related to com-
munication system protocols. More specifically, the present
invention is directed to a radio protocol for a wireless
network.

BACKGROUND OF INVENTION

[0003] In digital packet radio transceiver networks, there
are several schemes for coordinating multiple radios to
access a shared radio channel. One such scheme is time-
division-multiple-access (TDMA). FIG. 1. In TDMA, each
transmitting station is assigned a time slot within a repeating
time frame, called a dwell period, during which only that
station is allowed to transmit. In a star configured wireless
network, a central base station is surrounded by one or more
remote stations. As opposed to a peer-to-peer network
configuration, remote stations are only allowed to commu-
nicate with the base station and not to each other. The
sequence of transmission slots begins with a transmission by
the base station which is received by all remote stations and
followed by an individual transmission slot for each remote
station. FIG. 2.

[0004] Digital communications networks often provide a
facility for retransmitting defective or errant data messages.
One common form of such error handling is automatic
repeat-request, or ARQ. In ARQ, the transmitting station
listens after every transmitted message for an acknowledg-
ment (ACK) message from its recipient. If the originating
station fails to receive the ACK message, the originally
transmitted message is sent again, repeating until either the
ACK is received or a predetermined number of attempts
have been made, in which case the message is discarded.

SUMMARY OF THE INVENTION

[0005] The present invention includes various forms of
messaging protocols or methods of transmitting and receiv-
ing data between radio stations in a multipoint TDMA digital
wireless network that are optimized for use in a star con-
figuration. A hierarchical messaging protocol is defined
comprising of a number of different control and messaging
packet formats. Packet types are defined that support a
registration mechanism for controlling access of remote
stations into and out of the network and support retransmis-
sion of defective or errant packets.

[0006] Accommodation is made for network control func-
tions including both access control and retransmission of
defective or lost packets. The present invention provides a
TDMA protocol implementation having superior efficiency
when used in small multipoint data networks. The imple-
mentation provides a compact method of handle assignment
capable of mapping a 24-bit address into a 6-bit handle
space. In addition, an ARQ is provided in which a very short
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sequence number is utilized for space efficiency. The various
packet types are distinguishable from one another with
minimal decoding effort.

[0007] One embodiment of the present invention is
directed to a method for attaining access to a wireless
communication network configured in a star layout utilizing
a base station and a remote station wherein a packet frame
is transmitted and received throughout the network. The
remote station discovers the network and requests access to
the network by transmitting a packet frame comprising a
registration packet. The remote station is granted access to
the network by the base station transmitting a packet frame
comprising a grant packet. A temporary identifier is assigned
to the remote station. The temporary identifier being a
handle associated with the remote station for a predeter-
mined number of dwell periods. The duration of the dwell
period is monitored by the network during transmission of a
broadcast packet. The remote station can request to extend
its utilization of the temporary identifier within the network
by transmitting a renewal request packet. If the remote
station does not request an extension, the temporary iden-
tifier will be removed after a predetermined amount of time
has passed.

[0008] Another embodiment of the present invention is
directed to a protocol for a wireless communication network
having a base station and a remote station. The network
being configured in a star layout for transmitting and receiv-
ing a packet frame having a header, a trailer and a packet
throughout the network. The protocol comprises a broadcast
message, an acknowledge message, a data message, a reg-
istration request message, a renewal message and a grant
message.

[0009] An object of the present invention is to provide an
access control procedure defined by which a base station can
both grant entry to a remote station and detect when the
remote station exits the network. Each remote station has a
unique factory-assigned identifier. To improve data trans-
mission efficiency, a short identifier called a handle is
assigned to each remote station when it enters the network
for the purpose of distinguishing messages intended for or
originating from that remote station.

[0010] Another object of the present invention is to pro-
vide an automatic repeat-request error control mechanism
wherein each packet carries a sequence number that allows
a remote receiving station to distinguish repeated packets
from ones it may have already received. Each new data
packet is assigned a distinct sequence number that is used
when that packet is transmitted, however many times as may
be required. Sequence numbers are not infinite in extent and
must be recycled by the transmitting station for reuse.

[0011] Other advantages and aspects of the present inven-
tion will become apparent upon reading the following
description of the drawings and detailed description of the
invention.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 depicts a TDMA transmission sequence
showing a repeating slot structure to accommodate trans-
missions from a base station and remote stations;

[0013] FIG. 2 depicts a star configuration TDMA network
with a base station and a plurality of remote stations;
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[0014] FIG. 3 depicts a structure for a packet frame
transmitted by a radio, one packet frame is sent per time slot;

[0015] FIG. 4 depicts the data format of the HEADER and
TRAILER portions of the packet frame depicted in FIG. 3;

[0016] FIG. 5 depicts individual data formats for the
BCAST, ACK and DATA packet types; and,

[0017] FIG. 6 shows individual data formats for the
registration, renewal and grant packet types.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

[0018] While this invention is susceptible of embodiments
in many different forms, there is shown in the drawings and
will herein be described in detail a preferred embodiment of
the invention with the understanding that the present dis-
closure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the
broad aspect of the invention to the embodiment illustrated.

[0019] The largest element of transmission is the packet
frame 10. As shown in FIG. 3, the packet frame 10 com-
prises a HEADER block 12, an individual data packet 14
and a TRAILER block 16. FIG. 3. Packets 14 may be of one
of the following types: BCAST 18, ACK 20, DATA 22, REG
24, REN 26 or GRANT 28.

[0020] As shown in FIG. 4, the HEADER portion 12 of
the packet frame 10 is comprised of a synchronization word
30 (FSYNC) and a network identifier 32 (NET_ID). Detec-
tion of the FSYNC 30 by a remote receiving station 34 is
used to establish the byte boundaries within the serial data
stream. The NET_ID 32 consists of a bit field specifying
whether the sending station is a base station 36 or a remote
station 34 and a network number that is used as a means of
distinguishing traffic from other networks that may happen
to be deployed within radio range of one another.

[0021] The TRAILER portion 16 of the packet frame 10
has an end-of-frame flag 38 (EOF) and a 24-bit checksum 40
(CRC24).

[0022] The middle of the packet frame 10 includes one or
more individual packets 14, that are described below.

[0023] As shown in FIG. 5, the BCAST packet 18 is a
packet type sent only by the base station 36 and includes
global information describing the system configuration and
status of the network 42. The first byte consists of a packet
identifier field 44 (PKT_ID), (for this packet type, the packet
identifier field is set equal to eleven), to distinguish it from
other kinds of packets 14, and a duty cycle-field 46 (DUT-
CYC) that specifies a duty cycle parameter for remote
stations 34 that may wish to power down for some dwell
periods in order to conserve power. The remaining four
bytes constitute one field each. A HOPDUR field 48 speci-
fies the length of the dwell period to be observed by all
radios. An EXPCNT field 50 is a counter used for timing
registration events. A BSIZE field 52 informs the remote
stations 34 of the size of the time slot allocated to the base
station 36, and a NUMRENTS field 54 declares how many
remote stations 34 are currently in the network 42. After the
base station 36 transmits, the remainder of the dwell period
is divided equally among the remote stations and the NUM-
REMTS field 54 is used by the remote stations 34 to
determine how many segments the dwell period should be
divided.
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[0024] Also as shown in FIG. 5, a DATA packet 22 is used
to carry higher-level application data. A HANDLE field 56
specifies which remote station 34 the data is intended for, or
which remote station 34 the data originated with, depending
on whether the base station 36 or one of the remote stations
34 is the station transmitting the data. A SEQ field 58 is an
ARQ sequence number. ALEN field 60 specifies the number
of bytes in the payload portion 62 of the packet. The payload
62 (PAYLD) itself consists of 0-255 bytes of application data
as specified by the LEN field 60.

[0025] As further shown in FIG. 5, the ACK packet 20 is
an ARQ acknowledgment used to inform an originating
station that a DATA packet 22 was successfully received. As
in the data packet 22, the HANDLE field 56 specifies which
remote the DATA packet 22 originated with or was intended
for, depending on whether the base station 36 or one of the
remote stations 34 was the originating station.

[0026] The REG 22, REN 26 and GRANT 28 packet
types, FIG. 6, pertain to the access control mechanism. The
process begins when a remote station 26 discovers the
network 42 and requests permission to enter from the base
station 34 in the form of a REG packet 22. If the base station
34 decides to admit the remote station 36, it transmits a
GRANT packet 28 which assigns the remote station 34 a
temporary identifier called a HANDLE 56. The HANDLE
56 is provided to the remote station 34 for a time period
equal to 256 dwell periods, that is kept track of through the
EXPCNT field 50 broadcast by the base station 36 in a
BCAST packet 18 during every dwell period. During this
period the remote station 34 must at some point request
permission to continue using the handle 56 in the form of a
renewal request 26 (REN packet). The base station 34
responds to this request with a GRANT packet 28 to renew
the handle 56 for another 256 dwell periods. If a remote
station 34 should fail to renew its registration, it is consid-
ered to have left the network 42 and its handle 56 is retired
by the base station 36.

[0027] The REG packet type 24 is a registration packet
from a remote station 34 requesting access to the network 42
from the base station 36. FIG. 6. The HANDLE field 56 in
this case is a requested handle that the remote station 34
would like assigned if it is not already in use by another
remote station. A KREG field 68 is a placeholder and is
always zeros. ALASTNET field 70 informs the base station
36 what previous network 42 the remote station 34 request-
ing access may have belonged. ARSEQ 72 field and a TSEQ
74 field are initial values for receive and transmit ARQ
sequence numbers to be used when communicating with that
remote station 34. The last field, SERNUM, 76 includes the
remote station’s factory-assigned unique identifier.

[0028] The GRANT packet type 28 is sent by the base
station 36 to grant permission to a remote station 34 to enter
the network 42 and to renew registration for an existing
remote station, both of which operations may take place
concurrently, if necessary. A GHANDLE 78 field specifies
the handle that is being assigned to a new remote station 34.
The SERNUM field 76 specifies the unique serial number of
the new remote station 34 that is being granted permission.
A GSLOT field 80 specifies which time slot the remote
station 34 is allowed to use. ARHANDLE field 82 specifies
a remote station 34 whose handle has been renewed by the
base station 36, and RSLOT 84 specifies the time slot that is
assigned to that renewing remote station 34.
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[0029] REN packets 26 are renewal requests sent by a
remote station 34 to the base station 36 requesting permis-
sion to continue using its handle. The HANDLE field is the
handle of the remote station 34 making the request. A KREN
86 field is a constant used by the base station 36 to
distinguish REN packets 26 from REG packets 24, since
both packets can share the same PKT_ID 44, e.g., shown to
be ten for exemplification purposes.

[0030] The foregoing formats may be transmitted using
conventional star network system components that may be
adapted in conventional fashion to accommodate these for-
mats. The formats may be modified and changed to accom-
modate the purposes of this invention without departing
from its scope or spirit.

[0031] While the specific embodiment has been illustrated
and described, numerous modifications come to mind with-
out significantly departing from the spirit of the invention,
and the scope of protection is only limited by the scope of
the accompanying claims.

I claim:

1. A method for attaining access to a wireless communi-
cation network configured in a star layout utilizing a base
station and a remote station wherein a packet frame is
transmitted and received throughout the network, the
method comprising the steps of:

discovering the network;

requesting access to the network by transmitting a regis-
tration packet;

granting access to the network by transmitting a grant
packet;

assigning a temporary identifier to the remote station, the
temporary identifier being associated with the remote
station for a predetermined number of dwell periods;

monitoring the dwell periods during a transmission of a
broadcast packet;

requesting to extend the use of the temporary identifier by
transmitting a renewal request packet from the remote
station, the requesting to extend the use of the tempo-
rary identifier further comprising:

providing a handle field populated with the temporary
identifier of the remote station requesting renewal of
its temporary identifier; and,

providing a renewal constant, the renewal constant
being utilized by the base station to distinguish the
renewal packet from the registration packet;

granting the request to extend the use of the temporary
identifier; and,

removing the temporary identifier.
2. The method of claim 1 wherein the registration packet
comprises:

a packet identifier;
a request handle;

a serial number field including a factory assigned identi-
fier;

a previous network identifier representing a previous
network accessed by the remote station;
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a receive sequence number for cooperating with an auto-
matic-repeat request message utilized to ensure deliv-
ery of the registration packet during network commu-
nication with the remote station; and,

a transmit sequence number for cooperating with the
automatic-repeat request message utilized to ensure
delivery of the registration packet during network com-
munication with the remote station.

3. The method of claim 2 wherein the granting access to

the remote station to enter the network comprises:

assigning a new handle to the remote station;

assigning a serial number field to the remote station, the
serial number field comprising a unique serial number
to the remote station; and,

assigning a time slot to be utilized by the remote station

during network communication.

4. A protocol for a wireless communication network
having a plurality of stations including a base station and a
plurality of remote stations, the network being configured in
a star layout for transmitting and receiving a plurality of
packets of information throughout the network, the protocol
comprising:

a broadcast message packet for providing global infor-
mation of a network’s configuration and status, the
broadcast message packet being exclusively transmit-
ted from the base station;

an acknowledge message packet for informing a trans-
mitting station that a one of a plurality of packets of
information was successfully received;

a data message packet for providing a higher-level appli-
cation data;

a registration request message packet for requesting
access to the network, the registration packet being sent
from a one of the plurality of remote stations;

a grant message packet for granting access to the network,
the grant packet being transmitted from the base station
to the one of the plurality of remote stations; and,

a renewal message packet for requesting renewal of
access to the network.
5. The protocol of claim 4 wherein the broadcast message
packet comprising:

a packet identifier field for distinguishing the broadcast
message packet from the plurality of packets of infor-
mation;

a duty cycle field for specifying a duty cycle parameter for
the plurality of remote stations to power down during
a dwell period;

a dwell length field for specifying a length of the dwell
period to be utilized by the plurality of remote stations;

a timing field for timing registration events;

a time slot field for communicating a size of a time slot to
the plurality of remote stations; and,

a partition field for determining an amount of sections the
dwell period should be partitioned.
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6. The protocol of claim 4 wherein the data message
packet comprises;

a handle field for specifying a one of the plurality of
remote stations the data message packet is received
from or destined for;

a sequence field having an automatic repeat-request
sequence number;

a payload field; and,

a length field for specifying a number of bits in the
payload field, the payload field ranging from 0-255
bytes as specified by the length field.

7. The protocol of claim 4 further comprising an access
control packet selected from the group consisting of regis-
tration, renewal and grant packets.

8. The protocol of claim 7 wherein the registration packet
comprises:

a packet identifier field;

a handle field for requesting a handle preferred by a one
of the plurality of remote stations;

a previous network field for informing the base station of
the previous network to which the one of the plurality
of remote stations requesting access may have
belonged;

a receive sequence field being set to an initial value for a
receive automatic repeat-request sequence number to
be utilized for communication with the one of the
plurality of remote stations;

a transmit sequence field being set to an initial value for
a transmit automatic repeat-request sequence number
to be utilized for communication with the one of the
plurality of remote stations; and,

a serial number field comprising a factory assigned unique

identifier for the one of the plurality of remote stations.

9. The protocol of claim 7 wherein the grant packet
comprising:

a packet identifier;

a serial number field for specifying a unique serial number
associated with the one of the plurality of remote
stations being granted permission to access the net-
work;

a grant handle field for specifying a handle being assigned
to the one of a plurality of remote stations;

a grant slot field for specifying a time slot utilized by the
one of a plurality of remote stations;

a renewal handle field for specifying the one of the
plurality of remote stations renewed by the base station;
and,

a renewal slot field for specifying a renewal time slot
assigned to the renewed one of the plurality of remote
stations.
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10. The protocol of claim 7 wherein the renewal packet
comprises:

a handle field comprising a handle identifier of a one of
the plurality of remote stations transmitting the renewal
request; and,

a constant field having a constant utilized by the base
station to distinguish the renewal packet from the
registration packet.

11. The protocol of claim 4 wherein each of the plurality

of packets of information comprises:

a header having a first byte and a second byte, the second
byte further including a station identifier and a network
number; and,

a trailer having an end-of-file (EOF) byte and a 24 bit

checksum.

12. A method of communicating on a wireless network
configured in a star layout having a base station and a
plurality of remote stations wherein a packet frame is
transmitted and received throughout the wireless network,
the method comprising the steps of:

providing a plurality of control packets for network
control wherein the base station utilizes the plurality of
control packets to regulate access to the wireless net-
work;

providing a plurality of message packets for transmitting
information throughout the wireless network;

assigning a sequence number to a first message packet;
transmitting the first message packet;
receiving the first message packet;

transmitting the first message packet in response to a
failure to receive an acknowledgment message packet;
and,

transmitting the acknowledgment message packet.
13. The method of claim 12 further including:

requesting access to the wireless network by transmitting
a registration packet from a one of the plurality of
remote stations;

granting access to the wireless network by transmitting a
grant packet from the base station;

assigning a temporary identifier to the one of the plurality
of remote stations, the temporary identifier being a
handle associated with the one of the plurality of
remote stations for a predetermined number of dwell
periods; and,

monitoring the dwell periods during transmission of a
broadcast packet.
14. The method of claim 13 further comprising:

transmitting a renewal request packet requesting to extend
the use of the temporary identifier;

granting the request to extend the use of the temporary
identifier; and,

removing the temporary identifier.

#* #* #* #* #*
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(7) ABSTRACT

A system and method for performing SRNS relocation in a
communications system transmits radio resource informa-
tion including a ciphering parameter from a source RNC to
a target RNC, modifies the ciphering parameter to coincide
with a deciphering parameter which a user terminal uses
when out-of-sequence data is received, ciphers a data unit
based on the modified ciphering parameter, and transmits the
ciphered data unit from the target RNC to the user terminal.
The method may be modified to operate in UM mode or AM
mode and to transmit data over one of several radio bearers.
In accordance with another embodiment, the system and
method transmits radio resource information from a source
RNC to a target RNC and then transmits a data unit from the
target RNC to a user terminal. In this case, the data unit
including a transmission sequence number which consecu-
tively follows a transmission sequence number of a data unit
last transmitted from the source RNC to the user terminal. In
accordance with another embodiment, the system and
method resets ciphering and state variables in a target RNC
and then transmits a message instructing a user terminal to
reset a deciphering and state variables to the same or similar
values. All the embodiments are advantageous because they
ensure successful communications will take place between
the target RNC and user terminal after a serving radio
network sub-system relocation procedure is performed.
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FIG.11
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METHOD FOR RELOCATING SRNS IN A MOBILE
COMMUNICATION SYSTEM

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention generally relates to wireless com-
munication systems, and more particularly to a system and
method for performing a serving radio network sub-system
(SRNS) relocation procedure in a communications system.

[0003] 2. Background of the Related Art

[0004] A universal mobile telecommunications system
(UMTS) is a third generation mobile communication system
that has evolved from a standard known as Global System
for Mobile communications (GSM). This standard is a
European standard which aims to provide an improved
mobile communication service based on a GSM core net-
work and wideband code division multiple access
(W-CDMA) technology. In December, 1998, the ETSI of
Europe, the ARIB/TTC of Japan, the T1 of the United States,
and the TTA of Korea formed a Third Generation Partner-
ship Project (3GPP) for the purpose of creating a specifica-
tion for standardizing the UMTS.

[0005] The work towards standardizing the UMTS per-
formed by the 3GPP has resulted in the formation of five
technical specification groups (TSG), each of which is
directed to forming network elements having independent
operations. More specifically, each TSG develops, approves,
and manages a standard specification in a related region.
Among them, a radio access network (RAN) group (TSG-
RAN) develops a specification for the function, items
desired, and interface of a UMTS terrestrial radio access
network (UTRAN), which is a new RAN for supporting a
W-CDMA access technology in the UMTS.

[0006] The TSG-RAN group includes a plenary group and
four working groups. Working group 1 (WG1) develops a
specification for a physical layer (a first layer). Working
group 2 (WG2) specifies the functions of a data link layer (a
second layer) and a network layer (a third layer). Working
group 3 (WG3) defines a specification for an interface
among a base station in the UTRAN, a radio network
controller (RNC), and a core network. Finally, Working
group 4 (WGH4) discusses terms desired for a radio link
performance and items desired for radio resource manage-
ment.

[0007] FIG. 1 shows a structure of a 3GPP UTRAN to
which the present invention may be applied. This UTRAN
includes one or more radio network sub-systems (RNS).
Each RNS includes an RNC and one or more Nodes B (e.g.,
a base station) managed by the RNCs. RNCs are connected
to a mobile switching center (MSC) which performs line
exchange communications with the GSM network. The
RNCs are also connected to a serving general packet radio
service support node (SGSN) which performs packet
exchange communications with a general packet radio ser-
vice (GPRS) network.

[0008] Nodes B are managed by the RNCs, receive infor-
mation sent by the physical layer of a terminal (e.g., mobile
station, user equipment and/or subscriber unit) through an
uplink, and transmit data to a terminal through a downlink.
Nodes B, thus, operate as access points of the UTRAN for
the terminal.
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[0009] The RNCs perform functions which include
assigning and managing radio resources. An RNC that
directly manages a Node B is referred to as a control RNC
(CRNC). The CRNC manages common radio resources. A
serving RNC (SRNC), on the other hand, manages dedicated
radio resources assigned to the respective terminals. The
CRNC can be the same as the SRNC. However, when the
terminal deviates from the region of the SRNC and moves
to the region of another RNC, the CRNC can be different
from the SRNC. Because the physical positions of various
elements in the UMTS network can vary, an interface for
connecting the elements is necessary. Nodes B and the
RNCs are connected to each other by an Iub interface. Two
RNCs are connected to each other by an lur interface. An
interface between the RNC and a core network is referred to
as Tu.

[0010] Services provided to the UE may generally be
classified into circuit-switching services and packet-switch-
ing services. A voice telephone service may be included in
the circuit-switching service and a Web-browsing service
may be included in a packet-switching service through an
Internet connection. The circuit-switching service is con-
nected to an MSC of the core network, and this MSC is
connected to a gateway mobile switching center (GMSC) for
communicating with one or more external networks. The
GMSC manages the connections between the MSC and the
external networks.

[0011] The packet-switching service is connected to a
serving general packet radio service (GPRS) support node
(SGSN), this node is connected to a gateway GPRS support
node (GGSN) of the core network. The SGSN communi-
cates packets between the SRNC and GGSN, and the GGSN
manages connections between the SGSN and another
packet-switching network such as the Internet.

[0012] A variety of interfaces are provided for performing
mutual data exchanges between these network components.
An interface between an RNC and the core network is
known as an Iu interface. When the Iu is connected to the
packet-switching domain, it is called an Iu PS interface, and
when the Iu is connected to the circuit-switching domain it
is called a Iu CS interface.

[0013] FIG. 2 shows a structure of a radio access interface
protocol between a terminal which operates based on a
3GPP RAN specification and a UTRAN. The radio access
interface protocol is horizontally formed of a physical layer
(PHY), a data link layer, and a network layer and is
vertically divided into a control plane for transmitting con-
trol information and a user plane for transmitting data
information. The user plane is a region to which traffic
information of a user such as voice or an IP packet is
transmitted. The control plane is a region to which control
information such as an interface of a network or mainte-
nance and management of a call is transmitted.

[0014] InFIG. 2, protocol layers can be divided into a first
layer (L1), a second layer (L2), and a third layer (L3) based
on three lower layers of an open system interconnection
(OSI) standard model well known in a communication
system. The first layer (L1) operates as a physical layer
(PHY) for a radio interface and is connected to an upper
medium access control (MAC) layer through one or more
transport channels. The physical layer transmits data deliv-
ered to the physical layer (PHY) through a transport channel
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to a receiver using various coding and modulating methods
suitable for radio circumstances. The transport channel
between the physical layer (PHY) and the MAC layer is
divided into a dedicated transport channel and a common
transport channel based on whether it is exclusively used by
a single terminal or shared by several terminals.

[0015] The second layer L2 operates as a data link layer
and lets various terminals share the radio resources of a
W-CDMA network. The second layer 1.2 is divided into the
MAC layer, a radio link control (RLC) layer, a packet data
convergence protocol (PDCP) layer, and a broadcast/multi-
cast control (BMC) layer.

[0016] The MAC layer delivers data through an appropri-
ate mapping relationship between a logical channel and a
transport channel. The logical channels connect an upper
layer to the MAC layer. Various logical channels are pro-
vided based on the kind of transmitted information. In
general, when information of the control plane is transmit-
ted, a control channel is used. When information of the user
plane is transmitted, a traffic channel is used. The MAC
layer is divided two sub-layers according to performed
functions. The two sub-layers are a MAC-d sub-layer that is
positioned in the SRNC and manages the dedicated transport
channel and a MAC-c/sh sub-layer that is positioned in the
CRNC and manages the common transport channel.

[0017] The RLC layer forms an appropriate RLC protocol
data unit (PDU) suitable for transmission by the segmenta-
tion and concatenation functions of an RLC service data unit
(SDU) received from an upper layer. The RLC layer also
performs an automatic repeat request (ARQ) function by
which an RLC PDU lost during transmission is re-transmit-
ted. The RLC layer operates in three modes: a transparent
mode (TM), an unacknowledged mode (UM), and an
acknowledged mode (AM). The mode selected depends
upon the method used to process the RLC SDU received
from the upper layer. An RLC buffer stores the RLC SDUs
or the RLC PDUs received from the upper layer. A more
detailed explanation of the modes of operation of the RLC
layer will follow.

[0018] The packet data convergence protocol (PDCP)
layer is an upper layer of the RL.C layer which allows data
items to be transmitted through a network protocol such as
IP.v4 or IP.v6. A header compression technique for com-
pressing and transmitting the header information in a packet
can be used for effective transmission of the IP packet.

[0019] The broadcast/multicast control (BMC) layer
allows a message to be transmitted from a cell broadcast
center (CBC) through the radio interface. The main function
of the BMC layer is scheduling and transmitting a cell
broadcast message to a terminal. In general, data is trans-
mitted through the RLC layer operating in the unacknowl-
edged mode.

[0020] The PDCP layer and the BMC layer are connected
to the SGSN because a packet exchange method is used, and
are located only in the user plane because they transmit only
user data. Unlike the PDCP layer and the BMC layer, the
RLC layer can be included in the user plane and the control
plane according to a layer connected to the upper layer.
When the RLC layer belongs to the control plane, data is
received from a radio resource control (RRC) layer.

[0021] In general, the transmission service of user data
provided to the upper layer by the second layer (L.2) in the
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user plane is referred to as a radio bearer (RB). The
transmission service of control information provided to the
upper layer by the second layer (L2) in the control plane is
referred to as a signaling radio bearer (SRB). As shown in
FIG. 2, a plurality of entities can exist in the RLC and PDCP
layers. This is because a terminal has a plurality of RBs, and
one or two RLC entities and only one PDCP entity are
generally used for one RB. The entities of the RL.C layer and
the PDCP layer can perform an independent function in each
layer.

[0022] The RRC layer positioned in the lowest portion of
the third layer (L.3) is defined only in the control plane and
controls the logical channels, the transport channels, and the
physical channels in relation to the setting, the re-setting,
and the cancellation of the RBs. At this time, setting up the
RB means processes of stipulating the characteristics of a
protocol layer and a channel, which are required for pro-
viding a specific service, and setting the respective detailed
parameters and operation methods. It is possible to transmit
control messages received from the upper layer through a
RRC message.

[0023] Operation of the radio bearer and the RLC layer
will be now described in detail. As previously discussed, a
radio bearer (RB) is a transmission service which delivers
user data in the user plane to an upper layer through the
second layer L.2. The transmission service which delivers
control information in the control plane to the upper layer
through the second layer .2 is defined as a signaling radio
bearer (SRB).

[0024] As previously noted, the RLC layer operates in one
of three modes: transparent mode (ITM), unacknowledged
mode (UM), and acknowledged mode (AM).

[0025] When operating in the TM mode, header informa-
tion is not added to the RLC SDU received from the upper
layer, no sequence number is attached to the RL.C PDU and
data re-transmission is not performed. Also, though segmen-
tation and reassembly of the RLC SDU are generally not
performed, use of segmentation and reassembly when the
radio bearer is set up is determined in certain circumstances.

[0026] When operating in UM mode, re-transmission of
RLC PDUs is not performed even when a transmission
failure occurs. The receiver does not request retransmission
of data. Instead, a different approach is taken. In UM mode,
the RLC layer constructs RLC PDUs by segmenting or
concatenating RLC SDUs, and then attaching sequence
numbers to the RLC PDUs. The receiver can restore lost data
based on the sequence numbers by a re-assembly procedure.

[0027] When operating in the AM mode, re-transmission
is used to support error-free transmission in the following
manner. Status information corresponding to received RLC
PDUs is transmitted from the receiver in the form of a Status
Report. After receiving this report, the transmitter re-trans-
mits unsuccessfully transmitted RLC PDUs.

[0028] More specifically, in AM mode, the transmitter
forms each RLC PDU from one or more RLC SDUs that
have been received from an upper layer, and header infor-
mation, (e.g. sequence number and length indicators) are
then attached. Since the size of an AM RLC PDU is fixed,
the transmitter segments or concatenates one or more RLC
SDUs to fit the PDU size. Then, the formed RLC PDU is
stored in the transmission buffer. The stored RLLC PDUs are
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sequentially delivered to the MAC layer at a rate controlled
by the MAC layer. Since each RLC PDU has its own
sequence number, the receiver can check which RLC PDUs
are successfully received and which are not. The receiver
requests the retransmission for the unsuccessfully received
RLC PDUs to the transmitter by the Status Report.

[0029] The AM retransmission procedure may be more
clearly understood by the following example. If the
sequence numbers of the received RLC PDUs are #23, #24,
#25, #32, and #34, the receiver considers that RLC PDUs
having the sequence numbers of #26 to #31 and #33 are lost
during transmission. The receiver then sends a Status Report
to the transmitter, and the transmitter checks the Status
Report, and re-transmits the unsuccessfully transmitted RLC
PDUs, i.c. #26 to #31 and #33.

[0030] FIG. 3 shows the structure of an RL.C PDU of AM
or UM mode used in the RLC layer. The RLC PDU is
comprised of a header and a payload. The header shown
includes a sequence number and a length indicator. The
sequence number is used as an identifier of the correspond-
ing RLC PDU, and the length indicator indicates a boundary
of the RLC SDU. The sequence numbers may be, for
example, 7 (seven) bits for UM mode, and 12 (twelve) bits
for AM mode. A 1 (one) bit E field may be included to
indicate whether the next field is the length indicator or data.

[0031] The length indicator is used to indicate the bound-
ary of each RLC SDU ending within the RLC PDU. There-
fore, the length indicator may not be present if the RLC SDU
is not ended within the RL.C PDU. The length indicator may
also be used for other purposes. For example, the length
indicator may be used as a padding indicator and/or a data
start indicator. Padding is used to fill the whole RLC PDU
when there is no RLC SDU to be concatenated. The padding
can have any value and the receiver and the sender disregard
it. When used as a data start indicator the length indicator
may indicate that the RL.C SDU begins in the beginning of
the RLC PDU.

[0032] The data start indicator is useful because it can
prevent additional loss of data in the UM RLC. For example,
assume that an RLC PDU of sequence number #4 is lost and
an RLC PDU of sequence number #5 is received. Assume
further that a new RLC SDU begins at the beginning of the
PDU of sequence number #5 and ends within the PDU of
sequence number #5. In this case, because the RLC SDU
begins at the beginning of the PDU of sequence number #5,
the data start indicator is present at the header of the PDU
of sequence number #5. But, if the data start indicator is not
present, the receiver RLC layer considers that only contin-
ued segments of an RLC SDU contained in the RL.C PDU
of sequence number #5 is received. In this case, the receiver
discards the segments because the receiver thinks that the
entire RLC SDU has not been received.

[0033] FIG. 4 shows an exemplary snapshot of the status
of an RLC buffer. As shown, the RL.C PDUs are sequentially
stored in the buffer and the successfully transmitted RLC
PDUs are deleted from the buffer. As shown, the RLC layer
uses state variables for managing the transmission of data
using the RLC buffer.

[0034] When operating in AM mode, the RLC layer uses
a state variable VTI(S) to indicate the sequence number of the
next RLC PDU to be transmitted for the first time, and a state
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variable VT(A) to indicate the sequence number of the first
RLC PDU to be positively acknowledged by the receiver.
The status of the buffer therefore indicates that the trans-
mitter has transmitted RLC PDUs up to the PDU of
sequence number of VT(S)-1 and has received positive
acknowledgments up to the RLC PDU of VT(A)-1 from the
receiver.

[0035] When operating in the UM mode, the RLC layer
uses a state variable VT(US) which is similar to VT(S) in
AM mode. That is, VT(US) indicates the sequence number
of the next RLC PDU to be transmitted. However, since
there is no feedback from the receiver in UM mode, the state
variable such as VT(A) is not defined.

[0036] 1In both modes of operation, the initial value of the
state variables may be set to 0 (zero). When the RLC layer
is established, re-established or reset, the state variables are
set to this initial value.

[0037] Returning now to radio communications protocol
shown in FIG. 2, as previously indicated, the service pro-
vided to the upper layer by the second layer L.2 in the control
plane is defined as a signaling radio bearer (SRB). In
operation, all RRC messages are exchanged between the
terminal and the RNC through the signaling radio bearers
SRBs. Using the RRC messages, the RNC can setup,
modify, and release the radio bearers as needed in order to,
for example, perform an SRNS relocation procedure, the
details of which are described in greater detail below.

[0038] Signaling radio bearer (SRB) characteristics as
previously indicated are determined based on the mode of
operation of the RLC and the type of logical channel used.
A common control channel (CCCH) and dedicated control
channel (DCCH) are used for the SRBs. CCCH is a logical
channel carrying common control information to several
terminals. Since CCCH is a common logical channel, CCCH
contains a UTRAN radio network temporary identity
(U-RNTI) to identify a specific terminal. The DCCH is a
logical channel carrying dedicated control information to a
specific terminal.

[0039] The characteristics of each type of SRB are as
follows.

[0040] SRBO: For the uplink (UL) TM RLC is used, and
for the downlink (DL)UM RLC is used. The logical channel
used for the SRBO is CCCH.

[0041] SRB1: UM RLC is used, and the logical channel is
DCCH.

[0042] SRB2: AM RLC is used, and the logical channel is
DCCH. The SRB2 carries only the messages generated in
the RRC layer. The SRB2 does not carry the upper layer
messages.

[0043] SRB3: AM RLC is used, and the logical channel is
DCCH. The SRB3 carries the messages received from the
upper layer.

[0044] SRB4: AM RLC is used, and the logical channel is
DCCH. The SRB4 also carries the messages received from
the upper layer. The difference is that the SRB3 carries
higher priority messages while the SRB4 carries lower
priority messages.

[0045] SRBS5-31: TM RLC is used, and the logical channel
is DCCH. These SRBs are optionally used.
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SRNS Relocation Procedure

[0046] FIG. 5 is a diagram showing how a serving radio
network sub-system (SRNS) procedure may be performed in
a packet-switching based service domain. As shown, this
procedure involves changing the RNS serving a user termi-
nal from one RNS (or RNC) to another. When making this
change, it is preferable to establish the shortest route
between the terminal and core network by changing the Iu
connection point. As is further shown, changing the Iu
connection point may in some instances cause the core
network to switch from one SGSN (Old SGSN) to another
(New SGSN) for purposes of performing communications
with the user terminal. The SRNS relocation procedure may
also be performed in the circuit-switching based service
domain.

[0047] An SRNS relocation procedure may be performed
for at least the following reasons:

[0048] Connection Point Change: Relocation is per-
formed to move the UTRAN to a CN connection
point at the UTRAN side from the source RNC to the
target RNC.

[0049] Combined Hard Handover: Relocation is per-
formed to move the UTRAN to a CN connection
point at the UTRAN side from the source RNC to the
target RNC, while performing a hard handover
decided by the UTRAN.

[0050] Combined Cell/URA Update: Relocation is
performed to move the UTRAN to the CN connec-
tion point at the UTRAN side from the source RNC
to the target RNC, while performing a cell re-
selection in the UTRAN.

[0051] As will be discussed in greater detail, an SRNS
relocation procedure may require the use of different radio
bearers depending upon the mode of operation of the RLC
layer.

[0052] SRNS relocation is usually classified into two
cases: (1) terminal not involved case (Case I) and (2)
terminal involved case (Case IT). In Case I, SRNS relocation
is initiated by a network’s own decision and the terminal
does not know whether the SRNS relocation is performed
until the relocation procedure is terminated. In Case II,
SRNS relocation is initiated as a result of the terminal’s cell
change (e.g., handover) request and the terminal knows the
SRNS relocation at the beginning of the procedure. Though
Cases I and II are different in that one is involved with the
terminal and the other is not, the two cases have no sub-
stantial difference with respect to the SRNS relocation
procedure. A more detailed explanation of this procedure
now follows.

[0053] During the SRNS relocation procedure, various
signaling messages are exchanged between the terminal and
one RNC, between the one RNC and another RNC, and
between one of the RNCs and the core network.

[0054] FIG. 6 shows the exchange of signaling messages
that takes place between the terminal and core network in the
SRNS relocation procedure of the UMTS. In this exchange,
the “source RNC” is the RNC that plays the role of the
SRNC before SRNS relocation and the “target RNC” is the
RNC that plays the role of the SRNC after SRNS relocation.
Likewise, the “old SGSN” is the SGSN before the relocation
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procedure and the “new SGSN” is the SGSN after the
relocation procedure. Though the old and new SGSNs are
shown to be different, the old SGSN and new SGSN may be
the same in certain circumstances. Moreover, the procedure
shown in FIG. 6 may be applied to both Case I and Case II.

[0055] The steps of the SRNS relocation procedure will
now be summarized. In an initial step, step 1, the source
RNC decides to perform an SRNS relocation. Either Case |
or Case II may be used to trigger the relocation procedure.

[0056] In step 2, the source RNC sends a Relocation
Required message to the old SGSN. The Relocation
Required message includes information for performing, for
example, relocation co-ordination, security functionality,
RRC protocol context information, and the terminal capa-
bilities.

[0057] In step 3, the old SGSN determines from the
Relocation Required message if the SRNS relocation is
intra-SGSN or inter-SGSN SRNS relocation. An intra-
SGSN procedure is performed when the old and new SGSNs
are the same, and an inter-SGSN procedure is performed
when the two are different. A Forward Relocation Request
message is applicable only in the case of inter-SGSN SRNS
relocation.

[0058] In step 4, the new SGSN sends a Relocation
Request message to the target RNC so that the necessary
resources are allocated between the target RNC and the new
SGSN. After all necessary resources are successfully allo-
cated, the target RNC sends the Relocation Request
Acknowledge message to the new SGSN.

[0059] In step 5, when a resource for the transmission of
user data between the target RNC and the new SGSN have
been allocated and the new SGSN is ready for SRNS
relocation, the Forward Relocation Response message is
sent from the new SGSN to old SGSN.

[0060] Instep 6, the old SGSN continues SRNS relocation
by sending a Relocation Command message to the source
RNC. The source RNC is ready for forward downlink user
data directly to the target RNC.

[0061] In step 7, when the source RNC is ready for
data-forwarding, it triggers execution of SRNS relocation by
sending a Relocation Commit message to the target RNC.

[0062] In step 8, the source RNC begins to forward data
for the radio access bearers. The data forwarding may be
carried out through the Iu interface, which means that data
is not directly exchanged between the source RNC and the
target RNC but through the core network.

[0063] Instep 9, the target RNC sends a Relocation Detect
message to the new SGSN. When the Relocation Detect
message is sent, the target RNC starts SRNC operation.

[0064] Instep 10, the target RNC sends a UTRAN mobil-
ity information (Case I) message or a Cell/lURA (UTRAN
registration area) update (Case II) message to the terminal.
Both messages contain terminal information elements and
core network information elements. The terminal informa-
tion elements include new U-RNTI used for the identifica-
tion of the terminal in the target RNC. The core network
information elements include location area identification
and routing area identification information.
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[0065] Upon receipt of the UTRAN Mobility Information
message the terminal can start sending uplink (UL) user data
to the target RNC. When the terminal has reconfigured itself,
it sends the UTRAN Mobility Information Confirm message
to the target RNC. This indicates that the terminal is also
ready to receive downlink (DL) data from the target RNC.

[0066] In step 11, upon receipt of the Relocation Detect
message the core network switches the user plane from
source RNC to target RNC. In the case of an inter-SGSN
SRNS relocation, the new SGSN sends Update PDP Context
Request messages to the GGSNs concerned. The GGSNs
update their PDP context fields and return an Update PDP
Context Response.

[0067] In step 12, when the target RNC receives the
UTRAN Mobility Information Confirm message, (i.e., the
new U-RNTI is successfully exchanged with the terminal by
the radio protocols), the target RNC sends the Relocation
Complete message to the new SGSN. The purpose of the
Relocation Complete message is to indicate by the target
RNC completion of the relocation of the SRNS to the core
network. In the case of an inter-SGSN SRNS relocation, the
new SGSN signals the old SGSN of the completion of the
SRNS relocation procedure by sending a Forward Reloca-
tion Complete message.

[0068] Instep 13, upon receiving the Relocation Complete
message or the Forward Relocation Complete message, the
old SGSN sends an Iu Release Command message to the
source RNC so that the Iu connection between the source
RNC and the old SGSN is released.

[0069] FIG. 7 shows the steps of the SRNS relocation
procedure including the exchange of RRC messages
between the UTRAN and the terrminal. In this figure, RRC
messages are transmitted at steps 1, 7, and 8, and the
UTRAN can ecither be the source RNC or target RNC
depending on the case. Also, UE refers to user equipment
and therefore may include a user terminal. The RRC mes-
sages transmitted in this procedure are described as follows.

[0070] (1) Cell Update message and Cell Update Confirm
message: When the terminal moves to a new cell, a Cell
Update message is sent from the terminal to the UTRAN. If
the UTRAN decides to perform SRNS relocation, the target
RNC sends the Cell Update Confirm message to the terminal
as a response to the Cell Update message. The Cell Update
Confirm message contains the new U-RNTI, which indicates
to the terminal the SRNS relocation procedure being per-
formed. The Cell Update message is transmitted through
SRBO using TM RLC, and the Cell Update Confirm mes-
sage is through either SRBO or SRB1 using UM RLC.

[0071] (2) URA Update message and URA Update Con-
firm message: A URA (UTRAN registration area) is an arca
comprised of one or several cells, and is internally known to
the UTRAN. The URAs may partially overlap in order to
prevent a ping-pong effect of the terminal. Therefore, one
cell can belong to one or more URAs. The terminal knows
the current URA identity from the URA list broadcast in
each cell and performs the URA update procedure whenever
the URA is changed.

[0072] The URA update procedure is initiated when the
terminal sends the URA Update message to the UTRAN.
The UTRAN transmits the URA Update Confirm message in
response to the URA Update message to the terminal, in
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order to inform the terminal of the new URA identity. The
URA Update Confirm message includes a new U-RNTI
which is the same as in the Cell Update Confirm message.
The URA Update message is transmitted through SRBO
using TM RLC, and the URA Update Confirm message is
transmitted through SRB0O or SRB1 using UM RLC.

[0073] (3) UTRAN Mobility Information message and
UTRAN Mobility Information Confirm message: The
UTRAN Mobility Information message is used when the
UTRAN assigns a new U-RNTI to the terminal or when
mobility information is transmitted. The terminal transmits
UTRAN Mobility Information Confirm message in
response. After successfully transmitting the UTRAN
Mobility Information Confirm message, the target RNC and
the terminal establish/re-establish the PDCP and RLC enti-
ties using CPDCP-CONFIG-Req and CRLC-CONFIG-Req
commands, respectively. The UTRAN Mobility Information
message is transmitted through SRB1 using UM RLC or
SRB2 using AM RLC. The UTRAN mobility Information
Confirm message is transmitted through SRB2 using AM
RLC.

Ciphering

[0074] The SRNS relocation procedure has been described
in terms of the steps taken in both the UMTS system and the
UTRAN. From this description, it is clear that the SRNS
relocation procedure is primarily based on the exchange of
messages between the terminal and RNC, and between the
RNC and the core network. Among these messages, RRC
messages exchanged between the terminal and the RNC are
usually ciphered for the sake of security.

[0075] In some cases, the ciphered RRC messages cannot
be deciphered in the receiver because the ciphering param-
eters are different between the terminal and the UTRAN. In
order to gain a better understanding of this problem, the
ciphering method in general must first to be considered.

[0076] Ciphering is a method which prevents unautho-
rized access of data, for example, as a result of eavesdrop-
ping. Because unique ciphering parameters exist between
the terminal and the RNC, a user who does not know the
ciphering parameters cannot decipher the data.

[0077] The ciphering method adopted by the 3GPP is
performed in the RLC layer or the MAC layer according to
the RLC mode of operation. That is, when the RL.C mode is
AM or UM, ciphering is performed in the RLC layer. When
the RLC mode is TM, ciphering is performed in the MAC
layer. Preferably, in this system ciphering is applied only for
the DCCH and DTCH channels.

[0078] During this ciphering method, a MASK used for
ciphering is generated based on various input parameters.
The MASK is then added to RLC PDUs or MAC SDUs to
generate the ciphered data. In the user terminal, the same
MASK is used to decipher the data.

[0079] FIG. 8 shows steps included in the ciphering
process. Here, PLAINTEXT BLOCK is the data before
ciphering and KEYSTREAM BLOCK is a ciphering
MASK. The PLAINTEXT BLOCK is ciphered to CIPHER-
TEXT BLOCK through a bit operation with the KEY-
STREAM BLOCK. Then, the ciphered CIPHERTEXT
BLOCK is transmitted to a radio interface. After receiving
the CIPHERTEXT BLOCK, the receiver deciphers it by
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applying the KEYSTREAM BLOCK that is the same
MASK as in the transmitter. That is, if the ciphered data is
extracted during transmission, the data cannot be deciphered
unless the KEYSTREAM BLOCK is known.

[0080] The core technology of ciphering lies in the gen-
eration of the KEYSTREAM BLOCK, i.e. the ciphering
MASK. To achieve effective results, the MASK should have
the following characteristics. First, generation of the MASK
by reverse tracing should be impossible. Second, each radio
bearer RB should have its own MASK. Third, the MASK
should continuously change over time.

[0081] Among the various ciphering algorithms that exist,
a method referred to as F8 has been adopted by 3GPP
communications systems. The F8 algorithm generates the
KEYSTREAM BLOCK using input parameters including:

[0082] CK (Ciphering key, 128 bits): There is one CKg
for a circuit-switching based service domain and one CKpg
for a packet-switching based service domain.

[0083] BEARER (Radio Bearer Identifier, 5 bits): One
value exists for each RB.

[0084] DIRECTION (Direction Identifier, 1 bit): Indicates
the direction of the RB. It is set to 0 for uplink and 1 for
downlink.

[0085] LENGTH (16 bits): Indicates the length of the
KEYSTREAM BLOCK, i.e. the generated MASK.

[0086] COUNT-C (32 bits): A ciphering sequence number.
For RBs using AM or UM RLC, one COUNT-C is used for
each RB. For RBs using TM RLC, one COUNT-C value is
used for all the RBs. Those skilled in the art can appreciate
that the bit and other values provided above are preferred
values and may be changed if desired.

[0087] Among the ciphering input parameters, COUNT-C
is the only time-varying parameter. That is, different
COUNT-C values are used for each PDU. Other ciphering
input parameters are fixed parameters and therefore the same
values may be used for these parameters for all PDUs in a
data stream. The COUNT-C parameter is divided into two
parts: a forward part and a rear part. The forward part
includes a long sequence number and the rear part includes
a short sequence number.

[0088] FIG. 9 shows detailed structures of the COUNT-C
parameter for the various modes of operation of the RLC
layer. The respective structures are as follows:

[0089] TM RILC case

[0090] long sequence number: MAC-d Hyper
Frame Number (HFN) of 24 bits

[0091] short sequence number: Connection Frame
Number (CFN) of 8 bits

[0092] UM RLC case

[0093] long sequence number: RLC Hyper Frame
Number (HFN) of 25 bits

[0094] short sequence number:
Sequence Number (SN) of 7 bits

[0095] AM RLC case

[0096] long sequence number: RLC Hyper Frame
Number (HFN) of 20 bits

RLC UM
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[0097] short sequence number: RLC AM Sequence
Number (SN) of 12 bits

[0098] The CFN is a counter for synchronizing the trans-
port channels of the MAC layer between the terminal and the
UTRAN. The CFN may have a value between 0 and 255 and
it increases by one for each radio frame (10 ms).

[0099] The RLC SN is a sequence number used for
identifying each RLC PDU. For UM RLC, the RL.C SN has
a value between 0 and 127 (7 bits). For AM RLC, the RLC
SN has a value between 0 and 4095 (12 bits). The RLC SN
increases by 1 for each RL.C PDU.

[0100] Since a short sequence number is too short to be
used alone for COUNT-C, a long sequence number known
as HFN is added in front of the short sequence number. More
specifically, the HFN corresponds to the MSBs (Most Sig-
nificant Bits) and short sequence number corresponds to the
LSBs (Least Significant Bits) of the COUNT-C. Therefore,
HFN is increased by 1 when the short sequence number
wraps around to 0. The adjustment of this HFN is one of the
factors which causes ciphering problems to occur in related
art systems, details of which will now be discussed.

Drawbacks of Related-Art SRNS Relocation
Procedures

[0101] Ciphering problems are usually caused when the
HFNs become out of synchronization between the RLC
entities of the terminal and the RNS (or RNC) in the
UTRAN. This synchronization problem is mainly attribut-
able to the COUNT-C parameter. More specifically, as
previously discussed, all ciphering parameters except
COUNT-C are fixed parameters and therefore may remain
synchronized throughout the connection. The short sequence
number (i.e. the LSBs of the COUNT-C) is also synchro-
nized because, for TM RLC, the CEN is known to both the
terminal and the UTRAN and, for UM and AM RLC, the
RLC SN is included in the PDU header and transmitted
through the radio interface. For TM RLC, the long sequence
number corresponding to HEN is also synchronized because
the CFN is calculated from the SFN (System Frame Num-
ber) which is continuously broadecast in a cell. For UM and
AM RLC, however, the HFN is sometimes out-of-synchro-
nization due to lost or re-transmitted RLC PDUs. This
condition is explained in greater detail below.

[0102] Under normal conditions, the HFN is never
exchanged and is locally managed by the terminal and the
UTRAN. The locally managed HFNs may become out-of-
synchronization for UM and AM RLC modes when RLC
PDUs are lost or re-transmitted, as previously mentioned. If
the HFN values managed by the terminal and the UTRAN
become different, then the MASKSs used in the terminal and
the UTRAN also become different. As a result, the ciphered
data cannot be deciphered in the receiver. Thus, once the
HFNs become out-of-synchronization, data transmission
cannot be successfully performed until the HFNs are syn-
chronized.

[0103] The problems in the related-art SRNS relocation
procedure are caused when this ciphering problem (i.e.,
unsynchronized HFNs) arises in UM and AM RLC opera-
tion. In FIG. 7, these problems affect steps 7 and 8. The
manner in which the steps are adversely affected will now be
described in detail. (Note that step 1 has no ciphering
problem since the RRC message is transmitted using TM
RLO).
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Problems in Step 7

[0104] In Case I (UE not involved) and Case II (UE
involved), RRC messages are transmitted to the terminal
using an appropriate serving radio bearer SRB. The RLC
layer in the target RNC is newly generated and the status
variables and timers are initialized. As a result of this
initialization, the sequence number of the RL.C PDU trans-
mitted from the RLC layer in the target RNC to the terminal
is initialized to O (zero). The terminal RLC layer, however,
may be expecting the next PDU it receives to have a
different sequence number. The possible problems in trans-
mitting RRC messages resulting from this discrepancy will
be described for each of these cases.

[0105] (1) UTRAN Mobility Information Message is
Transmitted Through SRBI1: In this case, the relocation
procedure is performed during a UM RLC mode of opera-
tion. During this procedure, the UTRAN HFN is transferred
from the source RNC to the target RNC and the target RNC
transmits a protocol data unit (PDU) including the UTRAN
HFN to the terminal. As previously explained, however,
before the PDU is transmitted its sequence number is
initialized to some number, e.g., zero. In most cases, this
initialized value does not correspond to the sequence num-
ber of the next PDU the terminal expects to receive. As a
result, when the terminal receives the PDU with its initial-
ized sequence number, it concludes that one or more PDUs
have not been successfully received, e.g., there are some
missing PDUs. The terminal will therefore operate based on
the assumption that an RLC sequence-number wrap around
condition has occurred. When this condition is detected, the
transmitter RLC will alter its ciphering information by
incrementing its HFN parameter by one. This presents the
following problem.

[0106] When the relocation procedure caused the serving
RNS (SRNS) to change from the source RNC to the target
RNC, the value of the HFN parameter was not changed. As
a result, the target RNC will transmit PDUs with the original
UTRAN HEN value. The terminal, however, will attempt to
decipher these PDUs with the newly incremented HFN
value. Because the terminal and UTRAN are operating
based on different HEN values, the terminal and UTRAN
(target RNC) are considered to be out of synchronization and
the transmitter will not be able to decipher any PDUs from
the UTRAN.

[0107] (2) UTRAN Mobility Information Message is
Transmitted Through SRB2: In this case, the relocation
procedure is performed during AM RLC mode of operation,
and the terminal RLC only accepts PDUs having sequence
numbers that fall within a valid range, which is maintained
for purposes of efficient management of data re-transmis-
sions. This valid range is defined by the size and position of
a receiving window maintained by the terminal receiver
during AM operation. When the terminal receives RLC
PDUs which lie outside of the receiving window, the ter-
minal just discards these PDUs.

[0108] During the relocation procedure, the next PDU
transmitted to the terminal has a sequence number which has
been initialized to zero. If this sequence number lies outside
of the receiving window of the transmitter, it will be
immediately discarded. However, even if the sequence num-
ber lies within the range of the receiving window, the PDU
will not be able to be deciphered by the transmitter. This is
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because the next sequence number the terminal expects to
receive does not correspond to the sequence number of the
received PDU. The terminal will therefore conclude that
missing PDUs exist and that a wrap-around condition with
respect to PDU sequence numbers has occurred. When this
condition is detected, the transmitter RLC will alter its
ciphering information by incrementing its HFN parameter
by one, thereby causing the HFN of the terminal and the
HFN of the UTRAN to be different. This discrepancy will
prevent the terminal from deciphering any data from the
UTRAN

[0109] (3) Cell/URA Update Confirm Message is trans-
mitted through SRB1: In this case, the relocation procedure
is performed during UM RLC operation. The same problem
occurs as in (1) above, i.e., the RRC messages transmitted
from the target RNC in step 7 cannot be deciphered by the
terminal because of a discrepancy in HFN values which
occurred as a result of the initialization of the sequence
number of the next PDU transmitted from the UTRAN.

[0110] In all the above cases, the terminal and UTRAN
will not be able to communicate after SRNS relocation has
been performed unless and until the out-of-synchronization
problem with regard to their HFNs is resolved. Complica-
tions which arise in connection with Step 8 will now be
discussed.

Problems in Step 8

[0111] In Case I (UE not involved) and Case II (UE
involved), the terminal transmits a UTRAN Mobility Infor-
mation Confirm message through SRB2 when the relocation
procedure is performed during the AM RLC mode of
operation. The similar problems occur as indicated in (2)
above for step 7. The difference is that the roles are reversed,
i.e., the transmitter is the terminal RLC and the receiver is
the target RNC RLC.

[0112] In view of the foregoing considerations, it is clear
that there is a need for an improved system and method for
performing an SRNS relocation procedure in a wireless
communications system, and more specifically one which
efficiently resolves deciphering discrepancies that arise
between transmitting and receiving entities as a result of an
initialization performed during the relocation procedure.

SUMMARY OF THE INVENTION

[0113] An object of the invention is to solve at least the
above problems and/or disadvantages and to provide at least
the advantages described hereinafter.

[0114] Another object of the present invention is to pro-
vide a system and method for performing an SRNS reloca-
tion procedure in a wireless communications system in a
manner which increases transmission efficiency compared
with other systems which have been proposed.

[0115] Another object of the present invention is to
achieve the aforementioned object by efficiently resolving
deciphering discrepancies that arise between transmitting
and receiving entities when an initialization step is per-
formed in the relocation procedure.

[0116] Another object of the present invention is to resolve
these deciphering discrepancies by ensuring that the trans-
mitting and receiving entities operate using the same HFN
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parameter during or immediately after the relocation proce-
dure is performed. By coordinating this information, the
out-of-synchronization problem that other proposed systems
experience is resolved. In accordance with one embodiment,
the transmitting entity may be a UTRAN RNC and the
receiving entity may be a user terminal, otherwise known as
user equipment in the standards developed by the 3GPP,
including but not limited to the universal mobile telecom-
munications system (UMTS) which is one form of IMT-
2000 system. In another embodiment, the transmitting entity
may be the user terminal and the receiving entity may be a
UTRAN RNC. The present invention is also advantageous
because it may be applied to UM and AM modes of RLC
operation.

[0117] The foregoing and other objects of the invention
are achieved by providing a system and method which
performs SRNS relocation in a mobile communication sys-
tem, and more specifically in a serving radio network
sub-system which includes a radio network controller for
managing a radio resource allocated to a terminal in the
mobile communication system. In accordance with one
embodiment, the method includes reserving a requiring
resource in a serving radio network sub-system relocation on
a network; transmitting a radio resource control message
corresponding to the serving radio network sub-system
relocation to the terminal in order that the radio network
controller communicates the terminal, and transmitting a
response radio resource control message corresponding to
the serving radio network sub-system relocation to the radio
network controller to which the radio resource control
message is transmitted.

[0118] The radio network controller transmits data by
setting a corresponding radio link layer and adjusting a
frame number used for ciphering so that the terminal suc-
cessfully restores ciphered data before the radio network
controller transmits the corresponding radio resource control
message to the terminal. The frame number is increased by
1 more than a value used at a present time, and a unit data
of the corresponding radio link layer is transmitted by
ciphering. A radio resource control layer may transmit a
command for setting a link control layer and the frame
number to the corresponding radio link control layer.

[0119] In addition to these steps, an original radio network
controller may perform the role of a serving radio network
controller before the serving radio network sub-system
relocation transfers status information of a radio link control
layer used at a present time to a target radio network
controller. This is performed so that the terminal success-
fully receives a serving radio resource control message
before the target radio network controller transmits a radio
resource control message corresponding to the serving radio
network sub-system relocation to the terminal. The trans-
ferred status information may include a parameter corre-
sponding to the radio link control layer operated in an
unacknowledged mode. Also, a first sequence number of a
unit data of the radio link control layer including the radio
resource control message corresponding to the serving radio
network sub-system relocation transferred from the target
radio network controller to the terminal is transmitted by
being set with a VI(US) of a parameter corresponding the
radio link control layer operated in the unacknowledged
mode.
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[0120] In accordance with another embodiment, the trans-
ferred status information includes a parameter or data cor-
responding to the radio link control layer operated in an
acknowledged mode. Also, a first sequence number of unit
data of the radio link control layer including the radio
resource control message corresponding to the serving radio
network sub-system relocation transferred from the target
radio network controller to the terminal is transmitted by
being set with a VI(US) of a parameter corresponding the
radio link control layer operated in the unacknowledged
mode. The radio link control layer of the target radio
network controller may transmit unit data of the radio link
control layer being transmitting which is transferred from
the original radio network controller.

[0121] The original radio network controller finishes
transmission of the radio resource control message being
transmitting or being waited for being transmitted prior to
transferring parameter corresponding to the radio link con-
trol layer operated in the acknowledged mode.

[0122] The radio link control layer of the target radio
network controller transmits a receiving window movement
command to a radio link control layer of the terminal in
order to prevent a transmission of an unit data of the radio
link control layer having a sequence number below a
sequence number of VT(S)-1. The radio resource control
layer of the target radio network controller indicates the
radio link control layer to start the receiving window move-
ment command in order to transmit the receiving window
movement command.

[0123] In the foregoing embodiments, the radio resource
control layer transfers the parameter or the data transferred
from the original radio network controller to the radio link
control layer. Also, a value of a field of a length indicator of
the unit data of a first radio link control layer including the
radio resource control message transmitted from the target
radio network controller to the terminal after the serving
radio network sub-system relocation indicates an informa-
tion that the unit data of the corresponding radio link control
includes the radio resource control message from a first
portion thereof.

[0124] Inaddition to these features, any one or more of the
embodiments of the present invention may include an ini-
tialization step for the radio link control layer, where a status
variable is initialized and a frame number is synchronized
between the radio link control layer of the terminal and the
radio link control layer of the target radio network controller.
This will enable the terminal to successfully receive the
radio resource control message before the target radio net-
work controller transmits the radio resource control message
corresponding to the serving radio network sub-system
relocation to the terminal. The target radio network control-
ler may transmit an initial unit data to the radio link control
layer of the terminal as a command performing an initial-
ization of the radio link control.

[0125] Further, the radio resource control layer of the
target radio network controller may transfer an initialization
start command to the radio link control layer in order that the
radio link control layer of the target radio controller start in
an initialization process of the radio link control layer.

[0126] The radio link control layers of the target radio
network controller and the terminal are preferably set in
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order to allow the target radio network controller to suc-
cessfully receive the corresponding radio resource control
message before the terminal transmits the radio resource
control message corresponding the serving radio network
sub-system relocation to the target radio network controller.
Here, a frame number may be synchronized during setting of
the radio link control layers of the target radio network
controller and the terminal. A setting of the frame number
may be transferred from an upper layer, and may be per-
formed by increasing frame numbers used in the terminal
and the target radio network controller by 1 (one). Alterna-
tively, setting of the frame numbers used in the radio link
control layer of the terminal and the radio link control layer
of the target radio network controller may be performed by
increasing a larger value among an uplink frame number and
a downlink frame number used in the radio link control layer
of the terminal and the radio link control layer of the target
radio network controller by 1 (one) based on the larger
value.

[0127] The radio resource control layers of the terminal
and the target radio network controller transmit respective
command for a setting/resetting of corresponding radio link
control layers.

[0128] A setting/resetting of a signaling radio bearer and a
radio bearer in the terminal and the target radio network
controller are performed after a process that the terminal
transmits a response radio resource control message corre-
sponding to the serving radio network sub-system relocation
to the target radio network controller. Here, a frame number
in the setting/resetting of the signaling radio bearer and the
radio bearer between the terminal and the target radio
network controller is set to a frame number initial value
included in the response radio resource control message
corresponding to the serving radio network sub-system
relocation transmitted from the terminal to the target radio
network controller. The frame number initial value included
in the radio resource control message may correspond to an
initial value stored in a ciphering module of the terminal
defined in a Universal Mobile Telecommunications System
standard of asynchronous IMT2000 system.

[0129] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The objects
and advantages of the invention may be realized and attained
as particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0130] The invention will be described in detail with
reference to the following drawings in which like reference
numerals refer to like elements wherein:

[0131] FIG. 1 shows a network architecture of a Universal
Mobile Telecommunications System (UMTS);

[0132] FIG. 2 shows a structure of a radio interface
protocol which may be implemented within the UMTS
system,

[0133] FIG. 3 shows a structure of a Protocol Data Unit
(PDU) used in a Radio Link Control (RLC) layer of the radio
interface protocol of FIG. 2;
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[0134] FIG. 4 is an exemplary snapshot of the state of an
AM RLC buffer;

[0135] FIG. 5 is a diagram illustrating the concept of an
SRNS Relocation procedure;

[0136] FIG. 6 is an SRNS Relocation signaling procedure
in UMTS system;

[0137] FIG. 7 is an SRNS Relocation signaling procedure
of a related-art system which includes a UMTS Terrestrial
Radio Access Network (UTRAN);

[0138] FIG. 8 shows a ciphering process performed in the
radio interface protocol of FIG. 2;

[0139] FIG. 9 is the structure of COUNT-C parameter
used within RLC mode;

[0140] FIG. 10 is a flow diagram showing steps included
in a series of embodiments of the method of the present
invention identified as Al and A2 for performing an SRNS
relocation procedure;

[0141] FIG. 11 is a flow diagram showing steps included
in a series of embodiments of the method of the present
invention identified as B1 and B2 for performing an SRNS
relocation procedure;

[0142] FIG. 12 is a flow diagram showing steps included
in a series of embodiments of the method of the present
invention identified as C1, C2, and C3 for performing an
SRNS relocation procedure;

[0143] FIG. 13 is a flow diagram showing steps included
in an embodiment of the method of the present invention
which performs SRNS relocation for the case of lossless
radio bearers; and

[0144] FIG. 14 is a flow diagram showing steps included
in an embodiment of the method of the present invention
which performs SRNS relocation for the case of seamless
radio bearers.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0145] The present invention is a system and method for
performing an SRNS relocation procedure in a wireless
communications system. The relocation procedure is per-
formed in a manner which prevents an out-of-synchroniza-
tion condition from arising between transmitting and receiv-
ing entities. In one embodiment, the invention synchronizes
ciphering information in the transmitting and receiving
entities. By taking these steps, the present invention
improves the reliability and efficiency of communications in
the system. While the invention is suitable for use in a
UMTS system, those skilled in the art can appreciate that the
method may be performed in communications systems
which adhere to other standards and/or protocols.

[0146] The method of the present invention controls the
manner in which information is transmitted between a
receiver and transmitter, and is especially well suited for use
in the non-limiting application of where the transmitter is a
UTRAN and the receiver is a user terminal (or user equip-
ment as it is called by the 3GPP initiative). When applied in
this manner, the steps of the method may differ depending
upon the type of SRNS relocation to be performed and the
mode of operation of the RLC layers of the UTRAN and
user terminal.
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[0147] The SRNS relocation procedure may be classified
into two cases. In Case I, SRNS relocation is initiated by the
core or another network and the terminal is not informed that
relocation is performed until the relocation procedure is
terminated. Case I may therefore be characterized as corre-
sponding to the situation where the terminal is not involved
in making the decision to perform relocation. In Case II,
SRNS relocation is initiated by the user terminal. The
terminal is therefore aware that relocation is being per-
formed at the very start of the procedure. Case II may
therefore be characterized as corresponding to the situation
where the terminal is involved in making the decision to
perform SRNS relocation.

[0148] The various embodiments of the present invention
method may be initially understood by distinguishing them
from the related-art method of FIG. 7. While the present
invention may share some of the steps in the related-art
method, the following discussion makes clear that the
present invention advantageously overcomes the synchro-
nization and other problems that arise in this system. A
description of the related-art system will therefore be ini-
tially be provided.

[0149] Referring to FIG. 7, an initial step of the method
differs depending upon whether the SRNS relocation pro-
cedure is requested by the network (Case I) or user terminal
(Case II). In Case I, the method of the present invention
begins when the network decides to perform SRNS reloca-
tion, i.e., when the UTRAN decides to switch from one RNS
(or a source RNC) to another RNS (or a target RNC) for
purposes of communication with the user terminal. (Step 2).
The network may decide to perform an SRNS relocation
based on any one of a variety of factors. For example,
relocation may be desirable to reduce the amount of traffic
being handled by the source RNC, to locate a shorter or more
efficient communications path for purposes of handling a
call with the user terminal, or other reasons which may be
understood by those skilled in the art.

[0150] In Case II, the method of the present invention
begins when the user terminal transmits an RRC message in
the form of a Cell/URA Update message to the source RNC.
(Step 1). This message includes a request for changing the
SRNS of the UTRAN. Such a message may be transmitted,
for example, when the user terminal moves to a new cell
within the wireless system, e.g., when a handoff operation is
imminent or required. At this time, the network may decide
whether to favorably respond by satisfying the request or
may immediately respond.

[0151] The second through fifth steps are commonly per-
formed for Cases I and II. In the second step, relocation
preparation is performed. (Step 3). This involves forwarding
relevant parameters for communicating with the user termi-
nal from the source RNC to the target RNC through an RRC
information container. This container includes, for example,
ciphering information (e.g., downlink HFN and uplink HFN
parameters) for signaling radio bearers, as well as radio
resources including new RABs for purposes of changing the
serving RNS from the source RNC to the target RNC. The
type of radio bearers reserved in this step depends on
whether AM or UM RLC mode is being supported in the
UTRAN. If AM mode is supported, one or more lossless
radio bearers are reserved so that lossless SRNS relocation
may be performed. If UM mode is supported, one or more
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seamless radio bearers are reserved so that scamless SRNS
relocation may be performed.

[0152] The third step includes receiving an RANAP Relo-
cation Command from the core network, and more specifi-
cally from an existing SGSN in the core network. (Step 4).
The existing SGSN may be referred to as the “old SGSN,”
and if relocation results in requiring a change of SGSNs
(which may not always be the case) a “new SGSN” will be
assigned after relocation. The Relocation Command informs
the source RNC of the RABs to be released and the RABs
that are subject to data forwarding in connection with the
relocation procedure. Lossless SRNC (performed for AM
RLC operation) may be configured for RABs subject to data
forwarding. The PDCP layer supports PDCP sequence num-
bering when lossless SRNS relocation is supported.

[0153] The fourth step includes transmitting a Relocation
Commit message from the source RNC to the target RNC.
(Step 5). In this step, for the affected radio bearers, the
source RLC is stopped and the PDCP transmission sequence
numbers are retrieved by the RRC. The PDCP of the source
RNC transfers the sequence numbers and other information
for communicating with the user terminal to the target RNC.

[0154] The fifth step includes transmitting an RANAP
Relocation Detect message from the target RNC to the
source RNC. (Step 6). When this message is received, the
target RNC becomes the serving RNC. A corresponding
change from the old SGSN to the new SGSN may be
performed at this time. After these steps, the relocation has
occurred.

[0155] The sixth step includes transmitting an RRC mes-
sage from the target RNC to the user terminal, and more
specifically to the RRC layer of the user terminal. In Case I,
the RRC message is in the form of a UTRAN Mobility
Information message. In Case II, the RRC message is in the
form of a Cell/lURA Update Confirm message. In each of
these messages, a new U-RNTI is included to inform the
user terminal that an SRNS relocation procedure was per-
formed.

[0156] A seventh step includes calculating a START value
in the user terminal in response to downlink counter syn-
chronization information. The START value is then trans-
mitted from the user terminal to the RRC layer of the target
RNC in an RRC message called a UTRAN Mobility Infor-
mation Confirm message. (Step 7).

[0157] An eighth step includes establishing RLC entities
in the target RNC based on the START value included in the
UTRAN Mobility Information Confirm message. In the
meantime, the user terminal may also re-establish its RLC
entities with the transmitted START value. (Step 8).

[0158] The foregoing description may serve as a frame-
work for the approach taken by the method of the present
invention for overcoming the out-of-synchronization prob-
lem that adversely affects the performance of the related-art
method of FIG. 7. This problem occurs in the sixth step
discussed above.

[0159] In this step, the target RNC transmits an RRC
message either on SRB1 or SRB2 depending upon the case
and the mode of operation of the RLC entities. More
specifically, either a UTRAN Mobility Information message
is sent on an AM/DCCH (SRB2) or UM/DCCH (SRB1), or
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a Cell URA Update Confirm message is sent on UM/DCCH
(SRB1). Although the Cell/URA Update Confirm message
can use UM/CCCH (SRBO), SRNS relocation policy (if
SRNS is relocated before the Cell/URA Update confirmation
is sent, a DCCH should be used to allow ciphering of the
message contents) may require that this message should not
use SRBO in case of SRNS relocation.

[0160] When the steps shown in FIG. 7 are performed,
out-of-synchronization problems arise between the user ter-
minal and UTRAN which prevent communications from
being performed. Some of these problems occurs as follows.

[0161] Problem 1: CL RRC Message is Sent on SRB1
(LIM/DCCH). Before SRNS relocation, the source RNC
may be communicating PDUs with the user terminal based
on synchronized deciphering information. For example, the
source RNC may transmit PDUs based on a downlink HFN
parameter=X and a transmission sequence number corre-
sponding to a state variable VI(US)=50 for UM mode of
operation. Similarly, the user terminal may transmit PDUs
based on an uplink HFN=X and a VR(US)=50. Because the
deciphering information and transmission sequence num-
bers are synchronized, the user terminal and source RNC can
communicate without problems. However, when SRNS
relocation occurs, since the HFN value is transferred from
the source to the target RNC without any additional infor-
mation (e.g., without transmission sequence number infor-
mation in the form of one or more of state variables VIT(US)
or VR(US)), the target RNC establishes a UM RLC entity
with the same deciphering information used by the source
RNC (i.e., DL HFN=X) but with state variable VT(US) set
to a newly initialized value, e.g., zero.

[0162] Accordingly, when the target RNC sends an RRC
message to the user terminal, the user terminal will in most
cases recognize the transmission sequence number in the
RRC message as corresponding to an out-of-sequence num-
ber, because it does not include the sequence number that
follows the last PDU transmitted by the source RNC. When
this occurs (e.g., when the user terminal detects that the
received RRC message has a serial number SN=0), it will
conclude that a new PDU has been received and more
specifically that PDUs having serial numbers of between 50
and 127 are missing. As a result, the user terminal will
increase its HEN to a value of X+1 for purposes of deci-
phering future PDUs. However, the target RNC will con-
tinue to transmit PDUs based on HFN =X. Because there is
a discrepancy in the deciphering information used by the
user terminal and target RNC, the user terminal will not be
able to decipher and thus successfully receive the PDUs
transmitted from the target RNC. This means that the user
terminal cannot receive the RRC message.

[0163] Problem 2: DL RRC Message is Sent on SRB2
(AM/DCCH). Before SRNS relocation, assume that DL
HEN=X and VT(S)=3000 in the source RNC and DL
HFN=X and VR(R)=3000 in the user terminal. Because the
deciphering information and transmission sequence num-
bers are synchronized, the user terminal and source RNC can
successfully communicate. However, when SRNS reloca-
tion occurs, since the HFN value is transferred from the
source RNC to the target RNC without VT(S) indicative of
transmission sequence number, the target RNC will establish
an AM RLC entity with DL HFN=X but with VT(S) set to
an initial value, e.g., VI(S)=0.
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[0164] When the RRC message is sent from the target
RNC to the user terminal, the user terminal will discard the
message if its transmission sequence number (which is zero
in this case) lies outside of the range of the receiving
window. However, even if the sequence number of the RRC
message lies within the receiving window, the user terminal
will consider it to be a new PDU, i.e., that PDUs having
sequence numbers from 3000-4095 are missing. When this
occurs, the user terminal sets its HFN=X+1. As a result, the
deciphering information in the user terminal and target RNC
are different and therefore the user terminal will not be able
to receive the RRC message transmitted from the target
RNC.

[0165] In both problems discussed above (SRB1 or
SRB2), the user terminal in most cases cannot receive the
RRC message transmitted from the target RNC. As a result,
SRNS relocation fails. Of course, it is noted that there is a
slim possibility that the user terminal will be able to receive
the initial RRC message from the target RNC, but this can
only happen when VT(US)=VR(US)=0 or VI(S)=VR(R)=0.
However, even if the initial RRC message from the target
RNC is successfully received and deciphered by the user
terminal, the target RNC will not be able to receive the
UTAN Mobility Information Confirm RRC message trans-
mitted from the user terminal. This message is sent on
AM/DCCH (SRB2), and it cannot be received by the target
RNC because VT(S)=3000 in the user terminal but VR(R)=0
in the target RNC.

[0166] The system and method of the present invention
overcomes these and other problems that arise in the related-
art system as a result of synchronization and transmission
sequence number mis-matches. As the following embodi-
ments will reflect, the target RNC and user terminal will be
controlled to synchronize all information required in order
for a successful relocation procedure to be performed. The
specific embodiments will now be discussed.

[0167] The method of the present invention may be per-
formed differently depending upon whether Case I or Case
I applies. When SRNS relocation is requested by the
network (Case I), the sixth step includes synchronizing
ciphering information in the target RNC to ciphering infor-
mation that is expected to be used in the user terminal. This
synchronization may be performed in view of the following
realization.

[0168] During the relocation procedure, RL.C PDUs trans-
mitted from the target RNC to the user terminal will have
initialized values. For example, the first PDU transmitted
will be given an initial transmission sequence number such
as zero. On the user terminal side, the RLC layer receives
PDUs and orders them based on transmission sequence
number. Since the user terminal was communicating with
the source RNC prior to relocation, the next PDU the RL.C
of the user terminal will expect to receive is one whose
transmission sequence number consecutively follows the
transmission sequence number of the last-received PDU.
The first PDU transmitted from the target RNC in the
UTRAN, however, will have an initialized sequence number
and thus in all probability will not correspond to the
expected number.

[0169] When this occurs once or a predetermined number
of times, the user terminal RLC will conclude that a wrap-
around condition has occurred. When such a condition is
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detected, the RLC of the user terminal will adjust its
deciphering information by changing its HFN parameter to
a new value. This change may involve incrementing the
HFN parameter by 1.

[0170] Inthe related-art method of FIG. 7, the target RNC
did not compensate for this change in deciphering informa-
tion in the user terminal. Instead, PDUs were ciphered using
ciphering information (i.e., the HFN parameter) included in
the RRC information container sent from the source RNC to
the target RNC. As a result, PDUs transmitted from the
target RNC could not be deciphered by the user terminal and
a stall in communications occurred.

[0171] The present invention overcomes this problem by
taking one of several approaches. On approach involves
adjusting ciphering information in the target RNC received
from the source RNC. This adjustment ensures that the target
RNC ciphers PDUs with the same HFN parameter the user
terminal will use during deciphering. Since UTRAN man-
agement software is programmed to know how the user
terminal will adjust its HFN parameter when a PDU having
an out-of-sequence transmission sequence number is
received, the target RNC may cipher the PDUs to be sent to
the user terminal using the same adjusted HFN parameter.
The nature of the adjustment performed by the present
invention depends on whether Case I or II is being observed
and whether the RLCs of the user terminal and target RNCs
are operating in AM or UM mode. The following situations

apply.

A. Downlink RRC Message Sent on SRB1
(UM/DCCH)

[0172] In this case, the RLCs of the target RNC and user
terminal are operating in UM mode. The target RNC sends
an RRC message on a serving radio beater SRB1 (which
corresponds to a UM DCCH channel) to the user terminal.
The following situations apply.

A.1. Target RNC Establishes SRB1 and Increments
DL HFN

[0173] Referring to FIG. 10, the target RNC receives an
RRC information container from the source RNC. The
container includes ciphering information which preferably
includes an HFN parameter which the source RNC was
using to communicate with the user terminal. When the RRC
information container is received, the target RNC incre-
ments the HFN parameter and establishes a new SRBI.
Because the target RNC has foreknowledge of the way in
which the user terminal changes its HFN parameter when a
wrap-around condition occurs or when an out-of-sequence
PDU is received, the target RNC increments its HFN param-
eter in an identical manner. As a result, the PDUs generated
by the target RNC will be ciphered in a way which is
decipherable by the user terminal.

[0174] Once the PDUs have been generated, they are
transmitted from a UM RLC of the target RNC to the user
terminal. The first PDU transmitted includes an initial trans-
mission sequence number, e.g., SN=0. When the user ter-
minal receives the PDUs, the user terminal detects that the
first PDU has an out-of-sequence transmission sequence
number. The user terminal may perform this detection
function by extracting state variable VR(US) from the first
PDU. Since this state variable provides an indication of the
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transmission sequence number that corresponds to this PDU,
a wrap-around or out-of-sequence condition may be
detected. For example, in the case where VR(US) has values
from 0 to 127, the user terminal may determine that PDUs
having the value of the VR(US) in the received PDU to VR
number 127 are missing.

[0175] When this condition is detected, the user terminal
will adjust its HFN parameter, for example, by incrementing
this parameter by 1. Since the PDUs transmitted from the
target RNC were generated and transmitted in accordance
with this same HEN parameter, the PDUs may be deciphered
and communications may take place in spite of the reloca-
tion procedure. By synchronizing the ciphering information
in the user terminal and target RNC, the present invention
advantageously overcomes the out-of-synchronization prob-
lem that occurs in the related-art system of FIG. 7.

[0176] An optional but desirable step involves including a
data start indicator (which may be referred to as Special L1)
in one or more PDUs transmitted from the target RNC to the
user terminal. In accordance with the present invention, the
data start indicator may be incorporated into the PDUs
transmitted by the target RNC over a UM DCCH channel.
The inclusion of this indicator is advantageous. For
example, if the user terminal receives a PDU from the target
RNC without the data start indicator, the user terminal may
consider the PDU to be part of a previous SDU and may just
discard it. When received by the user terminal, the data start
indicator will be interpreted to indicate that the PDU to
which it is attached is not part of a previous SDU. Including
this indicator will therefore ensure that PDUs received from
the target RNC will not be discarded. In order to maximize
transmission efficiency, the first PDU transmitted from the
target RNC (i.e., the PDU having a transmission sequence
number SN =0) preferably includes the Special L1 indicator.

A.2. Source RNC Transfers VI(JS) to Target RNC

[0177] This approach differs from the approach in A.1. in
that instead of incrementing its HFN parameter, the first
PDU transmitted from the target RNC to the user terminal
contains the next transmission sequence number which the
user terminal expects to receive. Thus, the HFN parameter
used by the target RNC and user terminal remains synchro-
nized and therefore data communications may be performed.
A more detailed description of this approach will now be
provided.

[0178] In an initial step, the source RNC delivers an RRC
information container 50 that includes state variable VT(US)
of serving radio bearer SRB1 to the target RNC. State
variable VT(US) is indicative of a transmission sequence
number related to the transmission sequence number of the
last or one of the last PDUs transmitted from the source
RNC to the user terminal. The target RNC uses state variable
VT(US) as a basis for transmitting its first PDU 60 to the
user terminal. For example, if VT(US) corresponds to the
last sequence number transmitted, the target RNC may
increment the transmission sequence number corresponding
to VT(US) by one and then transmit the first PDU containing
this value. When the user terminal receives this PDU, it will
detect that this PDU is has the next-in-sequence number that
it expected and thus no wrap-around or missing PDU
condition will be detected. As a result, the user terminal will
not increment its HFN value as in the previous case; and
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because the PDU was ciphered based on the same HFN
value, the user terminal will be able to decipher it.

[0179] As an alternative to this approach, the VT(US)
variable delivered from the source RNC to the target RNC
may be the next-in-sequence number which the user equip-
ment expects to receive. In this case, the target RNC will
transmit the first PDU with the number corresponding to
VT(US).

[0180] This approach may include a number of additional
steps. First, a new IE (Information element) may be used in
light of the addition of VT(US) of SRBI1 into the RRC
information container.

[0181] Second, the RLC establishment step may be modi-
fied. For example, when the RLC entity is established, all the
state variables may be set to initial values (e.g., 0). As a
result, it may not be possible to establish the UM RLC entity
with VT(US) other than 0. In order to compensate for setting
the state variables to initial values, an establish and modify
procedure should be performed. That is, at first, RLC entity
is established with all the state variables to be 0, at second,
the state variables are modified to be desired values.

[0182] Third, a data start indicator (e.g., Start LI) should
be included in the first UM PDU transmitted from the target
RNC to the user terminal. If the first PDU is transmitted
without this indicator and if, for example, the PDU with
sequence number SN VT(US)-1 is lost, the user equipment
will discard the PDU. Because the user equipment considers
that the PDU contains incomplete SDU a portion of which
may be contained in the former PDU. Including the data start
indicator in the first PDU transmitted from the target RNC
will therefore guarantee that the RRC message will be
received by the user terminal.

B. Downlink RRC Message Sent on SRB2
(AM/DCCH)

[0183] In this case, the RLCs of the target RNC and user
terminal are operating in AM mode. The target RNC sends
an RRC message on a serving radio bearer SRB2 (which
corresponds to an AM DCCH channel) to the user terminal.

B.1. Target RNC Establishes SRB2 and Initializes
RLC RESET Procedure

[0184] Referring to FIG. 11, before sending the RRC
message, the target RNC performs an RLC RESET opera-
tion which involves resetting the transmission sequence
number and state variables to initial values. Preferably at the
same time, the target RNC transmits a Reset PDU 70 to the
user terminal. According to one aspect of the invention, the
Reset PDU is transmitted without being ciphered and has no
transmission sequence number. Consequently, the user ter-
minal will be able to receive the Reset PDU transmitted
through SRB2. Upon receiving the Reset PDU, the user
terminal will reset its state variables and transmission
sequence number to the same initial values set in the target
RNC.

[0185] Because the Reset PDU has no transmission
sequence number, the user terminal will not detect a wrap-
around or out-of-sequence condition when the Reset PDU is
received. Therefore, the HFN parameter in the user terminal
will not be incremented. As a result, the HFN parameter
which the target RNC received from the source RNC and the
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HFN parameter of the user terminal will be the same. And,
since the state variables and transmission sequence numbers
of the target RNC and user terminal have been initialized to
like values, the target RNC and user terminal may success-
fully communication with one another. When reset is com-
pleted in the user terminal, a reset acknowledgment message
Reset ACIK PDU 80 will be transmitted from the user
terminal to the target RNC.

[0186] As an alternative to this embodiment, the Reset
operation performed in the target RNC may cause the HFN
parameter to be incremented. The Reset PDU may then be
modified so that the user terminal increments its HFN value
upon receipt. This may be accomplished, for example, by
transmitting the Reset PDU with an initial or out-of-se-
quence transmission sequence number.

[0187] As a result of the foregoing steps, the HFN param-
eters and transmission sequence numbers of the target RNC
and user terminal will be synchronized. In order to achieve
this synchronization, it is preferable but not necessary to
provide a new trigger for the RLC Reset procedure. More
specifically, under normal operating conditions an RLC
Reset procedure is performed when an RLC protocol error
is detected and/or when one of three trigger conditions
specified in the 3GPP specification is detected. In this
embodiment of the present invention, the Reset procedure
may be performed when a fourth trigger condition is
detected. Referring to the specification, RLC reset procedure
is performed, if one of the following triggers is detected.

[0188] 1) “No_Discard after MaxDAT number of
retransmissions” is configured and VT(DAT) equals
the value MaxDAT;

[0189] 2) VI(MRW) equals the value MaxMRW;

[0190] 3) A STATUS PDU including “erroneous
Sequence Number” is received;

[0191] More specifically, in accordance with an alternative
embodiment of the present invention, a new C-primitive (a
control message from RRC to RLC) and a new trigger in
RLC protocol is used for initiating the Reset procedure.

[0192] During the Reset procedure, at least one additional
step may be performed. In this step, all RLC SDUs in the
user terminal and the target RNC are flushed. Though this
embodiment of the invention requires some time to perform
and may suffer some loss of data, it provides a clear solution
to the problem of unsynchronized ciphering passwords
realized by the related-art system.

B.2. Source RNC Transfers VI(S) to Target RNC

[0193] Referring again to FIG. 11, this embodiment of the
invention is similar to the embodiment discussed in A2
above, except that a different approach is taken to account
for the receiving window in the user terminal and the fact
that RLC PDUs are re-transmitted in the AM operational
mode. Accordingly, other than adjusting the sequence num-
ber of the RLC PDU to be transmitted to the terminal and
synchronizing the HFN value, the target RNC may be
required to consider data units previously transmitted to the
terminal by the source RNC which were not confirmed by
the user terminal. The following steps may be taken to
compensate for this prospective problem.
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[0194] In process step B.2.1., the source RNC transfers a
message 90 containing information related to the setting of
the SRB2 to the target RNC. This information includes the
sequence number, state variable VI(S), and the HFN param-
eter used by the RLC layer of the source RNC, together with
one or more RLLC PDUs or an RRC message that is being
re-transmitted. In process step B.2.2., the target RNC then
transmits one or more PDUs 100 to be re-transmitted to the
user terminal using the information transferred from the
source RNC. As a result, the target RNC will transmit the
PDUs in the same manner and with the same information as
the source RNC.

[0195] As an example, consider the case where the source
RNC transmits its HFN parameter, one or more RL.C PDUs
to be re-transmitted, VI(S) indicating sequence number, and
VT(A) in step Bl of FIG. 11. The target RNC stores the
PDUs from the source RNC after configures the RLC layer
with the received parameters (Step B.2.2 in FIG. 11), and
sends a UTRAN Mobility Information Message with a new
PDU starting with the sequence number corresponding to
VT(S). Because the target RNC can transmit data while
sustaining a re-transmission buffer state of the SRB2 equal
to the re-transmission buffer state of the source RNC, the
user terminal can recover the re-transmitted data from the
target RNC through the SRB2 channel.

[0196] In accordance with another embodiment, the
source RNC delivers VI(S) to the target RNC through an
RRC information container. The target RNC then establishes
SRB2 (AM RLC) with the transferred values and sends an
RRC message to the user terminal with those values. The
user terminal operates in a different manner compared with
A2. because the AM RLC of the terminal receives PDUs
that only lie within a valid range of a receiving window.

[0197] If the transmission sequence number correspond-
ing to variable VT(S) is equal to VR(R), no problem occurs.
But if VTI(S) is larger than VR(R) (mainly due to the
unconfirmed RLC SDUs in the source RLC), the user
terminal will transmit a status PDU to the target RNC
indicating that AMD PDUs from VR(R) to VT(S)-1 are
missing. If appropriate action is not taken, the following
problem may occur: Since VI(A)=VT(S), the target RLC
finds that the received status PDU contains an “erroneous
Sequence Number” and it will initiate a Reset procedure.
The RLC PDUs transmitted before the Reset procedure is
implemented will be lost (note that the RLC buffers may be
flushed during the Reset procedure).

[0198] To guarantee successful transmission, this embodi-
ment of the present invention delivers VT(A) in addition to
VT(S) from the source RNC to the target RNC. The target
RNC then transmits PDUs in SRB2 based on VT(A), VT(S)
and the HFN parameter transferred from the source RNC.
An establish and modify procedure may then be performed
as discussed in connection with the A.2. embodiment of the
invention.

[0199] The RRC message is transmitted by the AMD
PDUs from VT(S). If a status PDU indicating that the user
terminal did not receive the PDUs from VR(R) to VI(S)-1
is transmitted from the terminal to the target RNC, the target
RNC transmits an MRW SUFI message to the user terminal
in order to move the receiver window to VI(S). In order to
implement these features, an additional trigger for transmit-
ting the MRW SUFI message may be used. Consequently, a
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new C-primitive may be implemented along with a new
trigger for performing an SDU discard with explicit signal-
ing procedure.

[0200] In accordance with an alternative embodiment, the
source RNC delivers its HFN value and VT(S) to the target
RNC (Step B.2.1. in FIG. 11), and stops transmitting PDUs
to the user terminal prior to SRNS relocation. In the RLC of
the terminal, the processing of previous RRC messages is
completed. Therefore, the first PDU received after SRNS
relocation includes the UTRAN Mobility Information mes-
sage having the VT(S) value.

[0201] In accordance with another embodiment, the
source RNC delivers its HFN value and VT(S) to the target
RNC (process B.2.1. in FIG. 11). The source RNC then
transmits a command to the user terminal to instruct the RLC
layer of the user terminal to move its receiving window and
to not request re-transmission data. The RRC layer of the
UTRAN may be used to instruct the RLC layer of the source
RNC to transmit this command. Remaining steps of the
method are similar to the embodiment discussed immedi-
ately above, however this embodiment may be implemented
to remove RRC messages before the SRNS is relocated and
for solving the re-transmission problem.

[0202] In any one or more of the B.2. embodiments
discussed above, an optional step of including a data start
indicator in the first PDU transmitted by the target RNC to
the user terminal may be performed. The data start indicator
may be the same type transmitted in the RRC message
transmitted from the target RNC though SRB1 in accor-
dance with the embodiment previously discussed.

[0203] The following example applies: the RLC PDU
corresponding to the sequence number of VI(S)-1 may not
be correctly received. The next RLC PDU transmitted by the
target RNC right after the relocation procedure is performed
may include the data start indicator

[0204] B.3. Do Not Send UTRAN Mobility Information
on SRB2 in Case of SRNS Relocation. From embodiments
B.1. and B.2,, it is clear that the transmission of an RRC
message on SRB2 may be problematic in some respects. In
this B.3 embodiment, embodiment A.1 or A2 may be
implemented without the transmission of UTRAN Mobility
Information on SRB2.

[0205] The embodiments discussed above are all prefer-
ably performed before or during transmission of UTRAN
Mobility Information (Case I) or a Cell/URA Update Con-
firm message (Case II). That is, either type of message can
be received by the user terminal when the A and B embodi-
ments of the invention are performed. Even though the user
terminal may receive downlink RRC messages correctly
from the UTRAN, certain situations may arise which will
prevent the target RNC from receiving a UTRAN Mobility
Information Confirm message from the user terminal in both
Cases I and II. This confirmation message may be sent in
SRB2 (AM/DCCH), but because the VT(S) in the user
terminal and the VR(R) in the target RNC are usually
different (e.g., VI(S)=0, VR(R)=0) a need may arise to
synchronize the HFN and SN values in the user terminal and
target RNC before the UTRAN Mobility Information Con-
firm message is transmitted. The following embodiments of
the present invention address this problem

[0206] C.1. User Terminal Receives Downlink RRC Mes-
sage on SRB1 (UM/CCCH). Referring to FIG. 12, in this
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case only the downlink HFN of SRBI1 is synchronized.
Before transmission of an uplink RRC message (i.c., an
RRC message from the terminal to the target RNC), both the
target RNC and the user terminal should perform operations
110 and 120 which respectively establish and re-establish
SRB2. This includes setting both the target RNC and user
terminal to the same HFN value. These steps may be
accomplished by ciphering a message transmitted from the
user terminal to the target RNC with an incremented HFN
value (e.g., the current value of HFN+1) as is performed in
the case of a combined Hard Handover and SRNS reloca-
tion. Another possible value for HFN is MAX(UL HFN of
SRB2|DL HFN of SRB2)+1. Any value can be used as long
as the user terminal and target RNC have the same HFN.

[0207] C.2. User Terminal Receives Downlink RRC Mes-
sage on SRB2 (AM/DCCH) with a RESET Procedure. If the
user terminal receives a downlink RRC message on SRB2
and the embodiment of B.1 is performed, SRB2 does not
have to be established/re-established after the message is
received. During the Reset procedure, the HEN values in the
user terminal and target RNC (UL and DL HFNs) are
synchronized and the user terminal sends an UL RRC
message to the target RRC without reestablishing SRB2.
After transmission of the UL RRC message, both the user
terminal and the UTRAN should establish/re-establish the
SRBs (except SRB2) and RBs with the START value
included in the UTRAN Mobility Information Confirm
message

[0208] C.3. User Terminal Receives Downlink RRC mes-
sage on SRB2 (AM/DCCH) with an SDU Discard with
Explicit Signaling Procedure. If the user terminal receives a
DL RRC message on SRB2 and the embodiment of B.2. is
performed, only the DL HFN of SRB2 is synchronized.
Since the UL HFN is not synchronized, SRB2 must be
established/re-established in both the user terminal and the
UTRAN. The rest of the procedure is the same as in C.1.
except that DL SRB1 needs to be re-established.

[0209] In one or more of the C embodiments discussed
above, after transmission of the UL RRC message, both the
user terminal and the UTRAN may re-establish/establish the
SRBs (except SRB2) and RBs with a START value which
corresponds to an initial value of the HFN. This may be
accomplished by transmitting the START value in the RRC
message, i.e., the UTRAN Mobility Information Confirm
message. As an example, the START value may be stored in
the upper 20 bits of the HFN. If the size of the HFN exceeds
20 bits, the remaining bits may be initialized to 0. The
START value may correspond to a predetermined value
(which may, for example, be defined in accordance with the
standards developed by the 3GPP) and may be managed by
a ciphering module of the terminal. The START value may
be disconnected from the terminal or may be updated
according to a change in the HFN value during connection.

[0210] It should be noted that the embodiment of C.1. may
be applied for all cases. Though the user terminal receives a
DL RRC message on SRB2 with a Reset Procedure in C.2,
the reestablishment of SRB2 does not create problems in
normal operation. In this case, the HFNs may be updated a
maximum of two times.

[0211] In the foregoing embodiments, it may be preferable
not to include an IE (Information element) “RLC re-estab-
lishment indicator (RB2, RB3, and RB4)” in the Cell Update
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Confirm message. If it is included, the user terminal may
re-establish SRB2, SRB3, and SRB 4 and set their HFN
values to a START value included in the latest transmitted
Cell Update message. Since the user terminal SRB2 is
re-established with this START value, the UTRAN may not
be able to receive a UTRAN Mobility Information Confirm
message (UTRAN SRB2 is established with either HFN+1
or MAX(UL HFN of SRB2 DL HFN of SRB2)+1). It is
further noted that these embodiments may correspond to all
of the SRBs and common RBs. However, for SRB2, because
the HEN value is synchronized before the UTRAN Mobility
Information Confirm message is transmitted, it may not be
necessary to reset the HFN value. Also, while the initial
value for VT(US) has been illustratively discussed as cor-
responding to zero, those skilled in the art can appreciate
that other initial values may be used for this or any other
state variable discussed herein.

[0212] The embodiments of the present invention have
been adopted in the following 3GPP Technical Specifica-
tions which are incorporated by reference herein: Technical
Specification TS 25.303 v3.10.0, Technical Specification TS
25.303 v3.11.0, Technical Specification TS 25.322 v3.9.0,
Technical Specification TS 25.331 v3.9.0, Technical Speci-
fication TS 25.331 v3.10.0, and all updates, revisions, and
modification thereto.

[0213] A re-statement of various embodiments of the
invention as indicated above may be provided as follows.

Combined Cell/ URA Update and SRNS Relocation

(Lossless Radio Bearers)

[0214] The method of the present invention may be initi-
ated by the source RNC deciding to perform an SRNS
relocation. Steps of this method, which have been previously
discussed and are re-stated below, are shown in greater detail
in FIG. 13. Here, Case 1 represents the situation where the
user equipment (UE) is not involved and Case 2 represents
the situation wherein the UE is involved and a Combined
Cell/URA update and SRNS relocation is performed.

[0215] In an initial step, an RANAP Relocation Command
is received by the source RNC from the CN, indicating the
RABs to be released and the RABs that are subject to data
forwarding. Lossless SRNS relocation may be configured
for RABs that are subject to data forwarding. The PDCP
layer supports PDCP sequence numbering when lossless
SRNS relocation is supported.

[0216] For the affected radio bearers, the RLC entity is
stopped and the PDCP sequence numbers are retrieved by
the RRC. The PDCP send and receive sequence numbers are
then transferred in the RNSAP Relocation Commit message
from the source to the target RNC for RABs that support
lossless SRNS relocation. The target RNC becomes the
serving RNC when the RANAP Relocation Detect message
is sent.

[0217] The target RNC then sends a UTRAN MOBILITY
INFORMATION (Case 1) message on SRB#1 (UM/DCCH)
or SRB#2 (AM/DCCH), or a CELL/URA UPDATE CON-
FIRM message (Case 2) on SRB#1 (UM/DCCH), which
configures the UE with the new U-RNTI and indicates the
uplink receive PDCP sequence number for each radio bearer
configured to support lossless SRNS relocation.
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[0218] If SRB#1 is to be used, the target RNC establishes
the UM RLC entity for SRB#1 and the DL. HFN and/or the
VT(US) values are set to the values in the RRC container. In
performing this step, the DL HFN value may be set to the
current DL HEN value incremented by one. In the UM RLC
entity, a “Special LI” is preferably used to indicate that an
RLC SDU begins in the beginning of an RLC PDU.

[0219] If SRB#2 is to be used, the target RNC establishes
the AM RLC entity and the DL and UL HFN values are set
to the current DL and UL HFN values. Before sending a
UTRAN MOBILITY INFORMATION message, the trans-
mitting side of the AM RLC entity initiates RLC RESET
procedure to synchronize the HFN values between the
UTRAN and UE.

[0220] Upon reception by the UE of the message, the UE
compares the uplink receive PDCP sequence number with
the UE uplink send PDCP sequence number. If this confirms
that PDCP SDUs were successfully transferred before the
start of relocation (i.e., already received by the source RNC),
then these are discarded by the UE. The UE reinitializes the
PDCP header compression entities of the radio bearers
configured to use a header compression protocol. The RLC
(e.g.,. AM RLC) entity for SRB#2 is (re-)established both on
the UTRAN and UE sides, and their HFN values are set to
VALUE incremented by one. (Here, VALUE may be defined
as either the current HFN value or MAX (UL HFN of
SRB20 DL HEN of SRB2)).

[0221] 1If the UE has successfully configured itself, it shall
send a UTRAN MOBILITY INFORMATION CONFIRM
message (Case 1 and Case 2). These messages preferably
contain the START values and the downlink receive PDCP
sequence number for each radio bearer configured to support
lossless SRNS relocation.

[0222] Upon reception and acknowledgment by the
UTRAN of the message, the UTRAN compares the down-
link receive PDCP sequence number with the downlink send
PDCP sequence number. The UTRAN initializes the PDCP
header compression entities of the radio bearers configured
to use a header compression protocol. The RLC entities for
affected radio bearers (other than SRB#2) are (re-)estab-
lished both on the UTRAN and UE side. The HFN values for
each RB are preferably set to the START value in the
message for the corresponding CN domain, and all the data
buffers are flushed.

[0223] In case of failure, the UE shall send a UTRAN
MOBILITY INFORMATION FAILURE message (Case 1
and Case 2).

[0224] Upon reception of the UTRAN MOBILITY
INFORMATION CONFIRM/FAILURE (Case 1 and Case
2), the relocation procedure ends.

Combined Cell URA Update and SRNS Relocation

(Seamless Radio Bearers)

[0225] The method of the present invention may be initi-
ated by the source RNC deciding to perform an SRNS
relocation. Steps of this method, which have been previously
discussed and are re-stated below, are shown in greater detail
in FIG. 14. Here, Case 1 represents the situation where the
user equipment (UE) is not involved and Case 2 represents
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the situation wherein the UE is involved and a Combined
Cell/URA update and SRNS relocation is performed.

[0226] In an initial step, an RANAP Relocation Command
is received by the source RNC from the CN, indicating the
RABEs to be released. The source RNC continues the down-
link data transmission on radio bearers supporting seamless
SRNS relocation until the target RNC becomes the serving
RNC. The target RNC becomes the serving RNC when the
RANAP Relocation Detect message is sent.

[0227] The target RNC sends a UTRAN MOBILITY
INFORMATION message (Case 1) on SRB#1 (UM/DCCH)
or SRB#2 (AM/DCCH), or a CELL/URA UPDATE CON-
FIRM message (case 2) on SRB#1 (UM/DCCH), which
configures the UE with the new U-RNTIL.

[0228] If SRB#1 is to be used, the target RNC establishes
the UM RLC entity and the DL HFN value is set to the
current DL HEN value incremented by one. In the UM RLC
entity, a “Special LI” is preferably used to indicate that an
RLC SDU begins in the beginning of an RLC PDU.

[0229] If SRB#2 is to be used, the target RNC establishes
the AM RLC entity and the DL and UL HFN values are set
to the current DL and UL HFN values. Before sending a
UTRAN MOBILITY INFORMATION message, the trans-
mitting side of the AM RLC entity initiates RLC RESET
procedure to synchronize the HFN values between the
UTRAN and UE.

[0230] Upon reception by the UE of the message, the RLC
entity for SRB#2 is (re-)established both on the UTRAN and
UE sides, and their HFN values are set to VALUE incre-
mented by one. (Here, VALUE may be defined as either the
current HFN value or MAX (UL HEN of SRB2|DL HFN of
SRB2)).

[0231] If the UE has successfully configured itself, it shall
send a UTRAN MOBILITY INFORMATION CONFIRM
message (Case 1 and Case 2). These message preferably
contain the START values (to be used in integrity protection
and in ciphering on radio bearers using UM and AM RLC).

[0232] Upon reception and acknowledgment by the
UTRAN of the message, the UTRAN initializes and the UE
re-initializes the PDCP header compression entities of the
radio bearers configured to use a header compression pro-
tocol. The RLC entities for affected radio bearers (other than
SRB#2) are (re-)established both on the UTRAN and UE
side. The HFN values for each RB are preferably set to the
START value in the message for the corresponding CN
domain and all the data buffers are flushed.

[0233] In case of failure, the UE shall send a UTRAN
MOBILITY INFORMATION FAILURE message (Case 1
and Case 2).

[0234] Upon reception of the UTRAN MOBILITY
INFORMATION CONFIRM/FAILURE message (Case 1
and Case 2), the relocation procedure ends.

[0235] 1In the foregoing embodiments, to initiate the
method the UTRAN may transmit a UTRAN MOBILITY
INFORMATION message to the UE on the downlink DCCH
using AM or UM RLC. In the case of SRNS relocation, the
message may be sent using UM RLC only.
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Signaling Radio Bearers/RRC Connection Mobility
Procedures

Cell and URA Update Procedures

[0236] When an RRC message is transmitted in DL on
DCCH or CCCH or SHCCH using RLC UM, RRC will
preferably indicate to the RLC that a special RLC length
indicator should be used. The UE may assume that this
indication has been given. The special length indicator
indicates that an RLC SDU begins in the beginning of an
RLC PDU.

[0237] Reception of a CELL UPDATE/URA UPDATE
message by the UTRAN based on such a special length
indicator will now be discussed in accordance with one
embodiment of the present invention. When the UTRAN
receives a CELL UPDATE/URA UPDATE message, the
UTRAN:

[0238] 1> in the case where the procedure was trig-
gered by reception of a CELL UPDATE:

[0239] 2> if SRNS relocation was performed:

[0240] 3> transmit a CELL UPDATE CON-
FIRM message on the downlink DCCH

[0241] 2> otherwise:

[0242] 3> update the START value for each CN
domain as maintained in UTRAN with
“START” in the IE “START list” for the CN
domain as indicated by “CN domain identity”
in the IE “START list”;

[0243] 3> if this procedure was triggered while
the UE was not in CELL_DCH state, then for
each CN domain as indicated by “CN domain
identity” in the IE “START list”;

[0244] 4> set the 20 MSB of the MAC-d HFN
with the corresponding START value in the
IE “START list”;

[0245] 4> set the remaining LSB of the
MAC-d HFN to zero.

[0246] 3> transmit a CELL UPDATE CON-
FIRM message on the downlink DCCH or
optionally on the CCCH but only if ciphering is
not required; and

[0247] 3> optionally include the IE “RLC re-
establish indicator (RB5 and upwards” to
request an RLC reestablishment in the UE, in
which case the corresponding RLC entities
should also be re-established in UTRAN,; or

[0248] 1> in the case the procedure was triggered by
reception of a URA UPDATE:

[0249] 2> if SRNS relocation was performed:

[0250] 3> transmit a URA UPDATE CONFIRM
message on the downlink DCCH

[0251] 2> otherwise:

[0252] 3> transmit a URA UPDATE CONFIRM
message on the downlink CCCH or DCCH
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[0253] 2> include the IE “URA identity” in the
URA UPDATE CONFIRM message in a cell
where multiple URA identifiers are broadcast, or

[0254] 1> initiate an RRC connection release proce-
dure by transmitting an RRC CONNECTION
RELEASE message on the downlink CCCH. In
particular, the UTRAN should:

[0255] 2> if the CELL UPDATE message was sent
because of an unrecoverable error in RB2, RB3, or
RB4:

[0256] 3> initiate an RRC connection release
procedure by transmitting an RRC CONNEC-
TION RELEASE message on the downlink
CCCH.

Reception of CEFLL UPDATE CONFIRM/URA
UPDATE

CONFIRM Message by the UE

[0257] When the UE receives a CELL UPDATE CON-
FIRM/URA UPDATE CONFIRM message; and

[0258] if the message is received on the CCCH and IE
“U-RNTI” is present and has the same value as the variable
U_NTI or

[0259]
may:

[0260] if the CELL UPDATE CONFIRM message
includes the IE “RLC reestablish indicator (RB2,
RB3, and RB4)”;

[0261] reestablish the RLC entities for signaling
radio bearer RB2, signaling radio bearer RB3 and
signaling radio bearer RB4 (if established);

[0262] if the value of the IE “Status” in the variable
CIPHERING_STATUS of the CN domain stored in
the variable LATEST CONFIGURED_CN_DO-
MAIN is set to “Started”;

[0263] set the HEN values for AM RLC entities with
RB identity 2, RB identity 3 and RB identity 4 (if
established) equal to the START value included in
the latest transmitted CELL UPDATE message for
the CN domain stored in the variable LATEST-
_CONFIGURED_CN_DOMAIN;

if the message is received on DCCH; the UE

[0264] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present invention. The present teaching can be readily
applied to other types of apparatuses. The description of the
present invention is intended to be illustrative, and not to
limit the scope of the claims. Many alternatives, modifica-
tions, and variations will be apparent to those skilled in the
art. In the claims, means-plus-function clauses are intended
to cover the structures described herein as performing the
recited function and not only structural equivalents but also
equivalent structures.

What is claimed is:
1. Amethod for performing SRNS relocation, comprising:

receiving in a target RNC radio resource information from
a source RNC, said radio resource information includ-
ing a ciphering parameter;
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modifying the ciphering parameter to coincide with a
deciphering parameter of a user terminal, said deci-
phering parameter corresponding to one the user ter-
minal uses when out-of-sequence data is received;

ciphering a data unit based on the modified ciphering
parameter; and

transmitting the ciphered data unit from the target RNC to
the user terminal.
2. The method of claim 1, wherein the target RNC and the
user terminal are operating in UM mode.
3. The method of claim 2, further comprising:

transmitting the ciphered data unit over a serving radio
bearer SRB1.
4. The method of claim 2, further comprising:

transmitting the ciphered data unit over a UM DCCH

channel.

5. The method of claim 1, wherein said out-of-sequence
data includes data having a transmission sequence number
which does not consecutively follow a transmission
sequence number of a last PDU transmitted from the source
RNC to the user terminal.

6. The method of claim 1, wherein the ciphering param-
eter and said deciphering parameter are HFN parameters.

7. The method of claim 1, wherein said modifying step
includes:

adjusting an HFN wvalue of the ciphering parameter to
equal an HFN value of said deciphering parameter
when said out-of-sequence data is received.
8. The method of claim 7, wherein said adjusting step
includes:

incrementing the HFN value of the ciphering parameter to
equal an incremented value of said deciphering param-
eter.
9. The method of claim 1, wherein the transmitting step
includes:

transmitting a data start indicator with the ciphered data

unit.

10. The method of claim 9, wherein said data start
indicator indicates that the ciphered data unit is not included
as part of an SDU previously transmitted to the user termi-
nal.

11. A method for performing SRNS relocation, compris-
ing:

receiving in a target RNC radio resource information from
a source RNC; and

transmitting a data unit from the target RNC to a user
terminal, said data unit including a transmission
sequence number which consecutively follows a trans-
mission sequence number of a data unit last transmitted
from the source RNC to the user terminal.

12. The method of claim 11, further comprising:

ciphering the data unit before said transmitting step.
13. The method of claim 12, wherein the ciphering step
includes:

ciphering the data unit with a same ciphering parameter
the user terminal used to decipher a data unit transmit-
ted from the source RNC to the user terminal.
14. The method of claim 13, wherein said same ciphering
parameter includes a same HFN value.
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15. The method of claim 11, wherein the target RNC and
the user terminal are operating in UM mode.
16. The method of claim 11, further comprising:

transmitting the data unit over a UM DCCH channel.
17. The method of claim 11, further comprising:

transmitting the data unit over a serving radio bearer
SRBI.
18. The method of claim 11, wherein the transmitting step
includes:

transmitting a data start indicator with the data unit.

19. The method of claim 18, wherein said data start
indicator indicates that the data unit is not included as part
of an SDU previously transmitted to the user terminal.

20. A method for performing SRNS relocation, compris-
ing:

resetting transmission information of a target RNC; and

transmitting a message instructing a user terminal to reset
reception information to values which coincide with
said reset transmission information of the target RNC.
21. The method of claim 20, wherein said resetting step
includes resetting a transmission sequence number to an
initial value in the target RNC, and wherein said reset
reception information includes a transmission sequence
number of a next-expected data unit set to said initial value.
22. The method of claim 20, wherein said resetting step
includes resetting a state variable to an initial value in the
target RNC, and wherein said message includes information
instructing the user terminal to be set to said state variable.
23. The method of claim 20, wherein said message is an
unciphered message.
24. The method of claim 20, further comprising:

receiving a message from the user terminal indicating that

the user terminal has reset said reception information.

25. The method of claim 20, wherein said resetting step
includes setting a ciphering parameter to an initial value, and
wherein said reset reception information includes a deci-
phering parameter which coincides with the initial value of
said ciphering parameter.

26. The method of claim 25, wherein said ciphering
parameter and said deciphering parameter include a same
HFN value.

27. The method of claim 20, wherein said resetting step
includes flushing SDUs in the target RNC and wherein said
message instructs the user terminal to flush SDUs.

28. The method of claim 20, further comprising:

transmitting a data unit from the target RNC to the user
terminal over a serving radio bearer SRB2.
29. The method of claim 20, wherein the target RNC and
the user terminal are operating in AM mode.
30. The method of claim 29, further comprising:

transmitting a ciphering parameter and transmission
sequence number information from a source RNC to
the target RNC, wherein said ciphering parameter coin-
cides with a deciphering parameter used in the user
terminal and a ciphering parameter the source RNC
used to transmit a data unit to the user terminal, and
wherein said transmission sequence number informa-
tion is indicative of a next-expected transmission
sequence number in the user terminal.
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31. The method of claim 20, further comprising:

transmitting a data unit from the target RNC to the user
terminal, said data unit including a data start indicator
indicating that the data unit is not included as part of an
SDU previously transmitted to the user terminal.

32. The method of claim 20, further comprising:

transmitting a data unit from the target RNC to the user
terminal over an AM DCCH channel.
33. A method for performing SRNS relocation, compris-
ing:

delivering radio resource information from a source RNC
to a target RNC in a UTRAN, said radio resource
information including:

a) a ciphering parameter the source RNC used to
transmit PDUs to a user terminal, and

b) a transmission sequence number corresponding to
one of a next PDU to be transmitted by the source
RNC to a user terminal or a last PDU that was
transmitted from the source RNC to the user termi-
nal;

generating a PDU/RRC message based on said transmis-
sion sequence number;

ciphering the PDU/RRC message with said ciphering
parameter; and

transmitting the ciphered message from the target RNC to
a user terminal.

34. The method of claim 33, wherein the target RNC and
the user terminal are operating in AM RLC mode.

35. A method for performing a relocation procedure in a
communications system, said communications system
including a transmitter and a receiver; said method com-
prising:

initializing the transmitter to communicate with the
receiver, said initializing step including setting a trans-
mission sequence number to a first value and setting a
deciphering parameter to a second value;

transmitting a PDU including said initial sequence num-
ber and said deciphering parameter from the transmitter
to the receiver;

determining, in the receiver, that the initial sequence
number in the PDU does not equal a next sequence
number expected by the receiver;

setting a deciphering parameter in the receiver to the
second value; and

deciphering the PDU.
36. A transmission unit, comprising:

a target RNC which receives radio resource information
from a source RNC, said radio resource information
including a ciphering parameter; and

a processor which modifies the ciphering parameter to
coincide with a deciphering parameter of a user termi-
nal, and which ciphers a data unit based on the modified
ciphering parameter; and

a transmitter which transmits the ciphered data unit from
the target RNC to the user terminal, wherein said
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deciphering parameter corresponding to one the user
terminal uses when out-of-sequence data is received.

37. The transmission unit of claim 36, wherein the target
RNC and the user terminal are operating in UM mode.

38. The transmission unit of claim 37, wherein the trans-
mitter transmits the ciphered data unit over a serving radio
bearer SRB1.

39. The transmission unit of claim 36, wherein the trans-
mitter transmits the ciphered data unit over a UM DCCH
channel.

40. The transmission unit of claim 36, wherein said
out-of-sequence data includes data having a transmission
sequence number which does not consecutively follow a
transmission sequence number of a last PDU transmitted
from the source RNC to the user terminal.

41. The transmission unit of claim 36, wherein the cipher-
ing parameter and said deciphering parameter are HFN
parameters.

42. The transmission unit of claim 36, wherein said
processor adjusts an HFN value of the ciphering parameter
to equal an HFN value of said deciphering parameter when
said out-of-sequence data is received.

43. The transmission unit of claim 42, wherein said
processor increments the HEN value of the ciphering param-
eter to equal an incremented value of said deciphering
parameter.

44. The transmission unit of claim 36, wherein the trans-
mitter transmits a data start indicator with the ciphered data
unit.

45. The transmission unit of claim 44, wherein said data
start indicator indicates that the ciphered data unit is not
included as part of an SDU previously transmitted to the user
terminal.

46. A transmission unit, comprising:

a target RNC which receives radio resource information
from a source RNC; and

a transmitter which transmits a data unit from the target
RNC to a user terminal, said data unit including a
transmission sequence number which consecutively
follows a transmission sequence number of a data unit
last transmitted from the source RNC to the user
terminal.

47. The transmission unit of claim 46, further comprising:

a processor which ciphers the data unit before transmis-

sion.

48. The transmission unit of claim 47, wherein the pro-
cessor ciphers the data unit with a same ciphering parameter
the user terminal used to decipher a data unit transmitted
from the source RNC to the user terminal.

49. The transmission unit of claim 48, wherein said same
ciphering parameter includes a same HFN value.

50. The transmission unit of claim 46, wherein the target
RNC and the user terminal are operating in UM mode.

51. The transmission unit of claim 46, wherein the trans-
mitter transmits the data unit over a UM DCCH channel.

52. The transmission unit of claim 46, wherein the trans-
mitter transmits the data unit over a serving radio bearer
SRB1.

53. The transmission unit of claim 46, wherein the trans-
mitter transmits a data start indicator with the data unit.

54. The transmission unit of claim 53, wherein said data
start indicator indicates that the data unit is not included as
part of an SDU previously transmitted to the user terminal.
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55. A method for performing SRNS relocation, compris-
ing:
receiving in a target RNC an RNSAP Relocation Commit

message from a source RNC, said message including
an HFN ciphering parameter;

modifying the HFN ciphering parameter to coincide with
an HFN parameter of a UE, said UE HFN parameter
corresponding to one the UE uses when an out-of-
sequence PDCP sequence number is received;

ciphering an RLC PDU based on the modified HFN
ciphering parameter; and

transmitting the ciphered RLC PDUE from the target
RNC to the UE.
56. The method of claim 55, wherein the target RNC and
the UER are operating in UM mode.
57. The method of claim 56, further comprising:

transmitting the ciphered RLC PDU over a serving radio
bearer SRB1.
58. The method of claim 56, further comprising:

transmitting the ciphered RLC PDU over a UM DCCH

channel.

59. The method of claim 55, wherein said out-of-sequence
PDCP sequence number does not consecutively follow a
PDCP sequence number of a last RLC PDU transmitted
from the source RNC to the UE.

60. The method of claim 55, wherein said modifying step
includes:

adjusting a value of the HFN ciphering parameter to equal
a value of said UE HFN parameter when said out-of-
sequence PDCP sequence number is received.
61. The method of claim 60, wherein said adjusting step
includes:

incrementing the HFN ciphering parameter to equal an
incremented value of said UE HFN parameter.
62. The method of claim 55, wherein the transmitting step
includes:

transmitting a START value with the ciphered RL.C PDU,
said START value indicating that the ciphered RLC
PDU is not included as part of an SDU previously
transmitted to the UE.
63. A method of sending information in a mobile radio
communication system comprising:

receiving the information including the numbers related to
a ciphering sequence number and the state variable of
a radio link control entity of a radio network cont roller
which was previously a serving radio network control-
ler of a terminal;

establishing a radio link control entity for sending infor-
mation to said terminal;

setting the state variable of a radio link control entity
synchronized with said received state variable; and

sending a data unit of said information starting with the
state variable to said terminal.
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64. A method of claim 63, further comprising:

setting an indicator indicates that a service data unit
contains the information begins in the beginning of a
data unit of said radio link control entity.

65. A method of claim 63, wherein, one of the state
variables of a radio lin k control entity is the sequence
number of the RLC PDU to be transmitted next time.

66. A method of claim 65, wherein, one of the state
variables of a radio lin k control entity is the most prior
sequence number of the RLC PDU to be retransmitted.

67. A method of claim 64, further comprising; sending an
instruction for moving the receiving window to said termi-
nal.

68. A method of sending information in a mobile radio
communication system comprising:

receiving the instruction which instructs to become the
serving radio network controller of a terminal from
core network with the information including the num-
bers related to a ciphering sequence number;

establishing a radio link control entity for signalling
control information to said terminal;

setting the ciphering sequence number according to said
numbers received from other radio network controller;
setting a length indicator indicates that an RLC SDU
begins in the beginning of an RLC PDU; and

sending information ciphered with the ciphering sequence
number through said radio link control entity to said
terminal.
69. A method of sending information in mobile radio
communication system comprising:

receiving down link radio resource control message on
signalling radio bearer;

checking the serving radio network controller changes;

changing hyper frame number value for another signalling
radio bearer; and

transmitting up link radio resource control message
ciphered with a number from the changed hyper frame
number.

70. A method of claim 69, further comprising:

sending a predetermined value for the hyper frame num-
ber to the serving radio network controller; and

establishing other signalling radio bearers with said pre-
determined value.

71. A method of claim 70, wherein said predetermined
value is the start value of the hyper frame number.

72. A method of claim 69, wherein the changed hyper
frame number value is current value +1.

73. A method of claim 69, wherein the changed hyper
frame number value is the larger value between those of
uplink and downlink +1

#* #* #* #* #*
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F-CCH (chan n,s[n]

F-SHCH (DATA)

(7) ABSTRACT

The invention is a system and a method in a system
including a mobile station (MS), a group of active cells
including a first serving cell (cell a) and a second target cell
(cell b) and a controller of the active cells which switches
forward link transmissions of data packets from the control-
ler (BSC) through the first serving cell to the mobile station
to forward link transmission of data packets from the
controller through a second cell to the mobile station. The
method determines at the mobile station that switching of
forward link transmissions should occur from the first serv-
ing cell to the second target cell while forward link trans-
mission of the data packets through the first serving cell to
the mobile station are occurring; transmitting an indication
to switch the forward link transmission of data packets to the
second target cell b from the mobile station to the controller;
the controller in response to the indication switches the
transmission of data packets from the first serving cell a to
the second target cell b; and the second target cell transmits
the data packets to the mobile station. A cell switch delay,
which may be zero or an integer multiple of a time frame
interval required to transmit a data packet on the forward
link, provides time to ready the second target cell b to begin
transmission of the data packets to the mobile station. The
cell switch delay may be determined or configured by the
network dependent upon the source and target pilots in the
active set are within the same BTS or are in different cells.
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METHOD AND SYSTEM FOR FORWARD LINK
CELL SWITCHING APPROACH WITHOUT ABIS
TRAFFIC FLOODING IN CDMA2000-1X EV-DV
SYSTEM

TECHNICAL FIELD

[0001] This invention relates to wireless high-speed
packet data technology, e¢.g. in CDMA2000 1XxEV-DV and
3GPP HSDPA and more specifically, to improving the cell
switching techniques for forward radio channels.

BACKGROUND ART

[0002] Physical Layer ARQ (HARQ) and cell switching
are two link-adaptation techniques that are employed by the
1xEV-DV forward link standard. Cells are comprised of
base transceiver stations (BTS) in wireless environments
which have lower traffic and sectors, which subtend an
angular portion of a full periphery, such as 120°, in wireless
environments having higher traffic.

[0003] The hybrid automatic repeat request (HARQ) pro-
tocol uses an adaptive automatic repeat request (ARQ)
technique for retransmission combining.

[0004] Cell switching is a handoff technique that allows
the mobile terminal (MS) to identify an optimal serving cell
pilot channel based on C/I measurement with C/I being a
strength ratio of the carrier signal to the interference.

[0005] Inthe IXTREME/1XEV-DV proposal, fast cell site
selection (FCSS) is proposed to ensure mobility. When a
mobile moves from one cell to another cell, a central entity
Network Convergence Function (NCF) is used to coordinate
multiple cells in the active set. During soft handoff, a NCF
provides the same data units (PDUs) to all of the cells in the
active set (flooding). However, only one cell delivers the
PDUs to the MS. When the MS moves from one cell to
another in the active set, the MS echoes the most recently
received NCF sequence number so that the new cell can
resume the data transfer without delay.

[0006] 1. FIG. 1 shows an example of a prior art cell
switching operation. Cell a and cell b both are in the MS’s
active set. Prior to switching cell a sends the data frames to
the MS by the Forward Shared Channel (F-SHCH). Upon a
measurement threshold, the MS may decide to request new
cell switching by sending a request on R-CCH to request cell
switching to cell b. The serving

[0007] cell a serves the MS, before the cell switching, with
the forward and reverse link channels. The target cell b is the
cell chosen for the transmission after the cell switching is
completed. An active set for the Forward Packet Data
Channel is updated to cell a based on the pilot strength
feedback from the MS. All cells in the active set (only two
have been illustrated for convenience purposes) are eligible
for forward link cell switching.

[0008] In FIG. 1, the Abis interface (the Abis interface is
between the base station controller (BSC) and the cells)
flooding occurs during, for example, the soft handoff of
1XTREME/1XEV-DV FCSS procedure. This problem sig-
nificantly affects the BSC and cell performance. During soft
handoff, both Abis links between the BSC and cell a and cell
b are active as indicated by the bidirectional arrows ther-
ebetween. Flooding involves substantial transmission over-
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head, memory requirement inside the cells and a centralized
management entity which manages the large sequence frame
numbering.

[0009] After the MS has signalled the BSC with an
indication on R-CCH as indicated in FIG. 1 that the MS
wants to switch receiving forward link transmissions from
cell a to cell be, the BSC transmits the data packets simul-
taneously to both the serving and target cells until handoff is
complete. The simultaneous use of the Abis resources by the
BSC for the serving and target cells and the radio resources
from the serving and target cells is wasteful especially when
data rates are high such as for 1XEV-DV (around 4 Mbps).

DISCLOSURE OF INVENTION

[0010] This invention is to a cell switching technique
which avoids the prior art flooding of the forward link
soft-handoff of FIG. 1. The avoidance of soft handoff
provides the benefits of reducing the Abis interface overhead
and quick resumption of data transfer and saves the radio
resource from being loaded with unnecessary information.
The cell-switching technique of the present invention per-
mits base stations including 1XEV-DV cells to provide data
users with better network resource utilization and quick
resumption of data transfer after switching.

[0011] In a system including a mobile station, cells in an
active set including first serving and second target cells and
a controller of the active cells, a method of switching
forward link transmissions of data packets from the control-
ler through the first serving cell to the mobile station to
forward link transmission of data packets from the controller
through the second target cell to the mobile station in
accordance with the invention includes determining at the
mobile station that switching of the forward link transmis-
sion should occur from the first serving cell to the second
target cell while the forward link transmission of the data
packets through the first serving cell to the mobile station is
occurring; transmitting an indication to switch the forward
link transmission of the data packets from the mobile station
to the controller; the controller, in response to the indication,
switches the transmission of data packets from the first
serving cell to the second target cell; and the second target
cell transmits the data packets to the mobile station. The first
cell may continue transmission of data packets on the
forward link to the mobile station for a cell switch delay time
period measured from the indication to switch until the
completion of the switching. The mobile station may trans-
mit a quality indicator to only the first serving cell during the
cell switch delay which is used by the first serving cell to
control at least one of a power level of transmission or
selection of modulation and a coding type used by the
forward link during the cell switch delay in transmitting data
packets to the mobile station. The mobile station may
transmit acknowledgment information to the first serving
cell during the cell switch delay; and the first serving cell
may retransmit on the forward link during the cell switch
delay packets which were negatively acknowledged. The
acknowledgment information may be either an acknowledg-
ment or a negative acknowledgment that data packets of the
forward link has been received by the mobile station. The
second cell may transmit the data packets to the mobile
station after expiration of a cell switch delay period mea-
sured from the indication to switch until the completion of
the cell switching. The data packets may be transmitted from
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the cells to the mobile station on a forward shared channel
(F-SHCH); and the indication to switch may be transmitted
from the mobile station to the group of active cells on the
reverse control channel (R-CCH) and a quality indicator
may be sent on the reverse control channel to the first
serving cell. F-SHCH may be mapped to a forward packet
data channel (F-PDCH); and R-CCH may be mapped to a
reverse acknowledgment channel (R-ACKCH) and a reverse
channel quality indicator channel (R-CQICH). The cell
switch delay may be one of zero or an integer multiple of a
time frame interval required to transmit a data packet on the
forward link. The cell switch delay may be determined or
configured by the network dependent upon the servicing and
target cells in the active set being between sectors or being
in different base transceiver stations. The indication to
switch may be a Walsh code cover of the second target cell
base transceiver stations. The second target cell switches
transmission of data packets to the mobile station at an end
of a time including an additional time delay measured from
an end of the cell switch delay period.

[0012] Asystem in accordance with the invention includes
a mobile station, cells in an active set including first serving
and second target cells, and a controller of the active cells,
and wherein switching of forward link transmission of data
packets from the controller through the first serving cell to
the mobile station to forward link transmission of data
packets from the controller through the second target cell to
the mobile station occurs by determining at the mobile
station that switching of forward link transmission should
occur from the first serving cell to the second target cell
while forward link transmission of the data packets through
the first serving cell to the mobile station is occurring,
transmitting an indication to switch the forward link trans-
mission of the data packets from the mobile station to the
controller, the controller in response to the indication
switches the transmission of data packets from the first
serving cell to the second target cell and the second target
cell transmits the data packets to the mobile station. The first
serving cell may continue transmission of data packets on
the forward link to the mobile station for a cell switch delay
time period measured from the indication to switch until the
completion of the switching. The mobile station may trans-
mit a quality indicator to only the first serving cell during the
cell switch delay which is used by the first serving cell to
control at least one of a power level of transmission or
selection of modulation and coding type used by the forward
link to the mobile station during the cell switch delay. The
mobile station may transmit acknowledgment information to
the first serving cell during the cell switch delay; and the first
serving cell may retransmit on the forward link during the
cell switch delay packets which were negatively acknowl-
edged. The acknowledgment information may be either an
acknowledgement or a negative acknowledgment that data
packets of the forward link have been received by the mobile
station. The second target cell may transmit the data packets
to the mobile station after expiration of a cell switch delay
period measured from the indication to switch until the
completion of the switch. The data packets may be trans-
mitted from the cells to the mobile station on a forward
shared channel (F-SHCH); and the indication to switch may
be transmitted from the mobile station to the second target
cell on the reverse control channel (R-CCH) and a quality
indicator may be sent on the reverse control channel to the
first serving cell. The cell switch delay may be one of zero
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or an integer multiple of a time frame interval required to
transmit a data packet on the forward link. The cell switch
delay may be determined or configured by the network
dependent upon the source and target pilots in the active set
being between sectors within the same BTS or being in
different base transceiver stations. The indication to switch
may be a Walsh code cover of the second target cell. The
second target cell switches transmission of data packets to
the mobile station at an end of a time including an additional
time delay measured from an end of the cell switch delay
period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram of a prior art forward link cell
switching operation which floods the Abis interface;

[0014] FIG. 2 is a diagram of forward link data transmis-
sion and reverse link feedback during the cell switching
according to an embodiment of the present invention;

[0015] FIG. 3 is a diagram of communications between a
base station controller, a first serving and a second target cell
and a mobile station in accordance with the invention.

[0016] FIG. 4 is a flowchart of a cell processing according
to an embodiment of the present invention; and

[0017] FIG. 5 is a flowchart of a MS processing according
to an embodiment of the present invention.

[0018] Like parts are identified by like identifications
throughout the drawings.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0019] Forward Link Cell Switching

[0020] To reduce the Abis interface overhead during cell
switching the invention:

[0021] 1. Limits the data transfer from the BSC to
only one cell at a time.

[0022] 2. Moves buffered data from the serving (first)
cell to the target (second) cell for fast data recovery
during the switching period.

[0023] 3. Optionally uses a new sequence numbering
format with a bit field of fewer bits than the prior art
or an existing radio link protocol (RLP) sequence
number optionally may be utilized.

[0024] The present invention is useful for IXEV-DV cell
and MS implementation and is also related to 1XEV-DV
standardization.

[0025] MS switching of data reception from cell to cell in
accordance with the invention is described as follows. Each
MS is assigned an active set of cells dynamically by the
network. Data packets are sent on the forward shared
channel (F-SHCH) and acknowledgements are sent on the
reverse control channel (R-CCH). The indication to switch
cells is sent on the R-CCH. For 1IXTREME, R-CCH is
mapped to the “Reverse Acknowledgement Indication
Channel” (R-AISCH) and “Transmit Sector Indicator Chan-
nel” (R-TSICH). For 1xEV-DV, F-SHCH is mapped to the
“Forward Packet Data Channel” (F-PDCH); R-CCH is
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mapped to “Reverse Acknowledgement Channel”
(R-ACKCH); and “Reverse Channel Quality Indicator
Channel” (R-CQICH).

[0026] The table below defines the timing relationships
between T1 and T2 shown in FIG. 2 and described with
reference to FIG. 3.

T1 The MS indicates cell switching to target cell b to invoke a cell
switching procedure.

T2 T1 + CSD where CSD is the cell switching delay required to ready
target cell b for the packet data transmission when the R-CQICH
transmissions are directed to target cell b after T2.

[0027] FIGS. 2 and 3 illustrates the transmission of data
packets and acknowledgements during cell switching in
accordance with the invention. There are three phases during
the transition period:

[0028] 1. Phase 1—Time duration before T1.

[0029] 2. Phase 2—Time duration between T1 and
T2.

[0030] 3. Phase 3—Time duration after T2.

[0031] The table below describes three significant types of
transmissions which head three columns entitled “BSC
Sends Data to”, “MS Receives Data from & Sends CQI” and
“CELL that Decodes ACK/NAK” during the phases 1, 2 and
3 as defined above which row identifications therein.

MS Receives Data

BSC Sends Data from & Sends CQI  CELL that Decodes

to to ACK/NAK Responses
Phase 1 CELL a CELL a CELL a
Phase 2 CELL b CELL a CFLL a
Phase 3 CELL b CELL b CELL b

[0032] Data transmission up to the end of phase 1 at time
T1 when transmission of data packets occurs only to the first
serving cell a. At the beginning of phase 2, the invention
switches data packet transmission to second target cell b thus
eliminating the flooding of the prior art in FIG. 1 when both
Abis resources between the BSC and the first serving and
second target cell are active. During the remainder of phase
2 and through phase 3, the data transmission continues from
the BSC to target cell b. The MS receives data from and
sends CQI to cell a all the way up to the end of phase 2 which
is also the end of the CSD described below at which
transmission is switched to target cell b. The transmission of
CQI up to the end of phase 2 enables cell a to adjust power
level on the forward link to continue to change signal
strength in response to changing conditions or to select
modulation and a coding type used on the forward link.
Decoding of ACK/NAK transmissions occurs at serving cell
a until the end of phase 2 at which time decoding of
ACK/NAK transmissions switches to target cell b. The MS
also receives any pending retransmitted frames from serving
cell a up to the end of the CSD as described below. The
unified sequence number or RLP Sequence Number may be
used by target cell b to continue the new frame transmission
after switching occurs. The frames sent during phase 1
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cannot be retransmitted after entry into phase 3. In that case,
the upper layer (e.g. RLP in the BSC) handles the retrans-
mission of the erroneous frames.

[0033] The data packets are transmitted by the target
(second) cell to the MS after the CSD. The CSD is required
for the target cell to allocate network and radio resources and
for the serving (first) cell to complete any pending data
packet retransmissions and their acknowledgements. The
CSD equals M*Xms where M is zero or a positive integer
and X is a time duration of transmission of a data frame. The
CSD time duration is between when the MS generates an
indication for cell switching from target cell a to serving cell
b is to occur and the time when the forward link packet data
transmission is ready or occurs from the target cell (for
example, cell b). If the target cell is not ready after the
expiration of the CSD due to signaling delay or time latency,
additional handoff delay time may be needed in addition to
the CSD to complete the handoff to the target cell. However,
in this circumstance, the data transmission between the
serving cell and the MS indicated at time T2 at the end of
phase 2 in FIG. 2 is dropped after expiration of the CSD
regardless of whether the handoff is complete. The value of
CSD can be determined or configured by the network
depending upon the serving and target cells in the active set
being between sectors or being in different base transceiver
stations. The additional handoft delay is determined by the
traffic load of the target cell and the transport capacity of the
cells. The indication to switch may be a Walsh code cover
of the second target cell.

[0034] FIG. 3 illustrates the sequence of transmissions
between the BSC, serving cell a and target cell b and the MS.
The forward link and reverse link transmissions occur
between the BSC and the MS through serving cell a through-
out phase 1. The reverse link transmission between the
serving cell a and the BSC are only generally discussed to
the extent necessary to understand the invention. The switch
indication is transmitted from the MS to the active group of
cells indicating that target cell b has been determined by the
MS to be the target cell. The switch indication is represented
by a Walsh cover of the target cell b. A Walsh cover is an
identification of the cell b in the wireless system. Phase 1
ends when the indication to switch to target cell b is received
by the BSC. At the beginning of phase 2, as indicated in the
column of FIG. 2 entitled, “BSC Sends Data to”, the
transmission of forward link data to serving cell a switches
to target cell b without the flooding of the Abis interface of
the prior art. Data packet transmission on the forward link
from serving cell a to the MS and CQI on the reverse link
between the MS and the serving cell a occurs until the CSD
time out at which time all transmissions between serving cell
a and the MS stop. Transmission of the data from target cell
b to the MS should begin at the end of the CSD which is
normally the time for target cell b to be set up as the new
serving cell and to acquire the necessary radio resources. If
the CSD is not sufficient to complete the switch over to
target cell b, nevertheless the MS ceases to receive data
packets from serving cell a and the aforementioned addi-
tional time delay may be necessary to complete switching.

[0035] A New Sequence Numbering Format

[0036] In 1IXTREME MAC layer, a sequence number is
defined for the MuxPDU (Multiplex Sublayer Protocol Data
Unit). This sequence number is used to synchronize buffer
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management and package retransmission during a fast cell
site selection (FCSS). In the prior art 12 bits are defined for
the sequence number. The length of the sequence number is
coincidently the same as the Radio Link Protocol (RLP)
ARQ sequence length. The use of 12 bits may be an over
specification for the purpose of HARQ. If RLP is used for
the data transmission, the RLP sequence number can also be
used for this purpose.

[0037] Since the main purpose of sequence numbering is
to synchronize the serving cell and the target during switch-
ing, the switching period should be fast and completed
within a few frames duration (e.g. 2 frames or Xms). For a
worst case (e.g. 4 HARQ channels and 4 transmissions), 6
bits of sequence number length is sufficient with the switch-
ing sequence of the invention. This length reduction reduces
traffic overhead over the air. Hence, the sequence number
length may be reduced from 12 bits to 6 bits in the
1XEV-DV specifications if the RLP sequence number is not
used.

[0038] The following procedures are used by the cells and
MS according to the present invention.

[0039] Forward Link Cell Switching and Cell Procedures

[0040] The cell defines and initializes the following data
structures. The cell is considered active for a MS when the
cell has the MAC Identifier (MAC_ID) assigned for the MS
and is decoding the signal quality CQI feedback received
from the MS. For example, target cell b in FIGS. 2 and 3
is active in phase 3 and serving cell a is in transition in phase
2 and active in phase 1.

[0041] With reference to FIG. 4, the serving cell a per-
forms the operations therein every Transmission Time Inter-
val (TTI) ms as long as there are packets to transmit. The cell
operation starts at initialization point 20 wherein N=number
of H-ARQ channels, mob_seq_un=unified sequence number
(initialized by BSC), n=current H-ARQ channel being pro-
cessed (initialized to 0) and int s[N]=one-bit H-ARQ chan-
nel sequence number (initialized to ‘0”). The cell operation
proceeds to point 22 where a determination is made if the
cell is active for the MS. If the answer is “no” at point 22,
operation proceeds to point 24, where decoding the CQI and
ACK/NAK sent on R-CCH by the MS occurs and operation
proceeds back to point 22. If the cell is active at point 22,
operation proceeds to point 26 wherein a determination is
made if an ACK/NAK=1" was received from the previous
transmission to the H-ARQ channel n, or if the maximum
number of retransmissions has been exhausted. If the deter-
mination is “yes” at point 26, operation proceeds to point 28
where incrementing of the H-ARQ channel sequence num-
ber s(n) mod 2 and advance mob_seq_un occurs. If the
determination is “no” at point 26, operation proceeds to
point 30 where retransmission of the buffered frame asso-
ciated with the current H-ARQ channel on the F-SHCH
occurs. Operation proceeds from point 28 to point 32
wherein transmission of the encoded and modulated frame
with the sequence number mob_seq_un occurs on F-SHCH.
Operation proceeds from point 32 to point 34, from either of
points 30 or 32 depending upon the previous determinations
made at point 26, where transmission of the current H-ARQ
sequence number s(n) on F-CCH occurs; decoding the
ACK/NAK sent on the Reverse Control Channel from the
MS occurs and incrementing of the H-ARQ channel n=n+1
mod N occurs.
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[0042] Forward Link CSS MS Station Procedures

[0043] The MS runs the operations of FIG. 5 every TTI
ms. The following data structures are defined at initialization
point 50: n=current H-ARQ channel, int s[N]=one-bit
H-ARQ channel sequence number (initialized to ‘1°); float
b[N][Interleaver Size]=H-ARQ channel soft-symbol buffer
(initialized to ‘0’I and d=delay measured in units of TTI ms,
between transmission of a H-ARQ channel on the Forward
Link and the associated acknowledgement on the Reverse
Link. The operation proceeds from initialization at point 50
to point 52 where decoding of the H-ARQ channel n and the
associated sequence numbers [n] received on the Forward
Control Channel (F-CCH) from the active cell occurs. The
operation proceeds from point 52 to point 54 where deter-
mination is made if the H-ARQ channel sequence number
s(n) is the same as the previous transmission. If the answer
is “yes” at point 54, operation proceeds to point 56 where the
received soft-symbols are added with the soft-symbols
stored in b(n). If the answer is “no” at point 54, operation
proceeds to point 58 where the new soft-symbols are stored
into b(n). Operation proceeds form point 56 to point 60
where decoding the frame occurs. Operation proceeds to
point 62 where a determination is made if the cyclic redun-
dancy code is OK. If the answer is “yes” at point 62,
operation proceeds to point 64 where the decoded frame is
passed up to the selection and distributed unit in the BSC
and scheduling of an ACK/NAK=“1" occurs on the Reverse
Control Channel (R-CCH)K*TTI ms frames later where k is
a positive integer. If the answer is “no” at point 62, operation
proceeds to point 66 where the decoded frame and sched-
uling an ACK/NAK=‘0’ on the R-CCH k*TTI ms frames
later occurs. Operation proceeds from points 64 and 66 to
point 68 where any scheduled ACK/NAK is sent on the
R-CCHj; if the MS desires a cell switch, indication of the cell
switching on the R-CCH for the target cell b occurs; if the
MS indicates cell switching, the cells in the active set
monitor of the R-CQICH transmissions for the target cell
Walsh cover; and setting the target cell b to active after CSD,
which is Xms, occurs. Operation then returns to point 52.

[0044] While the invention has been described in terms of
its preferred embodiments, it should be understood that
numerous modifications may be made thereto. It is intended
that all such modifications fall within the scope of the
appended claims.

1. In a system including a mobile station, cells in an active
set including first serving and second target cells and a
controller of the active cells, a method of switching forward
link transmissions of data packets from the controller
through the first serving cell to the mobile station to forward
link transmission of data packets from the controller through
the second target cell to the mobile station comprising:

determining at the mobile station that switching of the
forward link transmission should occur from the first
serving cell to the second target cell while the forward
link transmission of the data packets through the first
serving cell to the mobile station is occurring;

transmitting an indication to switch the forward link
transmission of the data packets from the mobile station
to the controller;
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the controller, in response to the indication, switches the
transmission of data packets from the first serving cell
to the second target cell; and

the second target cell transmits the data packets to the
mobile station.
2. A method in accordance with claim 1 wherein:

the first cell continues transmission of data packets on the

forward link to the mobile station for a cell switch delay
time period measured from the indication to switch
until the completion of the switching.

3. A method in accordance with claim 2 wherein:

the mobile station transmits a quality indicator to only the
first

serving cell during the cell switch delay which is used by
the first serving cell to control at least one of a power
level of transmission or selection of modulation and
coding type used by the forward link during the cell
switch delay in transmitting data packets to the mobile
station.

4. A method in accordance with claim 1 wherein:

the mobile station transmits acknowledgment information
to the first serving cell during the cell switch delay; and

the first serving cell retransmits on the forward link during
the cell switch delay packets which were negatively
acknowledged.

5. A method in accordance with claim 4 wherein:

the acknowledgment information is either an acknowl-
edgment or a negative acknowledgment that data pack-
ets of the forward link have been received by the
mobile station.

6. A method in accordance with claim 1 wherein:

the second cell transmits the data packets to the mobile
station after expiration of a cell switch delay period
measured from the indication to switch until the
completion of the switching.

7. A method in accordance with claim 2 wherein:

the second target cell transmits the data packets to the
mobile station after the expiration of the cell switch
delay.

8. A method in accordance with claim 1 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

9. A method in accordance with claim 3 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and the quality indicator is sent on
the reverse control channel to the first serving cell.
10. A method in accordance with claim 8 wherein:

F-SHCH is mapped to a forward packet data channel
(F-PDCH);
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and R-CCH is mapped to a reverse acknowledgment
channel (R-ACKCH) and a reverse channel quality
indicator channel (R-CQICH).

11. A method in accordance with claim 2 wherein:

the cell switch delay is one of zero or an integer multiple
of a time frame interval required to transmit a data
packet on the forward link.

12. A method in accordance with claim 2 wherein:

the cell switch delay is determined or configured by the
network dependent upon the serving and target cells in
the active set being between sectors or being in differ-
ent base transceiver stations.

13. A method in accordance with claim 1 wherein:

the indication to switch is a Walsh code cover of the
second target cell.
14. A method in accordance with claim 6 wherein:

the second target cell switches transmission of data pack-
ets to the mobile station at an end of a time including
an additional time delay measured from an end of the
cell switch delay period.

15. A system comprising:

a mobile station, cells in an active set including first
serving and second target cells, and a controller of the
active cells, and wherein

switching of forward link transmission of data packets
from the controller through the first serving cell to the
mobile station to forward link transmission of data
packets from the controller through the second target
cell to the mobile station occurs by determining at the
mobile station that switching of forward link transmis-
sion should occur from the first serving cell to the
second target cell while forward link transmission of
the data packets through the first serving cell to the
mobile station is occurring, transmitting an indication
to switch the forward link transmission of the data
packets from the mobile station to the controller, the
controller in response to the indication switches the
transmission of data packets from the first serving cell
to the second target cell and the second target cell
transmits the data packets to the mobile station.

16. A system in accordance with claim 15 wherein:

the first serving cell continues transmission of data pack-
ets on the forward link to the mobile station for a cell
switch delay time period measured from the indication
to switch until the completion of the switching.

17. A system in accordance with claim 16 wherein:

the mobile station transmits a quality indicator to only the
first serving cell during the cell switch delay which is
used by the first serving cell to control at least one of
a power level of transmission or selection of modula-
tion and coding type used by the forward link to the
mobile station during the cell switch delay.

18. A method in accordance with claim 15 wherein:

the mobile terminal transmits acknowledgment informa-
tion to the first serving cell during a cell switch delay;
and

the first serving cell retransmits on the forward link during
the cell switch delay packets which were negatively
acknowledged.
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19. A method in accordance with claim 16 wherein:

the acknowledgment information is either an acknowl-
edgement or a negative acknowledgment that data
packets of the forward link have been received by the
mobile station.

20. A system in accordance with claim 15 wherein:

the second target cell transmits the data packets to the
mobile station after expiration of a cell switch delay
period measured from the indication to switch until the
completion of the switching.

21. A system in accordance with claim 15 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

22. A system in accordance with claim 21 wherein:

F-SHCH is mapped to a forward packet data channel
(F-PDCH); and

R-CCH is mapped to a reverse acknowledgment channel
(R-ACKCH) and a reverse channel quality indicator
channel (R-CQICH).

23. A system in accordance with claim 15 wherein:

the cell switch delay is one of zero or an integer multiple
of a time frame interval required to transmit a data
packet on the forward link.

24. A system in accordance with claim 15 wherein:

the cell switch delay is determined or configured by the
network dependent upon the serving and target cells in
the active set being between sectors or being in differ-
ent base transceiver stations.

25. A system in accordance with claim 15 wherein:

the indication to switch is a Walsh code cover of the
second target cell.
26. A system in accordance with claim 20 wherein:

the second target cell switches transmission of data pack-
ets to the mobile station at an end of a time including
an additional time delay measured from an end of the
cell switch delay period.

27. A method in accordance with claim 4 wherein:

the second cell transmits the data packets to the mobile
station after expiration of a cell switch delay period
measured from the indication to switch until the
completion of the switching.

28. A method in accordance with claim 5 wherein:

the second cell transmits the data packets to the mobile
station after expiration of a cell switch delay period
measured from the indication to switch until the
completion of the switching.

29. A method in accordance with claim 3 wherein:

the second target cell transmits the data packets to the
mobile station after the expiration of the cell switch
delay.
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30. A method in accordance with claim 2 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

31. A method in accordance with claim 4 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

32. A method in accordance with claim 5 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

33. A method in accordance with claim 6 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

34. A method in accordance with claim 7 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

35. A method in accordance with claim 27 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

36. A method in accordance with claim 28 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.
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37. A method in accordance with claim 29 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

38. A method in accordance with claim 7 wherein:

the second target cell switches transmission of data pack-
ets to the mobile station at an end of a time including
an additional time delay measured from an end of the
cell switch delay period.

39. A method in accordance with claim 29 wherein:

the second target cell switches transmission of data pack-
ets to the mobile station at an end of a time including
an additional time delay measured from an end of the
cell switch delay period.

40. A method in accordance with claim 16 wherein:

the mobile terminal transmits acknowledgment informa-
tion to the first serving cell during a cell switch delay;
and

the first serving cell retransmits on the forward link during
the cell switch delay packets which were negatively
acknowledged.

41. A method in accordance with claim 17 wherein:

the mobile terminal transmits acknowledgment informa-
tion to the first serving cell during a cell switch delay;
and

the first serving cell retransmits on the forward link during
the cell switch delay packets which were negatively
acknowledged.

42. A system in accordance with claim 16 wherein:

the second target cell transmits the data packets to the
mobile station after expiration of a cell switch delay
period measured from the indication to switch until the
completion of the switching.

43. A system in accordance with claim 17 wherein:

the second target cell transmits the data packets to the
mobile station after expiration of a cell switch delay
period measured from the indication to switch until the
completion of the switching.

44. A system in accordance with claim 18 wherein:

the second target cell transmits the data packets to the
mobile station after expiration of a cell switch delay
period measured from the indication to switch until the
completion of the switching.

45. A system in accordance with claim 19 wherein:

the second target cell transmits the data packets to the
mobile station after expiration of a cell switch delay
period measured from the indication to switch until the
completion of the switching.

46. A system in accordance with claim 16 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and
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the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

47. A system in accordance with claim 17 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

48. A system in accordance with claim 18 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

49. A system in accordance with claim 19 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

50. A system in accordance with claim 20 wherein:

the data packets are transmitted from the cells to the
mobile station on a forward shared channel (F-SHCH);,
and

the indication to switch is transmitted from the mobile
station to the group of active cells on the reverse control
channel (R-CCH) and a quality indicator is sent on the
reverse control channel to the first serving cell.

51. A method in accordance with claim 2 wherein:

the mobile station transmits acknowledgment information
to the first serving cell during the cell switch delay; and

the first serving cell retransmits on the forward link during
the cell switch delay packets which were negatively
acknowledged.

52. A method in accordance with claim 3 wherein:

the mobile station transmits acknowledgment information
to the first serving cell during the cell switch delay; and

the first serving cell retransmits on the forward link during
the cell switch delay packets which were negatively
acknowledged.

53. A method of switching forward link transmissions of
data packets from the controller through a serving cell to the
mobile station to forward link transmission of data packets
from the controller through a target cell to the mobile station
comprising:

determining at the mobile station that switching of the
forward link transmission should occur from the first
serving cell to the target cell;
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transmitting an indication from the mobile station to the
controller to switch the forward link transmission of the
data packets to the controller;

receiving at the mobile station the data packets from the
serving cell for a time period after the transmission of
the indication; and

receiving at the mobile station the data packets from the
target cell after the time period.
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54. A method in accordance with claim 53 wherein:

the first cell continues transmission of data packets on the
forward link to the mobile station for a cell switch delay
time period measured from the indication to switch
until the completion of the switching.

55. A method in accordance with claim 53 wherein:

the time period is specified by the network.
56. A method in accordance with claim 54 wherein:

the time period is specified by the network.

#* #* #* #* #*
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This article provides an overview of the flexible, high-performance packet data chanael that has been designed for high-rate
packet data scrvices over. 1S-136 TDMA channels. To achieve the highest data rates in the limited 30 kHz channc] bandwidth, the
packet data channel is designed for adaptive modulation and, in addition to a fixed coding mode, permits operation using an
incremental redundancy mode.

GPRS-136: High-Rate V3439
Packet Data Service for North American
TDMA Digital Cellular Systems

XP-000831519

KRISHNA BALACHANDRAN, RICHARD EJZAK, SANJIV NANDA,
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uryent North American time-
division multiple access (TDMA) systems support voice ser-
vices and circuit data services at a rate limited to 9.6 kb/s.
High-rate packet data services are desirable for short bursty
transactions as well as applications such as World Wide
‘Web/Internet access, clectronic mail, and file transfer. This
article provides a general overview of the proposed system,
and describes flexible, bigh-performance medium access con-
trol (MAC) and radio resource management procedures that
have been adopted by the Telecommaunications Industry Asso-
ciation (TIA) for high-rate packet data services over 1S-136
TDMA channcls. The 30 kHz spectrum usage, symbol rate,
and TDMA format (6 time slots every 40 ms) arc maintained
as in the IS-136 standard [1] for compatibility with existing
mobiles and in order to minimize impact on existing infra-
structure. Assuming these constraints, a new TDMA packet
data channel (PDCH) is defined to carry both user data and
information from other higher-layer control and management
entities. -

Current cellular TDMA systems are designed to achieve
good coverage over most of a typical cell, and as a result, the
si_gnal to interference plus noise ratio is sufficient to support
higher data rates through the use of 8- and 16-level modula-
tions over a large portion of a typical ccll. However, current
systems rely on the use of only n/4-differential quadrature
phase shift keying (DQPSK) modulation to achieve modest
data rates over all operating conditions. The packet data
MAC and physical layers are designed to increase throughput
over a significant fraction of the cell area by using coherent 8-
PSK in addition to %/4-DQPSK. The standard is designed to
permit dynamic adaptation of the modulation scheme based
on measured carrier-to-interference fatio (C/T). The modula-
tion schemes are chosen to be the same as those adopted for
voice services in order to simplify the development of dual-
mode (voice and packet data capable) mobile stations. Hooks
are provided ip the standard to support a 16-level modulation
such as'16-quadrature amplitude modulation (QAM), 16-PSK,
or 16-DPSK in the future.

p . ()é’/@gg

Three wireless data infrastructure options were investigat-
ed: Cellular Digital Packet Data (CDPD) infrastructure that is
widely deployed in the United States; Global System for
Mobile Communications (GSM) General Packet Radio Ser-
vice (GPRS) infrastructure that is expected to be deployed
throughout the world in 1999 and 2000; and the third option
considered, an Internet service provider (ISP)-like model with
Point-to-Point Protocol (PPP) tunnels to the Internet or cor-
porate intranets. In order to achicve economics of scale and
simplify cvolution to third-generation systems, thc upper lay-
ers (layer 3 and above) of the packet data protocol stack were
chosen to be the samc as that used by GSM GPRS. GPRS-

. 136 is thus a TDMA packet data standard based on GPRS,

but utilizing 30 kHz for the physical layer and allowing con-
nection 10 the American National Standards Institute (ANSI)-
41 petwork [2). GPRS-136 utilizes most of the existing network
clements from the GPRS network reference model. Tt adds a
gateway-mobile switching center (MSC)/visitor location regis-
ter (VLR) function, which allows connection of the GPRS
packet data network to the ANSI-41 based mobile circuit-
switched network. The relevant GPRS specification docu-
ments can be found in [3-8]).

Another benefit of this choice is that the existing GPRS
standard is used as a bascline, allowing for quick develop-
ment. This also enables evolution to the Enhanced General
Packet Radio Service (EGPRS), which has been proposed to
the International Teclecommunication Union (ITU) as a
third-generation radio transmission technology for Interna-
tional Mobile Telecommunications in the year 2000 (IMT-
2000). The use of EGPRS channels for TOMA packet data |
will be standardized during 1999 and is to be called GPRS-
136HS. . :

Organization of the Article
The following section provides an overview of the scrvice and
network reference model. The GPRS-based protocol stack is
described briefly. Provision of voice/data integration and oper-
ation with half-duplex and full-duplex terminals is di
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The article next describes the logical and physical structure
of the PDCH. The allocation of packet paging and packet
broadcast channels, and PDCH reselection procedures are
described. Multiple-time-siot operation is also discussed. We
then describe the MAC layer and uplink media access control
procedures, including the use of the packet channel feedback
(PCF) mechanism.

The article describes the procedures associated with adap-
tive modulation (DQPSK and coherent 8-PSK), followed by
the incremental redundancy and fixed coding mode radio link
protocols (RLPs). The incremental redundancy mode pro-
vides approximately 15 percent higher throughput at the cost
of additional recciver memory. We provide detailed time slot
formats accommodating the ficlds required by the RLP,
MAC, and physical layers. The last section provides a brief
summary.

GPRS-136 Network
Reference Model and Operation

The Packet Data Nerv_vork Reference Model

The network elements are as follows:

+ Terminal equipment (TE), which typically interfaces with
the user and contains packet data applications.

+ Mobile termination (MT), which interfaces to the TE, and
terminates the radio interface.

» Base station (BS), which constitutes the interface between
the network and mobile station, and transfers packet data
and signaling messages between serving GPRS support
nodes {(SGSNs) and mobile stations in its coverage arca.

« SGSN, a packet data switch that routes data packets to
appropriate mobile stations within its service area.

» Gateway GPRS support node (GGSN), which acts as the
logical interface between the GPRS-136 network and exter-
nal packet data networks. It tunnels IP packets from exter-
nal networks to the SGSN using the GPRS Tunneling
Protocol (GTP).

+ GPRS home location register
(HLR), accessible from the SGSN

are significantly different from GPRS because of the funda-
mental differences in the 1S-136 and GPRS physical layers,

The radio resource (RR) sublayer provides data transfer
and control services to LLC and GPRS-136 mobility manage-
ment. It consists of three cooperating entities: the MAC enti-
ty, radio resource management entity (RRME), and broadcast
management entity (BME).

The MAC entity provides services directly to LLC through
a SAP. It supports two multiplexed logical links of different
priorities, one for normal data transfer and the other for pro-
viding expedited data delivery services to higher-layer and
management entities.

The BME and RRME provide services to the GPRS mobil-
ity management layer through two other SAPs, and carry out
both voice and packet-data-related signaling functions. These
entities use the services of the MAC entity to communicate
with their peers, and to control the MAC entity. The core
MAC and RRME procedures are generic, and the interfaces
can easily be modified to support other protocol stacks.

Joint Voice/Data Operation

In addition to packet data service, GPRS-136 allows sub-
scribers to obtain both 1S-136 and ANSI-41-based services
(e.g., circuit-switched voice services, short messaging services,
intelligent roaming), provided mobile stations support both
circuit and packet modes. Two new classes of mobile stations
are supported by GPRS-136: dual mode (i.e., circuit and pack-
¢t mode capable) and packet mode only.

Integration of the GPRS packet network with the ANSI-
41 circuit-switched network provides a unique challenge.
GPRS provides its own set of registration, authentication,
authorization, and mobility management functions which are
thoroughly integrated with other GSM services such as cir-
cuit-switched voice service. These functions are implemented -
very differently in the ANSI-41 network. To avoid the com-
plexity of fully integrating these two sets of functions, GPRS-
136 provides a method of “tunneling” ANSI-41 signaling
messages between a mobile terminal and the gateway
MSC/VLR via the SGSN. These messages are tunneled as

and GGSN, contains GPRS-136
subscription and routing informa-

tion.
« ANSI-41 HLR, accessible from
the serving and gateway

M

MSC/VLR functions, contains
subscription and routing informa-
tion for circuit-switched service.

s ANSI-41 gateway MSC/VLR, pro-
vides functions such as circuit call
routing and circuit service related
paging within the GPRS-136 net-
work.

» ANSI-41 serving MSC/VLR, pro-

vides circuit switching functions
for mobile stations in its service
area.

» Message center (MC), receives
and accepts requests to deliver
teleservice messages to the mobile
subscriber,

The Protocol Stack (GPRS-136)

Figure 2 shows the GPRS-136 pro-
tocol stack. The MAC and radio
resource management procedures

MR PP P L

work reference model (Primed interfaces — ¢.8.,
have been modified for GPRS-136.)
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specially marked LLC frames. ANSI-41 registration, authenti-
cation, authorization, paging, and short message service
(SMS) messages are delivered transparently (tunneled)
through the SGSN. This allows the MSC/VLR and SGSN to
implement and cxecute these functions independently as nec-
essary for the proper operation of the ANSI-41 and GPRS
networks, respectively. The mobile terminal provides the nec-
essary sequencing of related functions between the ANSI-41
and GPRS networks. .

The GPRS-136 mobility management layer consists of two
entities: GPRS mobility management (GMM) and 136 mobili-
ty management (136MM), which support mobility manage-
ment functions specific to packet data and circuit-switched
services, respectively. A new tunneling function is defined in
the SGSN, and the GPRS LLC and BSSGP protocols have
been modified in order to route 136MM signaling messages to
the mobile station over the PDCH.

Dual-mode mobile stations perform registration, authen-
tication, authorization, and location update functions inde-
pendently and in parallet with the ANSI-41 and GPRS
networks while the mobile is camped on a PDCH. If an
ANSI-4] SMS message needs to be delivered while a mobile

is camped on a PDCH, it is delivered on the PDCH along
with other packet data as tunneled LLC data. An incoming
circuit call is indicated to a mobile with an ANSI-41 page
message tunneled from the gateway MSC/VLR to the
mobile. The mobile moves 1o an IS-136 control channel 1o
respond to the page and accept the incoming call. Similarly,
to initiate a circuit call, the mobile stops any activity on the
PDCH and moves to the 1S-136 control channel. Circuit calls
take precedence over packet data transactions. When a cir-
cuit call is completed, the dual mode mobile station returns
to camping on a PDCH.

Half-Duplex Operation
Half-duplex devices have complexity, size, and battery life
benefits which make them attractive for applications that do
not require full duplex (i.e., simultaneous transmission and
reception) capability. Full-rate operation (i.c., similar to IS-
136 voice) is half-duplex by definition because of fixed time
offsets between the uplink and downlink [1]. The support of
downlink double- and triple-rate (multisiot) operation for
packet data is quite straightforward, and is enabled by occa-
sionally scheduling uplink time slots for obtaining automatic

"in the GPRS backbone network.

UDP provides protection against corrupted GTP PDUs.
* Internet Protocol (IP) is the GPRS backbone network é)r
Subnetwork Dependent Convergence Protocal (SNDCP

Application
IP/X.25 IP/X.25
SNDCP Rela GTP
SNDCP GTP
e -
(11 uoes l.{%;/ .
Rela " TCP
e | GPREI3E cers- | essep BsSGP r— P
RR Network Network w2 L2
. GPRS-IBS GPRS- service service
= RF 136 RF | L1bis L1bis L1 : 1 .
n s Um Gb' Gi . . Gi
s TP canesy S "Leesn o ®
nd: _. ‘_._ . . - N "' - T -——_'=’.‘.—,_v'=.:—:._.=::~ [N
e 7;7—“" ,~,——..'.'v:§l TR TAT RS e v e v ‘
GPRS Tunneling Protocol (GTP) [7): This protocol tunnels user data and signaling between GPRS support nodes

* Transmission Control Protocol (TCP) carries GTP 'bf'o?:c.bi déts units (PDUs) in the GPRS Eackbone network
...for protocols that need a reliable data link. TCP provides flow control and protection against lost and corrupted .
GTP PDUs. User Datagram Protocol (UDP) carries GPT PDUs for protocols that do not need a reliable data link.

) [4): This transmission functionality maps network-level

otocol used for l:outing user data and control signaling.

network layer: header com
+ * Logicaf link control (LLC) [3

MS and the circuit-switched
"+, the SGSN, this function rela:

* 855 GPRS Protocol (BSSGP)
-*the BSS and SGSN.

. between BSS an

. GPRS-136 RF:.
4% " Specification defin

——

TRSRT T

characteristics onto the characteristics of the underlying network. It provides the following services to the

.. .the underlying radio interface protocols. In additional to the service access points described in (3), two additional
;.. service access points with different ririorities are supported for the tunneling of signaling messages between the

" .« Relay: In the base station system (BSS), this function relays LLC PDUs between thé Um' and Gb' interfaces. In

- * Network service éNS) [S): This layer transports BSSGP PDUs, and is based on the frame relay connection
355 and SGSN. The interface may traverse a network of frame relay switching nodes, .
. ¢ GPRS-136radio resource (GPRS-136 RR): This sublayer consists of the medium access control (MAC)
¥g:.. entity, radio resource management entity {RRME), and broadcast management entity (BME). The MAC
: 2+ . function provides reliable {n-sequence delivery of LLC data and expedited control (radio resource signaling) over
7 the GPRS_-136thsical channel. B e I N VA
he 30 kHz channels and time slot structure are as defined in IS-136, The GPRS-136

the modul

ression, encryption, segmentation, and reassembly. . .
: This layer provides a highly reliable ciphered logical link, and is independent of
netwo -

PDUs between the Gb' and Gn interfaces.. *.. ... ... . ... ...
6): This layer conveys routing and quality of service related mform._mpn bet_ween_

chemes and different felds in the time slot for the POCH, e osssme - vt =

WFigure 2. The GPRS-136 packet data

protocol stack.
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repeat request (ARQ) feedback. However, mobile
stations cannot support more than full-rate operation
on the uplink without simultaneous transmission and
reception. GPRS-136 suppofts half-duplex operation
on both the uplink and downlink for all mobile sta-
tions regardless of their multislot (or bandwidth)
capability. Double- or triple-rate half-duplex opera-
tion on the uplink is made possible by carrying out a
fixed allocation of a sequential number of time slots.

=
N Y o A 2hmie oy Paradic

S5 i LT e S LA B
Fipaverse plink) ~ l"' Ftorward fdownlmE; g

PRACH PLCH .

G o 3
. Packet d:ﬁ channel (PDCH)

" PLCH - 'PPCH: . PBCCH .

L STV b F-PBCCH
}——— E-PBCCH

L—— s.PBCCH

No downlink transmissions are scheduled for the
device during this period.

Packet Data Channel Structure
Logical Channel Structure

The PDCH consists of the following logical channels (Fig. 3):

» Packet broadcast control channel (PBCCH) for indicating
generic system configuration related information

+ Packe! paging channel (PPCH) dedicated to delivering
pages

« Downlink packet payload channel (PLCH) for delivering
data generated by LLC, RRME, and GMM

« Packet channel feedback (PCF) for support of random
access and reserved access on the uplink

+ Uplink packet random access channel (PRACH) used by
mobile stations to request packet data access to the system

» Uplink packet payload channel (PLCH) for delivering data
generated by LLC and GMM

Physical Channel Structure

The PDCH uses 30 kHz RF channels and the time-slot struc-
ture specified in 1S-136 {1]. Each 40 ms frame on a 30 kHz
RF channel consists of six time slots (three time slot pairs),
numbered | to 6. One or more time slot pairs may be allocat-,
ed to a PDCH. The remaining time slot pairs may be allocat-
ed to a digital control channel (DCCH) and/or digital traffic
channel (DTC).

Multirate Channels — A PDCH may be full-rate, double-rate, -

or triple-rate, depending on whether one, two, or three time
slot pairs are allocated to the channel within each 40 ms
_ frame. The channel bandwidth is indicated through system
broadcast information.

Superframe Structure ~ Sleep mode is defined for mobile sta-
tions on the PDCH in order to improve mobile station standby
time. A superframe structure similar to the 1S-136 DCCH is
defined on each full-rate portion of a PDCH in order to man-
age sleep mode. The total number of time slots per superframe
is 32. The superframe phase (SFP) is a modulo 32 up-counter
which increments every 20 ms and helps mobile stations find
the start of the superframe. If a double- or triple-rate PDCH is
allocated on a particular frequency, superframe synchroniza-
tion across the individual full-rate portions is required.

Primary and Supplementary Phases — A multirate PDCH
operates on a single channel frequency and consists of the fol-
lowing: :

+ Primary phase

» Supplementary phase(s)

In this context, a phase corresponds to a full-rate portion
of a multirate PDCH. The primary phase always corresponds
to a full-rate channel, and is the part of a multirate channel
that contains logical broadcast and paging channels on the
downlink. The supplementary phases on a multirate PDCH
correspond to all time slots that are not part of the primary

W Figure 3. Logical PDCHS.

phase. The pessible allocation of primary and supplementary
phases is provided in Table 1. ) ]

The primary¥ phase superframe consists of time slots that
are reserved for the PBCCH. Nominal paging time slots are
determined from among the remaining time slots using a stan-
dard hashing algorithm that relies on mobile station (sub-
scriber) identity. The actual number of PPCH slots per
superframe are configurable through a fast broadcast mes-
sage. Except for the assignment of broadcast and paging chan-
nels and SFP management, a mobile station views a double-
or triple-rate TDCH as one common channel (i.e., a fat pipe)
regarding data transmission or reception.

Downlink and Uplink Burst Associations — Subchannels are
defined on the uplink in order to allow sufficient processing
time at both the mobile station and BS in conjunction with a
random access event. The full-rate PDCH is defined to consist
of three subchannels; there are six subchannels in each dou-
ble-rate PDCH and nine subchannels in each triple-rate
PDCH (Fig. 4). .

An enhanced packet channel feedback (PCF) ficld that relies
on this association is defined on the downlink for uplink
resource management. PCF flags are carried in downlink lime
slots to provide feedback for bursts sent previously on the uplink
and to indicate subsequent assignments on the uplink. Mobile
stations identify access opportunities on the uplink by reading
PCF on the corresponding downlink time slots. The PCF field
altows the support of contention access and reserved access 0n
the same channel, and assumes different flag definitions depend-
ing on the comext. These flags are reliably encoded to ensure
good performance even under poor channel conditions.

For a full-rate PDCH, the uplink and downlink time slots
are multiplexcd to create three distinct access paths, as shown
in Fig. 4. Assuming that path 1 (P1) in the downlink indicates
that the next P1 time slot on the uplink is designated as a con-
tention slot and is selected for a random access attempt, a
mobile station sends the first burst of its access at that time

Slots for
supplementary

phase(s)

ey s i L AL o
e nen 55
= - vt 3'6; ’
uble-rate 1,2,4,5. ..
-Double-rat ~'z_3—,'5_f6~_:_-—
ouble-rate >|1,3,4,6 -
e-rate PD! 1273,4.5,6

. M Table 1. Muitirate PDCH phase allocations.
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B Figure 4. Downlink and uplink burst associations.

(24.8 ms after receiving the full P1 slot on the downlink). The
mobile station then starts reading the PCF flags in the next
downlink P1 slot (21.8 ms after transmitting its burst) to
determine the reception status of its initial access.

Similarly, there are six access paths on each double-rate
channel and nine access paths on each triple-rate channel. In
general, a mobile station which has data to send transmits
24.8 ms after obtaining an assignment via PCF on the down-
link. The mobile station reads PCF on the downlink 21.8 ms
after transmission in order to obtain the reception status of its
transmitted burst.

The Medium Access Control Function
PDCH Selection, Reassignment, and Reselection

Mobile stations are directed to a PDCH through 15-136 DCCH
broadcast information. In cases where there are multiple
PDCHs per sector, mobile stations are directed to a beacon
PDCH. The beacon PDCH broadcast information indicates the
number of PDCHs, as well as the bandwidth (full-, double-, or
triple-rate) of each PDCH supported. Mobile stations then
hash onto a particular PDCH depending on their identity and
the n_ump:r of PDCHs. Load balancing may be carried out by
reassigning mobile stations across radio resources, and the per-
formance may be further improved by maintaining MAC/RLP
state across reassignments. Cell reselection procedures ensure
continuity of service across cell boundaries since mobile sta-
lions autonomously perform PDCH reselection when they
detect a stronger signal from a neighbor cell. v

Active Mobile Identity Management
Each mobile station is assigned a 7 bit temporary local identi-
fier called an active mobile identity (AMI) which remains
valid for one or several closely spaced transactions. The AMI

is used to identify uplink time slot assignments and identify
the recipient of data on the downlink. Of the 128 possible
AMI values, only 89 are allowed for mobile stations engaged
in point-to-point transactions. The all-zero AMI is excluded
for PCF-related functions and also for identifying point-to-
multipoint information on the downlink. The remaining 38
AMTIs closest to the all-zero codeword are excluded in order
to increase PCF reliability. .

AMI assignment procedures are executed for both uplink
and downlink transactions spanning more than one time slot.
If a valid AMI has not already been assigned, the AMI assign-
ment is carried out as a part of the transaction initiation pro-
cedure. Once an AMI has been assigned 1o a mobile station,
it is used for transactions in both directions (i.e., the AMI is
assigned on the initiation of an uplink or downlink transac-
tion, whichever begins first, and remains assigned until
released). AMI release is based on the expiration of timers at
both the mobile station and BS. The AMI release procedures
are designed to ensure the following:

* The availability of the same AMI to the mobile station for

12 A .. 12
CSLF. SLA

s | cqF

. -~ 5 5 2

W Figure 5. Logical format of the PCF. The SLF is context-
dependent and coniains either an AMI for providing feedback
fo contention slots, or three fields for providing feedback to
reserved slots. .
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another downlink or uplink transaction which is initiated
before the expiration of the timer

« The release of the AMI first by the mobile station and sub-
scquently by the BS in order to avoid any potential hijack-
ing scenarios.

Transaction Initiation

A new transaction is initiated by the transmit controller when
a transmission opportunity is identified and if the transmit
buffer contains new data. Downlink transactions may be
acknowledged or wnacknowledged, but uplink transactions are
always acknowledged. The initiation of a new transaction is
carried out through the transmission of a BEGIN PDU. The
BEGIN PDU handshake (i.c., acknowledged transfer of the
BEGIN PDU) is used to initialize the AMI and an RLP in
cither incremental redundancy (JR) or fixed coding (FC)
mode for the transaction.

For downlink transactions, the AMI and mode are assigned '

using the BEGIN PDU. For uplink transactions, the mobile
station suggests an AMI and mode vsing the BEGIN PDU. If
the suggested AMT and mode are acceptable to the base sta-
tion, it provides an acknowledgment using the packet channel
feedback (PCF) field. The PCE acknowledgment is treated as
an implicit AMI and mode assignment by the mobile station.
If the suggested AMJ and/or mode are unacceptable to the
base station, it provides a negative acknowlcdgment using
PCF and subsequently assigns an AMI and/or mode for the
transaction using a supervisory ARQ Status PDU.

Packet Channel Feedback

Functions — The 15-136 digital control chanpel [1] uses a
shared channel feedback (SCF) ficld to provide acknowledg-
ment and assignment functions. The SCF uses three flags —
Received/Not Reccived (R/N), Busy/Rescrved/Idle (BRI), and
a coded partial echo identifier (CPE) — in order to manage
feedback and assignment functions. The DCCH procedures
and fields as specified in I1S-136 arc not well suited for long
packet data transactions.

As described above, the uplink and downlink burst associa-
tions on the PDCH result in three subchannels per full-rate
channel, six subchannels per double-rate channel, and nine
subchannels per triple-rate channel. A PCF field is associated

. with each subchannel, and 24 bits are used in each downlink

. idle (for contention-based access) or reserved (for

HE
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time slot for the PCF. The PCF is designed to be more reli-
able than the SCF and allows efficient managcment of con-
tention access and reserved access on the same channel. For a
particular subchannel, the PCF provides acknowledgment for
a transmission on the previous time slot and also indicates
assignment of the next time slot. Consistent canonical feed-
back and assignment fields are defined as follows: acknowl-
edgment/negative acknowledgment (ACK/NAK) feedback
identifying the transmitter when acknowledging 2

nssignmeni (SLA). The use of the SLF mechanism is context- -

dependent (i.c., the SLF field takes different values depend-
ing on whether fecdback is being provided for a contention
slot or a reserved siot). This provides greater reliability for
acknowledgments to reservation-based transmissions. In addi-
tion, the same ficld may also be used for reliably reassigning
the subchannel to the same user and providing continuous
uplink channel quality feedback to the mobile station.

Assignments to successful contending users or users sniff-
ing for reservation-based access may be carried out by explic-
itly identifying the user being assigned the next slot (i.c., by
setting the SLA ficld to a valid coded active mobile identity).
This approach is useful when there are several users on the
channel, and subchannels (time slots) are constantly being
assigned to new users. However, with fewer active users on
the channel, subchannels may continuously be reserved for
(reassigned to) the same users. Figure 6 shows that if there
are three or fewer users on a full-rate channel, a round-robin
assignment scheme is equivalent to reassigning subchannels to
the same users. Similarly, Fig. 7 shows that if there are nioe or
fewer users on a triple-rate channel, a round-robin assignment
scheme is equivalent to rescrving one or More subchannel(s)
for each user. In such cases, it is not necessary to use a coded
AMI to reassign a subchannel to the same user. If there arc
fewer users oo the channel, it is possible to provide a series of
reservation-based transmission.opportunities on each sub-
channel through the use of a 1-bit CONTINUE/STOP (C/S)
indicator. The CONTINUE indication is similar 1o BRI =
BUSY [1], but is encoded more robustly. Since the CONTIN-
UE (or BUSY) indication is associated with fcedback for a
reserved slot and is relevant oaly to the user who transmitted
on the previous time slot oo a particular subchannel, the C/S
flag is included in the SLF ficld.

PCF Encoding

Subchannel Feedback — The 12-bit SLF field is used 10

acknowledge bursts transmitted in the previous slot. For feed-

back corresponding to contention slots SLF is defined as fol-

lows:

» SLF = valid coded AMI (provides an implicit ACK to the
mobile with that coded AMI suggested or assigned)

- SLF = E-NAK (explicit NAK to
ed access)

The (12,7) code described below is used 1o encode this
field. The all-zero codeword is reserved for indicating an
explicit negative acknowledgment (E-NAK) to all mobiles
which attempted contention access.

For feedback corresponding to reserved slots,
ther divided into the following:

« R/N (5 bits): A (5,1) repetition code is used. A 1 indicates

SLF is fur-

contention slot, and assignment of the next slot as

access by a specific user). The approach present-

P LB P L 1T

ed simplifies the state machine since the acknowl-

edgment for the previous slot and the assignment
for the next slot are unambiguously identified
with specific mobiles.

Figure S shows the logical format of the PCF

@ Figure 6. Round-robin assignments for users a, bandcona
nel. This is equivalent to reservation of subchannels 1, 2, and 3 forusers a, b,
and c, respectively.

-rate chan-

field associated with each subchanuel. The main

purpose of the PCF field is to acknowledge an

- . » 2'
access in the previous slot and to assign the next

[

[

3.cla,dAls.e‘ 6.f l7.g_ ls.h 1 9."- | 1.f lzb |3,c |4,d

Se I.G"_lj'ﬂ

slot to a particular mobile. The acknowledgment

and assignment functions are handled indepen-
dently for each subchannel through two logical
fields, subchannel feedback (SLF) and subchannel

m Figure 7. Round-robin assignments forusers a, b, ..., i on a triple-rate chan-
nel. This is equivalent {o reservation of subchannels 1, 2, ...,
+., §, rESpEctively. ’

9 forusersa, b,

R S
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Description

Maximum numbes of times a mobile may backoff and reattempt

contention access before declaring an access faiture, || 7 T

Counter indicating the fumber of times contention access has_.been"%‘.‘

attempted. This payamieter can take values 0, 1, ..., Access_Count_Max, |

Number of idle (contention) slots that the mobile must wait before ™

another transmission attempt. T_Retry is a random integer that lies in 2.

falsc crror correction (i.e., interpre-
tation of onc codcword as another)
may occur if two or more errors
occur in the channel. Two crror
detecting capability is provided by
increasing the minimum Hamming
distance of the code to 4 through

the addition of a singlc parity bit.

the dosed interval [0, T_Retry_Max). -

Value computed from other acoess parameters. determines the
distribution used for generating random backoff. . ____ __ ... ..

The resulting (12,7) codc may be
vicwed as an extended (11,7) code.

Initial value of T_Retry_Max to be used for Acvess_Count = 1.

Mobile Station Procedures —

Configurable parameter which is used along
compute T_Retry Max. .. . .

K Table 2. Paramciers for the random access pmceda;;t;

.Access Count "~ " | T_Retry Max. . .~

0 B 0

with T_Retry_Init to

Mobile stations assume an appro-
priate SLF structure depending on
whether they are cxamining fecd-

back corresponding 10 a contention
slot or a rescrved slot. The decod-
ing rules at the mobile station pro-
vide uncqual error protection to
the differcot flag values.

. A mobilc which transmits in a particular con-
A tention slot reads the corresponding SLF field to

1.2,.., Acce'ﬁ'_céuq'i__ jax | T_Retry_init A, where A =[

Access__Count -}

o

1 dctermine if its transmission was successful:
] «On receiving an ACK (i.e., SLF/coded AMI
maltch), it reads the SLA ficld on all subchan-

K Table 3. Expressions for computing T_Rctry_Max

that the transmission was received (R). while a 0 indicates
that the transmission was not reccived (N). The mobile
declares R/N = R if the Hamming weight of the reccived 5-
bit Nword is strictly greater than 3; otherwise, it declares R/N

.* C/S (5 bits): A (5.1) repetition code is used to encode this
flag. A 1 indicates CONTINUE or C; that is, the mobile is
assigned the subsequent time siot on the same sub-channel.
A 0 indicates STOP or S; that is, the mobilc must read the
SLA field 1o determine subsequent assignments on that
sub-channel. The mobile station declares C/S = C if the
Hamming weight of the reccived 5-bit word is strictly
greater than 2; otherwise, it declares C/S = §.

* Channel quality feedback (2 bits): This ficld provides fecd-
back on uplink channel quality to the mobile. A mobile
capablc of operation on multiple modulations can usc this
fecdback 1o proposc a different modulation for subscquent
rescrvation bascd transmission opportunities.

Subchannel Assignment — The 12-bit SLA ficld can take the
following values:
* SLA = valid coded AMI (assigns the subchanncl to a
mobile with that coded AMT)
* SLA = IDLE (identifics a contention opportunity)
The (12,7) code described below is used to ecncode this
ficld. The all-zcro codeword is uscd as an IDLE indicator
(i.c., to indicaic a contention slot).

AMI Encoding — Each mobile station is assigned a 7-bit AMI
value ltur.lhc duration of cach transaction. The AMI assign-
mcent is initiatcd by an uplink or downlink transaction,
whichever begins first.

The 7 bit AMI is cacoded using a (12.7) codc. This code is
derived from a (15,11) Hamming code as follows. As an inter-
mcdiate step, the (15,11) Hamming code is shortened to an
(11.7) code as spccificd in [1]. This code is used for encoding
ll'.:c CPE on the 1S-136 DCCH; it has a minimum Hamming
distancc of 3 and guarantecs single error correction. However,

nels it is capable of operating oni to determine
if it is granted a reservation.
*On declaring a NAK (i.e., SLF/coded AMI mis-
match), it follows random access procedurcs
for attempting another contention access.

A mobile which transmits in a particular reserved slor rcads
the corresponding SLF ficld to determine if its transmission
was successful: :
 On receiving an ACK (i.c., R/N = R), thc mobile reads the

C/S indicator to detcrmine if it can transmit in the subse-

quent slot.

— On decoding C/S as CONTINUE, the mobile ignores the

SLA field and assumes that it bas permission to transmit in

the subscquent time slot associated with the same subchan-

nel.! ~

~ C/S = STOP implies that the mobile being acknowledged

must continue sniffing (rcading SLA) on that subchannel

for rescrvation-bascd transmission opportunities.

» On recciving a NAK (i.e., R/N = N), the mobile reads the
SLA field 10 determine if it has been assigned the subse-
quent slot (i.c., it trics to match SLA with its coded AMI).
Other active mobiles which are sniffing for reservations

ignore the SLF ficld and examine the SLA field for time slot

assignments. With this scheme, it is possiblc to reserve sub-
chaancls for some users and carry out round-robin assign-
ments for other subchanncls.

Contention Access

Contention slots are provided on the uplink PDCH in order
1o allow mobile stations to initiatc packet data transactions.
The mobilc station identifies a contention opportunity by
reading the PCF. If thc mobile station attempts transmission
in a contention slot and is ncgatively acknowledged by the BS,
it starts a timer and waits for an AMI and/or modc assign-
ment from the BS. If no AMI/mode assignment is received
and the timer expires, the mobile station must wait for 7_Rerry
idlc (contcntion) slots before making another access atiempl.
The parameters usced by the random access procedure arc list-
cd in Table 2.

T_Rerry is uniformly distributed in the closed interval {0,
T_Reiry_Max] where T_Reiry_Max is a function of
Access_Count, T_Retry_Init, and a. The paramcter
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Channel conditions

T_Retry_Max is computed using the expressions in Table 3. An 00 w4-DQPSK

access failure is declared if the mobile station is unsuccessful e

after Access_Count_Max access attempts. { S/(_f.‘t__,_ ) o wADApsK, §PSK
. ) - A R T Reserved
Adaptive Modulation b =
| e = mn Reserved

) P

The FC and IR RLPs rely on adaptive modulation to achieve
the best throughput under delay constraints. The RLP blocks
are chosen to be of fixed length and a variable integer number

| Tiible 3. CQF values on uplink and downlink. The thresitold 6,
is a broadcast parameter. CQF = 10 is intended for 16-level mod-

Sf blocks are packed into a MAC PDU depending on the ulation. No 16-level modulation has been specified at this time.
modulation. This ensures that blocks transmitted using a par-

ticular modulation can be retransmitted even if the modula- spersed between IR slots. This allows, for example, expedited
tion has changed. The receiver provides periodic channel control/feedback frames to be transmitted in FC mode while
quality feedback (CQF) which indicates the maximum constel- an TR mode transaction is in progress. The modulation type
lation size allowablc under the prevailing channel conditions. indication enables slot-by-slot adaptation. The indication of
The transmitter uses the CQF along with knowledge of the mode and modulation in 2ach time slot is also useful in arder
offered load in urder to carry out modulation adaptation. The to quickly detect handshake failures and take recovery action.
modulation and coding mode for the data in each time slot The DFT values are indicated in Table 5. Only five DFT

are indicated to the receiver through a separately coded field values are currently used; additional DFT values may be used
called the coded data field type (CDFT). This allows efficient for the support of FC and IR with 16-level modulation. No

multiplexing of IR and FC mode transactions with dynamic 16-level modulation has been specified at this time.
(slot-by-slot) modulation switching without any resulting The DFT is encoded reliably, and soft decision decoding is
ambiguity at the receiver. recommended at both ends in order to ensure that the errot
. rate is significantly lower than that of the data under a3 wide
Channel Quality Feedback cange of operating conditions. On the uplink, the 3-bit DFT
The receiver MAC layer provides CQF, which indicates the field is encoded using a (6.3) code to form the CDFT. On the
modulations that are allowable under the prevailing channel downlink, the 3-bit DFT is combined along with the 5-bit
conditions. Based on this information, the transmitter chooses superframe phase (SFP), and the resulting 8-bit word is
the modulation scheme for subsequent data transfer. encoded using a (12,8) code to obtain the CSFP/CDFT field.
Table 4 shows the scheme for determining the maximum While decoding, the mobile station can usé its prior knowl-
allowable constellation size based on the signal-to-interfer- edge of SFP for each time slot in order to achieve better per-
ence-plus-noise ratio, S + N), estimated at the input to the formance.
decoder. The downlink adaptation threshold, 8, is config- . .
urabie as a broadcast parameter, and SI(I + V) estimation Radio Link Protocol

may be carried out using the technique described in [9, 10].

On the downtink, CQF is transmitted as a part of PCF and The radio resource (RR) sublayer provides data transfer and
supervisory ARQ status PDUs. On the uplink, CQF is trans- control services to LLC and GMM. It consists of three coop-
mitted as a part of a supervisory ARQ status PDU. A valid erating entities: the MAC entity, RRME, and BME.

CQF may be used along with the offered load to change the The MAC entity accepts data from LLC and RRME. It
downlink modulation. supports two multiplexed logical links of different priority,
. one for providing expedited data delivery services (MAC logi-

Data Field Type cal link 0, or MLLO), and the other for normal data transfer

- The DFT is a 3-bit field indicating the mode (FC or IR} (MAC logical link 1, or MLL1). For acknowledged data trans-
and modulation (/4-DQPSK or 8-PSK) of the data fields in fer, each logical link uses an RLP. The RLP for MLLI oper-
each time slot, and also whether the data fields are associated ates in two modes: IR and FC. The RLP for MLLO uses only

with the broadcast or nonzero (i.e., mobile-specific) AML FC mode. A header including a higher-layer protocol identifi-
This field is always transmitted using 1/4-DQPSK. er (HLPI) is attached to each MAC service data unit (SDU),
The mode indication allows fixed coded slots to be inter- and the result is converted into an octet stream using standard

byte-oriented HDLC framing. The octet streams
for cach MAC logical link are buffered indepen-

‘DFfvalue | Modufation.” S pe dently, and are converted into RLP segments of

- . different size depending on the mode.

n/4-DQPSK Fixed coding idle (all zero) For both IR and FC, the retransmission

. . - . scheme is based on the TDMA circuit data RLP
J w4-DQPSK Fixed coding Mobile-specific 1S-130 [11, 12]. Thus, retransmissions are given

Po10 =07 | wa-DQPSK - Incremental redundancy Mobile-specific . priority over new data, and retransmissions are

— determined by the transmitter based on receiver-
o | B-PSK Fixed coding Mobile-specific state feedback (bitmap feedback). Retransmis-
100 : o 8-PSK incremental redundancy | Mobile-specific - sions are not based on timers. Extensions to the

! The cell always séts SA to the coded AMI of the user
being assigned a particular slot. Therefore, if the mobile

Lo S e M-I S erroneously declares a NAK when an ACK was sent, it can
IV o ermamarn y o st e Reserved, o meeraeeri s still obtain the assignment of the subsequent slot.
W Table 5. Data field type values {uplink and downlink). No 16-level modula-
tion has been specified at this time. 2 When the BS transmits RIN = N, it seis ;S = S.
_[EEE Personal Communications ¢ Junc 1999 ol
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rData segment l CRC I

Rate 1/2 nonsystematic
tailbiting convolutional

_7 .

encoder
A 5 - =T e T :
i Puncturer o X v g T
Parity bits i Data bitsl
Interleaver Interleaver Interleaver
i 1
R .. P
Y.
Biocker Parity blocker J | Data blocker I

- -

1} v

[ crcen | pariy |Pns

I CPCBH ] Parity JPu

| cpesn ] Parity JPn

Parity blocks

' puts, one of which is suitably punctured, as discussed
below. Without loss of generality, the unpunctured

Data blocks

MAC-layer specification {13},

Incremental Redundancy Mode RLP

The IR RLP achieves higher throughput since redun-
dant bits are transmitted only when necessary. It exploits
the fact that the extra redundancy introduced by heavy
coding is not required in most cases. IR mode places
more memory requirements on the receiver, but
achieves more throughput than FC mode. IR mode is to
be used only for regular data transfer (i.e., MLL1), not
the teansfer of expedited control information (MLLO).

em i m s m——— = ———— e ¢ vo——

Data Formals and Encoding — The byte stream derived
from the upper-layer data is segmented into fixed-length
RLP segments of length L. To each RLP segment. a
cvclic redundancy check (CRC) sequence computed over
the data is added. The data and CRC are encoded using
a rate 172, 32-state, tailbiting, nonsystematic, maximal
free distance convolutional encoder with octal gencrators
(65, §7). The rate 1/2 convolutional encoder has two out-

i encoder output is referred (o as dara and the punctured
output as pariry. In reality, the data output contains no
redundancy and represents a one-10-one mapping ta the
actual data. The data bits at the output 6f the encoder
are interleaved and segmented into D blocks of length

- R Figure 8..4n IR segment encoder.

15-130 RLP have been dcfined for operation:

* At the MAC layer for packet data transactions

* With modulation adaptation

_* Using the incrementa) redundancy mode

’ The RLP is initialized in IR or FC mode using the transac-
tion initiation procedure described earlier. A BEGIN PDU is
used for initializing a transaction, and subsequent data trans-
fer is carried out through the transmission of a series of CON-
TINUE PDUs. Each transaction may be bounded or
unbounded, and unbounded transactions may be either grace-
fully endcd or aborted on detecting protocol violations. Super-
visory ARQ Status PDUs are used to periodically provide the
peer transmission controller with knowledge about the receiv-
er state.

A transmission apportunity identified during normal protocol
operation results in the transmission of one of the following:

* ARQ Status PDU
* IR or FC CONTINUE PDU
~ CONTINUE PDU formats for IR and FC will be described
in the following sections. Seamless operation with adaptive
modulation is achieved by packing fixed-size blocks within
each CONTINUE PDU. Different integer numbers of thesc
fixed-size blocks can be accommodated in a CONTINUE
PDU for different modulations. In TR mode, muhiiple fixed-
sizc data and parity blocks arc derived from each RLP seg-
ment. In FC mode, each data block is an RLP segment.

~ MAC PDUs transmiticd on the uplink are acknowledged
via the PCF mechanism. Optionally, full or partial bitmap
feedback m_ay_hc provided by the BS via ARQ status PDUs.
The transmitier may poll the receiver for bitmap feedback at
any time. For downlink data transfer, the BS provides the
mohile station with reservation opportunities to obtain bitmap
feedbuck,

The local variubles and tables maintained at the transmit-
ter and receiver, the update procedures, and a detailed
description of the protocol using the Specification and
Description Language (SDL) are provided as a part of the

LiD. These blocks are called data blocks and denoted by

Dy =1.2,...D) Of the L parity bits at the encoder

output. Dh parity bits are punctured, and the remaining
parity bits arc segmented into D parity blocks of equal size
denoted by P;(j = 1, 2, ..., D). Here, h is the size of the head-
er required for each parity block. At the receiver, soft informa-
tion from data and parity blocks corresponding to the same
segment is combined for decoding. Figure 8 shows the map-
ping of data segments 10 data and parity blocks. Based on
delay/throughput trade-offs, the parameter D was chosen to be
3. The output bits of the encoder are mapped in an interleaved
manner 10 maximize codeftime diversity.

To each parity block, a coded parity/control block header
(CPCBH) is appended. For parity blocks, PCBH contains the
following:

« 1-bit PCBH header type (= 1 for parity block)
« 10-bit block sequence number (BSN)

The PCBH is encoded using a punctured rate 1/2 convolu-
tional code 10 obtain the CPCBH. Since parity blacks are identi-
fied through a header, the data blacks Dj are assigned the same
BSNs as the parity blocks, Py, forj = 1, 2,..., D. The blocks to
be transmitted in a CONTI PDU are determined (Table 6)
as follows. Adaptive modulation is employed to achicve the best
throughput under delay constraints. The protocol is designed
so that a variable integer number of RLP data and’or parity

PCBP = 00 CDSH Data Data
PCBP = 01 CDSH Data CPCBH | Parity
: PCBP = 10 CDSH CPCBH | Parity | CPCBH | Parity

W Figure 9. The composition of an IR CONTINUE PDU (layer
1 SDU) for n/4-DOPSK. .
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blocks may be packed into 2 single CONTINUE PDU,
depending on the modulation. Retransmittable blocks
RLP data blocks, and data
arc required to be in !
| blocks {indicat-
may be inserted in

arc given priority over new

blocks in cach CONTINUE PDU
scquence. NULL bincks nr END contro
ing the last valid sequence numhcr)

place of parity blocks.
For the PDCH, two,
Jata and parity/control)

CONTINUE PDU formats as a
tion type.

implicit .iddressing and

rately coded data segment

with each PDU (two, three, or four b

tains the following (Fig. 11):

» BSN — 10 bits (associated with the first data block in a

data blocks, this field is given a
detault value which is ignored by the receiver)

« Poll indicator — 1 bit (to request an ARQ Status PDU)

+ Parity/control block pointerP(PCBP)
DU

time slot; if there arc no

the composition of the
parity/control blocks)

Packet data channels are shared by multiple users, and
cach time slot must contain either an im

three, or four (combinations of
blocks are transmitted in cach
CONTINUE PDU corresponding to the use of 4-, 8-, or
16-level modulation, respectively. Figures 9 and 10 show
function of the modula-

Header Encoding — For IR, a scpa-
header (DSH) is transmitted along
locks). The DSH con-

in

plicit or explicit

m

_ PCBP = 00 ‘—vCBSH Data Data Data

;' pCBP = 01 rCDSH Data N Data CPCBH Pari_ty‘
:"!PC.BP =10 COSH Data cpcBH| Parity | cPeBH Paril]
.PCBP= 11 cosH | cpesr| Parity | CPCBH Parity CPCB_H Paﬂd

SDU) for 8-PSK.

8 Figure 10. The composition of an IR CONTINUE PDU

{layer 1

—
| 1 .2

10

=

BSN

— 2 bits (to indicate
terms of data and

W Figure 11, The sinicture of the duta segment header; the num-
ber of bits required for each field is indicated.

13-bit DSH and 12-bit CRC are iransmitted. The resulting 25-

bit frame (DSH+CRC) is encoded using a punctured, tailbit-

ing, non-systematic, 32 state, rate 172
obtain the coded DSH (CDSH).

address to indicate the transmitter identity and recipient of

the data in both dircctions. The inc

uplink is useful for verification

uplink time stot was indeed the one wh
received. Downlink addressing is ne
active mobiles are constantly listening
sions., and the intended recipient must

more, in order to praovide pro

indicated in both directions.

cach time slot requires large overh

“tion in performance. As a result,
implicitly in the computation of C

and downlink. Addressing is carrie
along with a 5-bit abbreviated digital verification color code
« (ADVCC) as the identifier for the
and AMTI are used to compute the CR

' Blrection
size (octets)

RLP segment | CRC size (bits)

tectio

lusion of an address on the
that the user assigned an
osc transmission was
ccssary since
for downlink transmis-
be identified. Further-
n from co-channel
interference, it is desirable that the base station identity be
The use of explicit addresses in
cad and leads to degrada-
the addresses are inctuded
RC bits on both the uplink
d out using the 7-bit AMI

BS. The DSH, ADVCC,
C. However, only the

RLP bfock | Madulation
size (bits) {RLPs

Receiver Operation

multiple already successtully decoded.
quantized
or parity

receiver are larger than in the

responding to a particular segment

each additional valid parity block

ment. The receiver stores the

Number of
blocks per POU

CODSH size (bits)|PDU size (bits

}| Peak tﬁplerai'e"
throughput ~

convolutional code to

— A received RLP block is declared
invalid and discarded if it corresponds to a segment which
does not lie within the receiver window or to one that was
The receiver stores soft informa-
tion in the form of quantized Euclidean distance metrics or
a posterion log likelihood ratios for each valid data
block received. The memory requirements at the
fixed coding case since the
receiver must store soft information for all data or parity
blocks corresponding to a segment until decoding is success-
ful. Soft decision decoding is attempted if all data blocks cor-
have been received. If all
duta blocks have been received and the segment has not yet
been decoded, the receiver attempts decoding after receiving
corresponding to the seg-
receipt status of data or parity

. 37 16 104 n/4-DQPSK |2 256

8-psk |3 36 1348 44.4
16devel |6 96 512 59.2
38 14 106 WA-DQPSK (2 50 262 29.7
8-PSK 3 39 357 45.6
e & 16-tevel |4 100 524 59.4

'j ggl—ihk e 15 85 x/4-DQPSK |2 as 218 24
""(#ﬁ?ﬁéﬁed) 8-PSK 3 36 327 36

‘ *@; | 16-leve 4 96 436 48

modulation hus been specified at this time.

® Table 6. IR CONTINUE PDU format sizes and corresponding peak triple-rate PDCH throughput in kilobits per second.

No 16-level
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Number of RLP blocks

PDU size (bits)

Rate 172 punctured convolu-

Peak triple-rate PDCH

tional encoder output {bits) {throughput (kb/s)

w4-DQPSK |2 205 264

. Gleesk. ... |3 203 348 39.6

" 16-level .. |4 381 512 52.8

Uplink 4-DQPSK |2 205 262 26.4

' 8-PSK 3 203 357 39.6 i
16-level 4 381 s - s2 K

_Uplink | ~/a-DQPSK |2 173 218 21.6

" (abbreviatedi| 8-PSK |3 245 291 32.4

0 T T eevel 4 317 436 43.2

M Table 7. Fived coding mode CONTINUE Pl;i'—[—onnat sizes and corresponding peak wiple-rate PDCH throughput in kilobits per sec-

ond. Cach RLP black consists of 11 octets. No 16-level modudation has been specified at this time.

blocks corresponding to an undecoded segment.

When a segment is successfully decaded, the receiver
updates its state information. The receiver generates {ull or
partisl bitmaps using this information when it provides ARQ
fecedback 10 the transmitter. For uplink transactions, bitmap
feedback is still required in order 10 acknowiedge successfully
decoded IR scgments since PCF only acknowledges the

. receipt of blocks transmitted in the previous time slot. The

. bitmap consists of a primary bitmap and two optional incre-

, mental redundancy hitmaps which indicate the following:

..+ Primary bitmap: This bitmap indicates the acknowledgment
status (ACK or NAK) for cach segment. Run length coding

(as specified in ITU-T T.4 [14]) is applied in order to

reduce the primary bitmap size whenever compression is

possible.

* IR bitmap 1: For cach scgment negatively acknowledged by
the primary bitmap, this bitmap indicates if all data blocks
corresponding 1o that segment have been received.

IR bitmap 2: If IR bitmap | indicates that all data’blocks
corresponding to a particular segment have not been
received. this bitmap provides additional information indi-
cating the receipt status of cach dava black corresponding
to that segment.

Transmitier Operation — The transmitter procedures are
somcwhat more complex than the receiver and more state
information must be stored for each RLP block at the trans-
mitter. The RLP delivers data in-scquence by initially sending

Field . Stze (symbols)

SYNC 14

Function |

Synchronization field (see I15-136 {1]). SYNC is always modulated using #/4-DQPSK i

just the RLP data blacks, Dy, D;~ and D,;. followed by send-
ing additional RLP parity blocks, Py, j = 1, 2, 3 whenever the
receiver fails 10 decode the RLP segment. The transmitter
cannot discard the data and parity bits corresponding 1o a seg-
ment until it has received a positive acknowledgment from the
receiver for the segment. hence the protocol operates by
maintaining in a table, the receipt status of blocks that have
been transmitied but not yet acknowledged. A block is not
considered retransmittable unless it is explicitly ncgatively
acknowledged, and sufficient time has elapsed to ensure that
the status of the block is reflected in the feedback. Upon
obtaining feedback from the receiver the transmitting protocol
can update the table and decide on which data or parity block
to schedule for transmission at the ncxt opportunity.

Fixed Coding AMode RLP

FC mode transactions are established through a BEGIN PDU
handshake as described in an carlier section. In the FC mode,
RLP segments (or blocks) are of fixed length (shorter thun
the IR mode RLP segment). The CONTINUE PDU carries 2,
3, or 4 RLP blocks depending on the use of 4-level, 8-level
(Tuble 7). or 16-level modulation. respectively, a CONTINUE
PDU Header. and a 16-bit CRC. This ensures that blacks
transmitted using a particular modulation can be retransmit-
ted even if the modulation has changed. .

The PDU header consists of the following:
« 1 bit indicating that it is a CONTINUE PDU
+ 1 bit idemifying the logical link (i.e.. MLLO or MLL1)

CSFP/CDFT | 6 Superframe Phase (SFP) helps mobile stations find start of superframe. Data Field Type specifies the :
. mode and modulation for the DATA field in the time slot. CSFP/CDFT is always modulated using n/4- :
DQPSK. ’ H
H
PCF 12 Packet Channel Feedback provides subchannel feedback and subchannel assignment for the associated
uplink time slots. PCF is always modulated using n/4-DQPSK. :
DATA 128 (r/4-DQPSK) | Carries fayer 1 SDU
116 (B-PSK)
PILOT 12 (8-PSK) Provides phase reference for coherent demodulation of 8-PSK.
PRAMP 2 Facilitates downlink power control for adjacent time slots on same 30 kHz channel. - ' i

B Table 8. Downlink ficld ﬁl"t'li_(;l‘l.; and sizes.
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14 6

12 128 2

Data | Pramp l n/8-DQPSK

¢ The 10-bit BSN of the first data
block in the PDU
The PDU is encoded using a punc-
wred. 32-state, rate 172, tailbiting,
nonsysiematic convolutionai code.
The puncturing {codinyg rate) at cach '

* A 1-hit poll indicator ‘

sYNC | CsFRICOFT | per |

[ata [ ] Data | 7 [ oata | plpata | | ek

17 3 33 3 33 3 33 3

maodulation has heen determined from
the number of RLP blocks and the
number of transmission symbols avail-
able for the modulation format. .

Note that since the CRC bits are computed from two,
three, or four RLP blocks in addition to other ficlds, all
blocks within a PDU are lost if the PDU is not successfully
decoded, and aced to be recovered through retransmissions.
Assigning a CRC sequence to each “¢mall™ RLP block is inef-
ficient duc to excessive overhead.

On the uplink, a CONTINUE PDU may contain an END
control block which provides the last valid BSN for the trans-
action in liew of a data block. This information helps the BS
1o schedule the required number of uplink time slot assign-
ments in order to gracefully complete the transaction.

Implicit Addressing — Implicit addressing is carried out using
the 7-hit AMT along with an 8-bit digital verification color
code (DVCC) as the BS identifier. The CRC is computed
using the PDU header, RLP blocks, AMI, and DVCC. Only
the PDU header, RLP blocks, and CRC are provided to the
convolutional encoder; the AMI and DVCC are not explicitly
inctuded.

Receiver Operalion — A received RLP block is declared
invalid and discarded if it does not lic within the receive win-
dow or was received previously. When a valid RLP segment is
received, the receiver updates its state information. Full or
partial bitmaps are generated using this information when the
receiver provides ARQ feedback.

Transmitter Operation — The transmitter procedures are
more complex, and more state information must be stored at
the transmitter. The transmitter uses full or partial feedback
information from the receiver in order to update its state
information.

The data blocks to be transmitted are determined as fol-
Jows. A block is not considered retransmittable unless it is
explicitly NAKed, and sufficient time has elapsed to ensutrc

«that the status of the biock is reflected in the feedback.
Retransmittable blocks are given higher priority than new
data blocks. Furthermore, the data blocks in each CONTIN-
UE PDU are réquired to be in sequence. The carliest retrans-
mittable data block is transmitted along with other
retransmittable data blocks that follow in sequence. If there
are no retransmittable data blocks, new data blocks within the
window may be transmitted.

Radio Link Protocol End Procedures
For uplink transactions, the mobile station is required to com-
mit to the end of the transaction if the buffer backlog is small-
cr than a threshold. This allows the BS to dynamicaily
schedule uplink reservation opportunities without wasting any
slots. .

While initiating a transaction, the mobile station indicates
the length of the transaction in the BEGIN PDU through the
transaction size (TS) fietd, which can take the following values:
¢ TS = 0 indicates that the transaction ends with the BEGIN

PDU.

« TS =1, 2, ..., 62 indicates that there are TS data blocks in

m Figure 12. The downlink time slot format.

the transaction.

« TS = 63 indicates that the transaction is unbounded.

In cases where the BEGIN PDU indicates an unbounded
transaction, an explicit END control block must be transmit-
ted when nearing the end of the transaction (i.e., when the
amount of data in the transmit buffer falls below a thresh-
old). The transmitter commits to the end of the transaction
by providing the last valid sequence number for the transac-
tion within the END block. For FC transactions, the END
block is identified by an escape sequence and transmitted
with other data blocks as part of a CONTINUE PDU. For
IR transactions, the END block is identified by the PCBH
and may be transmitted along with other data/parity blocks as
part of a CONTINUE PDU. The END block is acknowl-
edged through the end block received (EBR) indicator in the
ARQ Status PDU. The transmitter and receiver continue
retransmission procedures for recovering data only up to and
including the last sequence number. Any new data that
arrives in the transmit buffer requires the initiation of anoth-
er transaction.

Radio Link Protocol
Partial Recovery and Error Handling

In both modes of operation, the transmitter and receiver can
detect anomalies in protocol operation and trigger recovery
action. Recovery occurs by aborting the current transaction
and starting another one as necessary.

The transmitter RLP may abort the current transaction
at any time by transmitling a BEGIN PDU to initiate a new
transaction. Evenls such as the acknowledgment of previ-
ously acknowledged dara, acknowledgment of data not yet
transmitted, and excessive number of retransmission
attempts are flagged as protocol anomalies by the transmit-
ter RLP. If the number of anomalies that occur within a
sliding time window exceeds a predetermined threshold, the
transaction is aborted.

The receiver RLP may trigger a transaction abort by send-
ing an ARQ Status PDU with 2 null bitmap or an abort indi-
cation. Events such as the receipt of data outside the receiver
window or the receipt of multiple copies of the same data arce
flagged as protocol anomalies by the receiver RLP. If the
number of anomalies that occur within a sliding time window
exceeds a predetermined threshold, the transaction is aborted.

The transaction is also aborted if a long period of inactivity
is detected at either the transmitter or receiver.

Time Slot Formats

The 30 kHz spectrum usage, symbol rate, and TDMA format
(six time slots every 40 ms) are maintained as in the 15-136
.standard [1] in order to minimize impact on existing infra-
structure. However, the time slot contains new ficlds that are
required for PDCH functions.

Downlink Time Slot Format
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Guard field {see 15-136 {1]). Guard is_always modulated using ~/4-DQPSK ... ..

h

using 1/4-DQPSK.

Ramp field (see 15-136 [1)) allows mobile stations to increase transmit power. Ramp is always modulated

Preamble (see 1S-136 [1]}

T

Synchronization field (see 15-136 [1}). SYNC is always modulated using 1/4-DQPSK

Data Field Type specifies the mode and modulation for. the DATA field in the time slot, CSFP/CDFT is
always modulated using /4-DQPSK. L e e

131 (/4-BQPSK)
119 (8-PSK)

Carries Layer 1 Service Data Unit.

12 (8-PSK)

Provides phase reference for coherent demodulation of 8-PSK.

B Table 9. Uplink field sizes and functions.

3 8 14 3 131

1 sizes are maintained as in the uplink
i time slot case, and these fields are

[ 6| | pream | swnc | corr | Data

| /4-DQPSK modulated using n/4-DQPSK.

Summary

[Data | ] pata [ 7| pata [p]oaa | p | sk

This article has described the specifi-
cation of a high-data-rate packet data

26 3 31 3 31 3

service for the North American digital

i TDMA cellular standard, TIA/EIA

w

..

® Figure 13. The uplink time slot format.

1S-136 [1]. Details of the RLP, MAC,
and physical layers are provided. The
specification has the following fea-

3 3 8 14 3 109

tures:
»Upper layers (1.3 and above) consis-
tent with GPRS

22

l [ ] R | prEAM ] SYNC ]CDFT[ Data

« Aggregation of multiple time slots

| ac | wa-paesk
g

*Flexible allocation of uplink and
downlink bandwidth

* Adaptive modulation

*Incremental redundancy and fixed

[oata [ P [ pata [P] Data | P | Data | Pl spsk

coding modes

26 3 31 3 31 3

: The standard is likely to be
3 . approved by the time this article is
- ¢ published. Implementations are

® Figure 14. The plink abbreviared time slot.

The downlink time slot formats for x/4-DQPSK and cobherent
8-PSK are shown in Fig. 12. The slot format is identical for
both the IR and FC modes. The shaded ficlds are always
modulated using n/4-DQPSK. The different field sizes and
functions are summarized in Table 8.

Uplink Time Slot Format
The uplink time slot formats for n/4-DQPSK and coherent 8-
PSK are shown in Fig. 13. The shaded fields are always modu-
luted using =/4-DQPSK, and the slot format is identical for
both the IR and FC modes. The different field sizes and func-
tions arc summarized in Tabhle 9.

_ Uplink Abbreviated Time Slot Format

Abbreviated uplink time slot formats are defined for packet
data service deployments in large cells. The only differcnce
from the regular uplink time slot format is that an abbreviated
guard (AG) field of size 22 symbols is defined at the end of
the time slot (Fig. 14). The DATA ficld contains only 109
symbols in the n/4d-DQPSK case and 97 symbols in the case of
coherent 8-PSK. The G, R, PREAM, SYNC, and CDFT field

expected in early 2000.
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1. [INTRODUCTION
error control on telecommunications ¢
and wait ARQ, due to its simplicity,

cuits where the (round trip propagation
length, such as satellite circuits at voice
rates, the throughput efficiency of stop an
to transmission delay, permits efficient error con

hannels, and curren
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delay x data rat

d wait ARQ su

s been made by G
inciuding Select

A summary of ARQ techniques ha
expressions for several ARQ techniques,
tive Repeat ARQ design?, derives efficicncy equations,
ured performance of the

The Selective Repeat ARQ (5RQ)
Figure 1.
to avoid wait

2. DESCRIPTION
for operation in the configuration shown in
wait ARQ, it must effectively be disabled,
sions. The Transmit Interface Adapter recogn
block from the DTE transmitter with an ACK.
Transmit Interface Adapter to
tinuous data stream from the

¥hen the dat

the Error Control Transmitter.
Error Control Receiver and re-assembles it int

Maryland

tly enjoys

e) pro

-band data rates or terrestria
Select

£fers badly.
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ive Repeat.
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ing the full round trip
izes the terminal block formatr, an
The result is a nearly continuous

The Receive Inter

Zugestelit

o 25,

& S-DE 1asg

Aug. 2003

Frist

. LLIFST
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SRQ SYSTEM
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Figure 1. Selective Repeat ARQ System

receiver. The adapters mu
dent error control, which
Error Control System.

The Error Control -Transmitter

2.1 Transmitter
Ts it into no relation

formats &t into 512 bit blocks, (which bear

st be compatible with the complete OTE c¢o
provide a serial synchronous data stream,

accepts
in lengt

mmunications protocol. ;
can be directly connected to the Basic

serial synchronous data from th

h to the. DTE block structure),

Automatic Repeat Request (ARQ) has proven an effective means of data transmission
widespread commercial cpplization.
ly used technique on terrestrial circuics.
duct is a significant fraction of the block

1 long lines at group band data

ive Repeat ARQ, being insensitive
trol transmission on these circuits.

Stop
For cir-

in which he derives generalized efficiency
This paper describes a particular Selec-

versus the meas~

herein is a full duplex device, intended

a terminal (DTE) employs its own stop and
delay between block transmis-
d immediately responds to each
flow of data provided by the

face Adapter accepts the con-
o DTE data blocks for the terminal

DATA

ACK )
: LINE
DATA
ACK
LINE

DTEs without resi-

e adaprer, and
as shown in

The block address—and data

Figure 2. Successive blocks are transmitted without pause for acknowledgment.
- YCLiC
BLOCK DATA ACK/NAK ACK/NAK HOUS € c
ADDRESS (473 OR 475 BITS). ADDRESS WORDS _ KEEPING CHECK
{7 817S) (507 BITS)| (3 8175) | (3 g11s) | (19 BITS)
Figure 2. Block Structure s . .
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portion of each transmitted blc/ck is also stored in the transmit queue memory, as jllustrated in the trans-
mitter block diagram in Figure 3. When the remote Error Control Receiver receives a block, an ACK or NAK de-
cision is made based on the efror detection process, and this ACK/NAK decision i's address labeled and returned
to the local site 1n the retvin channel data blocks. ACK'ed blocks are discarded from the queue. A NAX'ed
plock is retrieved from the. queue, retransmitted, and retained in the queue until it is finally ACK'ed. The
throughput efficiency of t¥e SRQ results from the fact that blocks are continuously being transmitted without

pause for acknowledgment ; and that only errored blocks are retransmitted.

Each transmizted data block is labeled with a 7 bit (modulo 128) block address, provided by the
block address counter Through gate TI st the Segmmng"é each new block of data accepted from the DTE. This
address, which is ine.remented by 1 for each new block, identifies the order in which the blocks must be re-
asserbled at the receiver. When a new block is to be transmitted, gate C2 accepts the block address and data
from gate Cl and passes it to gate C3. Here the ACK/NAX decisions from the return channel receiver, along
with identifying address, and housekeeping bits are added in composing the block. The block address and new
data from gate C2 are also fed to the transmit queue memory for retention.

RETURN
FORWARD FORWARD CHANNEL
CHANNEL CHANNEL ACK/NAK
ACK/NAK ACK/NAK ADDRESS
DECISION ADDRESS AND DECISION
FROM RCVR  FROM RCVR FROM RCVR

Y

™ “queue

. |  ADDRESS
DATA LOOKUP |

S —

FROM . — ENCODED
c! c2 3 BLOCK

TERMINAL H>— o 4441‘/1 o OATA TO

EQUI PHENT ol o | ENCODER HODEN

OoR
ADAPTER

°L°§:U:$2:‘55 TRANSHIT | DATA HOUSEKEEP I NG

QUEUE  |OUTPUT
LogBLOCKS| DATA

X {NPUT
L, 8ITS READ ADDRESS e
WRITE ADDRESS ADDRESS
COUNTER

Figure 3. Error Control Transmitter (Local Site)

The transmit queue has the capacity to store Ltq blocks, each Ly bits in lengcth, where

Ly » (BLOCK ADDRESS LENGTH) + (DATA LENGTH)

and

= data rate in bits per second

P " maximum round trip delay in seconds

<
B " total block length in bits

s total delay in seconds, of the SRQ circuitry

™~ O OR

The transmit queue wri i " counte
te address is provided by the queue address counter, a modulo L., counter whi h is in-
cremented ance for every block transmitted. ’ : tq ¢ .
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The distant recelver error checks each received block, and ACK's or NAK'S appropriately on each re-

turn channel block. Consider transmitting new data block Bs.

On a maximm round trip delay channel ,
data block B, ~ must be transmitted.
tq

N
a new data block can be transmitted and stored in that location.

the queue as the data source, and block B; is retransmitted and retained in

read address, i
(mod Ltq)

tant site. New data block Bi'Lt is held up during the retransmission,
q

queue location (iol)(mod Ltq)' assuming that block Bj.y was ACK'ed.

of (re)transmission, all blocks that have yet to be acknowledged.

Two alternative means of address 1abeling ACK/NAX return decisions have been utilized.

the remote receiver strips the block address off each block received,
ACK/NAK decision for that block. This scheme requires that
each block transmitted, the queue location of that block.
if necessary. In Mode B, a modulo L, counter in the remote
initial SRQ synchronization process,
ized to the same state, then the receiver counter address
block.

local site to address the transmit queue and access the desired block.
as will be shown, results in somewhat superior throughput performance.
the receiver counter loses synchronization with the transmit queue address
state could occur. Suitable safeguards have been
favored onec.

Three housekeeping bits are added to each block transmitted by gate C3.

and storing it in queue location ‘(modulo L,

its acknouledgbent i{s returned to the transmitter just before new
I1f By was ACK'ed, transmit queue location i(nod L..)
tq

receiver counts received blocks.
this counter and the transmit queue address counter are both initial-
is the transmit queue address for each received
When this address is used to identify the return ACK/NAK information,
Mode
The possible risk of Mode B is that if
counter, data loss or a hangup
incorporated in the design, however,

Q"
is cleared, and

If B; was NAK'ed, however, gate C2 selects

location i(mod qu). The queue

is derived from the ACK/NAK address returned with the ACK/NAK decision from the dis-

and is then transmitted and stored in

Thus, the transmit queue storves, in order

in Mode A .

and uses it to identify the returned

the transmitter store
when the block address accompanying the ACK/NAK de-
cision is returned, the lookup memory provides the queue ‘read address to access the

‘in a lookup memory, for
block for retransmission

1f, during the

it can be used directly at the
B is simpler to implement, and

making Mode B the

These status bits identify

system initialization, £ill block, and block resynchronization transmissions and communicate alarm conditions

to the remote site. (Fill blocks are transmitted when no
Jditions when the receiver cannot handle new data. These
and discarded by the receiver.)

Cholce of the block length involves trading off fixed overhead ver

be retransmitted in the event of error. The block address,
housckeeping (3 bits), and to a great extent
head.

(7 bits),

Ignoring second order effects, the total overhead per block is

O * Lg - p (error block)

i

where

0F = fixed overhead = 37 bits
Lg = block length

and for randomly distributed errors
P (error block) = l-[l—Pb)Lﬂ

Py = P (bit error)

Block length was chosen to minimize OT/LB for bit error rates in the lxlo"

3%; [o; ! . l-(l-Pb)Lé] =0

-0, 172

L
e s -(1-P,) B log, (1-P,) = 0

Substituting'Pb -.lxlo'4 and solving for Lg. optimum block length is just over 628 bits.

DTE data is available, oOF under certain 'wait’ con-
blocks must be labeled so that they may be

jdentified -

sus the number of bits that must
ACK/NAK address and word (8 bits),
the error check bits (19 bits) must be regarded as fixed over~ -

range. Calculating Ly,

Since a block length

of 2" bits is convenient from an implementation standpoint, a block length of 512 bits was chosen.

The SRQ is designed
bits per second. The SRQ circuit delay is four 512 bit blocks.
20 blocks.

The

The error control is a 511 bit word BCH
block. The BCH remainder, 18 bits
ones word invalid (ignoring the odd parity bit) .
of S or less errors in a block are detected.

to handle a maximum round trip delay, Dp. of 800 ms at a data rate R, or 9600
transmit queue 1ength, Leq,

chosen is

code, with an added odd parity bit to achieve a 512 bit

in length, is inverted prior to transmission, making an all zeros or all
The minimum distance of the
Burst errors of 19 or fewer bits are also

code is 6, so all combinations
handled.
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2.2 Receiver *At the receiver, blocks are not necessarily accepted in the same order as that in

which they arrived at the transmitter. Consider again the case where block By contains an error in the first
transmission. The order in which blocks are accepted at the receiver is;

By.2, Bi-1. Reject Biers =m0 Pi'Ltq-l' Bi Bi'L:q' -

The receiver must reorder the blocks correctly before they can be released. This necessitates address label-
ing each new block transmitted, and a2 receiver storage, the receive queue (see Figure 4), in which blocks can

FORWARD FORWARD RETURN RETURN

CHANNEL CHANNEL CHANNEL CHANNEL
ACK/NAK ACK/NAK ACK/NAK ACK/NAK
DECISION ADDRESS ADDRESS DECISION
T0 XMTR T0 XMTR TO XMTR TO XMTR

cycLic
DECODER 3 BIT SHIFT REGISTER

DATA DATA

* L DATA OUTPUT
INPUT OUTPUT
_
) - RECEIVE = TO TERMINAL

QUEVE OR ADAPTER
qu BLOCKS

- WRITE X READ
ADDRESS Ly BITS ADDRESS

RECEIVED
DATA
FROM
MODEX

STORE
’ ADDRESS
LOGIC

READ
ADDRESS
COUNTER

Figure 4. Error Control Receiver {Local Site)

be reassembled in numerical order prior to release. The abilicy of the receive queue o continue handling
good blocks while waiting for the repeat of an errored block is the key feature is SRQ. The only throughput
loss results from retransmitting errored blocks; there is no waiting period following receipt of an errored
block, and no correctly received blocks are retransmitted.

In theory, the receive queue must be infinite, to allow it to continue handling new data blocks
regardless of how many retransmissions are required to get an errored block through. When a receive queue of
finite length reaches capacity while awaiting accepting of an errored block, the receiver must NAK further new
data blocks that cannot be allocated to the queue, and data telease must be suspended until the errored block,
which has advanced to the front of the queue, 1is received correctly. When the previously errored block is
finally accepted, data release from the queue can Tesume, and new data blocks can again be accepted.

The choice of a receive queue length of forty blocks, (n=2), results in an efficiency degradation of
less than 5% at a bit error rate of 1x10-3, according to the efficiency expression developed in Section 3. At
bit error rates of 1x30~-4 and above, the wwait" contribution to efficiency loss is negligible. :

The ACK/NAK decisions made by the receiver eyclic decoder are stored in a three bit shift register. .
The contents of this register are transmitted back to the distant site as the ACK/NAK word, (see Figure 2). "
This triple redundancy in ACK/NAK transmission minimizes the effect of reverse channel error rate on forward
channel throughput./

3. TRANSMISSION EFFICTENCY In an ARQ system each received block is checked for errors and jnitially
classified as either a good block or an error block. GCood blocks are tested further and additionally classi-
fied as a block available for release to the data terminal, an unrequested (thus unnecessary) repeat of a
block previously accepted for release, OT a wait block. Wait blocks are good blocks that must be NAK'ed be-
cause the receiver queue is full. Total blocks received are simply the good blocks plus error blocks. Effi-
c?cncy of an ARQ system is measured as the ratio of blocks released to total blocks weighted by block effi-
ciency.

g o Blocks Released Message Bits/block
Total Blocks Total Bits/block
which can also be expressed as'

r

E = Good blocks-Unrcquested Repeats-Wait blocks
Total Blocks

(x/N)

» [P (good block) -P (unrequested repeat) - P (wait block)] K/N w
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In the analysis that follows, random errors are assumed. The block tength is 512 bits; thus, the
probability of an error block, B, is

p (error block) = 1-(1-Pp)°'7 = B
where Py 1s the bit error rate.
Therefore, the probability of a good block is
P (good block) = 1-B

3.1 Unrequssted Repeats As mentioned previously, ACK/NAK information about each received block is
included in three retum blocks, This feature affects the probability of an unrequested repeat. In addi-
tion, the required event for an untequested repeat is dependent upon the operating mode.

Mode A An unrequested repeat requires that a good block be received. The initial return block must
Pe rejected by the distant receiver followed by an error in either or both directions during the next two
block periods. (The reason errors pccurring in the forward direction are included is because valid block
rcumbers are not available to label the return ACK/NAK in Mode A when a block is rejected).

P(unnecessary repeat) = P(good)-P(error)-(1-P(good)2)2
= 4g5-88%.585-88

Mode B An unnecessary repeat requires that a good block be received and that three consecutive
Tetorn blocks be rejected by the distant receiver.

P(unnecessary repe?:) - P(good)-P(error)2 - (l-B)B3

3.2 Wait Blocks 1£ a block must be repeated three or more times, there is a possibility some sub-
sequent blocks will have to be NAK'ed, although received without errors, because the 40 block receive queue
has filled. These blocks are referred to as “wait" blocks.

The round trip delay is assumed to be 20* blocks; therefore, when a3 block is NAK'ed, it will be re-
ceived again 20 blocks later. The transmitter increments the block number counter (modulo 128) each time a
new data block is transmitted. Whenever a block is retransmitted, the block number counter is not incre-
mented.

Figure S is the event sequence. for a block received in errovr three times and accepted on its fourth
arrival. It depicts the block number received, whether it is an accepted, rcjccted (error block) or wait

block and the receiver queue allocation. For sxmplification. Block #1 is shown 3S being rejected three times.
The 19 blocks arriving in sequence positions W, - W19 could possibly be NAK'ed because the queue has filled.

pe——20 BLOCKS
ROUND TRIP "1 RT 2 _ RT 3 RY 4
BpLock J Revo |1} 2 v 204 112! . 39| 1 juojll .. 58| 1 ]59)4F - 58
ACC/REJ/WAIT |R{ A oot alr]a . A R\A‘H] PRI P T SRR
ALLOCAT 10 ————one THRy FORTY | 7] IF3 %

Figure 5. Event Sequence for a 19 Block Wait Period

For the queue to be full when a block arrives at position W, requires that (1) a block be received
in error three times and accepted on the fourth arrival, (2) there are no repeated blocks in the other 39
sequence positions, and (3) that the present block is good. The probability of a repeated block is

P(repeated block) = B « P(unnecessary repeat) = Py 2)

Therefore, the probability that a block arriving in position ¥, given that we are in event sequence position
W, is
1

P(wait in Wy/W;) = P(3 rej, !t good) -P(block ¥ = 41)-P(good)
- 83(1-8) (1-P)40(1-8) e 3

A block arriving in the second wait position can have a block number of 40 or 41 in excess of the block being
rejected three times. )

P(wait in Wp/Nz) = P(3 res, 1 good) [ (1-P,) 4140 p,(x-?,)w]l’(zood) - )

————————r——

*The saxisum allowable delay.
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Therefore, the probability of a wait given a block recelved in error three times and good on its fourth

arrival is

19
p(wait/3 rej, 1 good) = P P(W;)P(wait/W;)
iel

1
R N— AT
where P(W;) Sequence length

19 i-1 . .
SR GO

In the event a block is rejected four times, RT 1 to 3 are shown in Fig
in Figure 6. For this case, there are 38 sequence positions where bloc
has filled. Since a block may arrive in erTor any number of time

).

(6)

ure 5, and RT 4 to 6 are as shown
ks could be rejected because the queue
s and since the number of wait positions in-

creases by 19 for each additional block 1 rejection, the following relationships hold.

RT 4 RT §
BLOCK # RCVD 1 59 {41 e s811 59 {4} -
R W P
ACC/REJ/MAIT | R Vls"’zo “37 A “38 A
RCV QUEUE 1 2]l 2 3
ALLOCAT10N ONE THRU FORTY (KE T 52

RT 6 .
58|60 1596} 78
alajajna A
20421]22123 Lo
5960 61 62 . ”

Figure 6. Event Sequence for 3 38 Block Wait Period

P(wait) = P(wait/3 rej, 1 good) -P(3 rej, 1 good) *

p(wait/4 rej, 1 good) -P(4 rej, 1 good) s, .. +P(wait/£ Tej, 1 good) - P(£ rej, 1 good) ()

where
#£-2)19 L i3 . . s
P(wait/@ rej, 1 good) = Z 01‘2 z (.';SOX Prj (1-Pr)3901-) (1-8) )
1] j=0 .
and p(L. rej, 1 good) = s‘(l-s) 9

Substituting 8 and & into 7, the probability of a wait becomes

= . , @-219 . 121 000 ; 39013
p(wait) -g’s gt (1-8) ,Z,‘ el 31 ?Lo(j ) P (1-Py) 10

3.3 General Efficiency Expression

into equation 1, we O tain

Substituting the expression for P(unnecessarTy repeat) and pP(wait)

Mode A

£ - (K/N)[1-B-4B%+88"-587+B%- 23 sf a-9? i}l;;mg Ty ;z;;(’g" P‘,j(l-Pr)sg'i'j] (11)
where P = 30483-8340555-86

Mode B

E = (l_(/m[1-1;-»32(1-:;)-;{;3 s?(1-8) iz:zng -(-23%-72-)- :_2;:;(3;?‘*) Pr?(\_pr)39,‘i-j] (12

where P_ = B> (1-8)+B

4. TEST RESULTS

Laboratory testing was performed on the system

to confirm that actual and calculated

performances were in close agrecment. This testing consisted of {njecting random errors in the digital data
path. The results are shown in Figures 7 and 8 for Modes A and B respectively. The solid curve represents
calculated performance and the indicated points are measured performance data. Inspection shows that indeed
the system performs as expected in terms of cfficiency vs. random error rate.
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Testing over a combined terrestrial and satellite circuit at 9600 bps is presently under way. The
test circuit is marginal for operation at 9600 bps and the bit error rate varies widely. While insufficient
data has been collected to properly relate transmission efficiency with bit error Tate, an average of 87%
efficiency has been obtained for 40 hours of operation. Data on the residual ervor rate, interruptions in
operation requiring operator intervqption, and other performance measures is also being collected.

100}
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80 _\\
@ N\
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L .
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w x
“ 40 \
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N
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Figurc 7. Efficiency Curve, Mode A
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Figure B. Efficiency Curve, Mode B .-
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5  Overview of Hybrid ARQ Type II/II

1 Scope

This technical report captures the results of the work on the work item “Hybrid ARQ Type I/III". This includes
technical solutions and their comparison. The report covers impacts on all RAN WGs.

5.1 General Mechanism
Th; X 'm,_ ggffmnxLuLaxlxs of hybrxd \RO methods. The woms hybnd ARQ wepe 1, tvpe 1L and 1ype. ll! are used
2 References 1o the following defintio
The following documents contain provisions which, through reference in this text, constitute provisions of the present q rid 2
document.
. The AEQﬁ mclhg.ﬂm _QJMML&_ELAD%JLL mn; is referre Lu_ns_ﬂéxﬂ_i xm,lh»&a;_gﬂqkmw_l
o References are cither specific (identified by date of publication, edition number, version number, etc.) or c 5 s ot
non-specific.
. . _rgt_rgnsnms\_n_n_ of the mchl gRLC PDL\J_ S r;guuml_ '_!j!gc_ [V _\mgw_ Mg\c[ is dmgxrdcg and (_:_3. nemmmns yse
e For a specific reference, subscquent revisions do not apply. : . the same coding oy the first iransmissic o

e For a non-specific reference, the latest version applies.

[<seq>) <doctype> <#>{ ([up to and including}{yyyy[-mm]iV<a{.b[.c]}>}{onwards]}}: "<Title>". ¥

n 3G TS 25.123: "Example 1, using sequence field". : mc Lps 1 HARO 154 5"‘“‘““1 ‘“‘—&L“—‘H“‘ R“‘U'ldﬂ)‘d‘ ARQ scheme, T‘“\ “W...\M that an RLC-PDU hat is xo

2} 3G TR 29.456 (V3.1.0): "Example 2, using fixed text”,
3 Definitions, symbols and abbreviations ;;mw&_wm .\RQ [m- :,,- rglrgn;vmgg da o ot m_m ey is !g‘fmcm for cacly

: s ¢ decod
. ummmzamm [4
3.1 Definitions o Tape ILMMIMMaMLMMLHﬂMALiW_MMﬂMVM
ata part of the R
For the purposes of the present document, the {following] terms and definitions [given in ... and the following) apply. need to ) mde in lh: nh\ sical layer before n £an bL e ndxd and any ulumlﬁ 9 xon!.e'_&u.(_l.».\:u_h_l.xl.!bc RLC:
PDU detected.

Definition formar

Type 11 hybrig ARQ
<defined term>: <.definition: .

example: text used to clarify abstract rules by applying them literally.

3.2 Symbols

For the purposes of the present document, the following symbols apply: )
Svmbol formut .fmu‘:m L0V ‘mgﬁnm_l_hx Jetransmitied packet wnhouu.mgw_twmmusuri_h.suﬂwguul,n

T 4 4 irements ou the signalliop protogol luuxlc
mmmmm 1ype. Jyhui;l&Q

<symbol> <Explanation>

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

. Abbreviwion formut

- <ACRONYM> <Explanation>

with ndaucy vl 10
4 Background and Introduction J@Mﬂ.&&&l&m_lﬁowvcr the Cfmﬂm‘!':_x‘.'ls_l&j_d_l‘_f_ﬂ_lpr ed in the recciver and Lumluncd wiy
ILLARSMISSIOnS uqz_kmﬂ_\mmgmmwdum.uw amg in the foun of i
repeution gnde.
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6 Hybrid ARQ Type I/l in UTRAN Layer 2 and

Layer

6.1 Protocol Architecture

Drift RNC, and the Servin,

3

for combining
BX buffering for
RLC-SDU reassembly

ALC

Conbining of

Liglransmisgions

JTable 1: Functions

plit for hybrid ARQ

type {l/1ll in the UE, NodeB, CRNC/DRNC, and SRNC in UL

direction

UE
- -

Node B
..

CRNC / DRNC SRNC

RLC

Laver

Table 2:-Functio,

lit for hybrid AR

e Wil in
direction

NodeB, CRNC/ORNC, a

SRNC in D

TR-ab.cde-0.0:0{2000-07) |

| possibly

Release 2000

U UTRAN
Ugplare
Uplane
e data
RLC RLC
RLCPOUE , lur(optional)
i
MACOsh [~ MACd MACd 1‘- MAGdish
MACPDU (Transpart Blocks) with TR i
(vialubintesface)
LGB LI (nNde B) !

Physical charned camying cetn snd HARQype VI
sideinforesion

Figure 1 Pr. k overview for ri HAlE =

MAQ gnd ph)&ls,gl layer,

6.2 Usage of logical channels and transport channels

6.2.1 Usage of logical channels and transport channels with Case A

PDY data, This logicad channe] ean be mapped to the followi ANSPO els:
2.DTCH can be mapped outo the DCH.

H uil e £

Best Available Gopy
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¢) TCH coan be mapped onja the Dsuﬂ,_l)_u__tmll_h_(_gxnsmmsmn of side iatormation over DPCH

As plrcady possible in release 99, a second Jogical channel can be used for RLC control PRUs. The use of this secand

lugical chanugl is tndependent from the hybrid ARQ type T/ operatioy.

822 Usage of logical channels and transport channels with Case B
The hxbml A_&Q s J,M.,m,d. side information can b produced gnto two POUS, respecively, User data and side

MAC-d as following cases;

at DTCH can be mapped onto the DCH,
W DTCH can be mapped onge the DSCH
£3 DTCH c4n be mapped onto the DEH and DSCH

mcd as c.\Lh RL - Pl U g ng d mlu W) ti nuh ‘i nce

6.32 Usage of transport channels and physical channels

6.3.1 Usage of transport channels and physical channels with Case A

The hybrig ARQ user data angd side infornation can be transmited on the dedicated ot shared channeis, Following cases
~ oy n h, S‘Q“qiﬂ x!&‘g‘

M DCH can be wapned onte the PCH

" DSCH can be mapped onte the EDSCH

€3 DSCH cai be mapped onto the PRSCH + DPCH
’. H g 0] 1 ilie PUSCH

- phasical ghdunc) is gL\b_g}Mngru_chbx,,u_qmﬂ_g_n prz,esq_l_\g_ghgm in Laver |, no spec ],gi vo-ordipatiug of the user
_i,d,ﬂ_é.ms__d&.ms‘ 4 .mmmuhub‘ nal )r.‘.&Jﬂ.ﬂ ﬂ_un_usimw o he MAC and RLC laver cnsure 8 synchronised

m&mﬂzx‘_,m,_h)g and upknmﬂ_,igms,_g_‘g,_uml 1SSIOoR Qver lh', lu imerface and schedylin ,g_m MA{, _-QLS of the
contoiling RNC

6.3.2 Usage of transport channeis and physical channels with Case B

The hybdd ARQ wser dala and side information can be transmitted on the dedicated or shared channeds, tollowing cases
Lin !lt ggmﬁ\ggrgg

al DCH cun be migpped onta the PPCH
by DSCH cup be mapped onto the POSCH
) DGH and DSCH can be mapped onto the PPCH and PDSCH, respectively

80-08136-TR-ab.cde VO 0-0{2000-07) |
'\_L ay 'md m'[_ L{»\RQ USET, dm'\, '\nd mk mlnu_m jon gr g m qgg;d one ll\t‘ ~gmr Phy<1c1! C hannci(\) qmu‘ one

&rmp..x;l;x%z&clmmﬂm&jgﬂﬂ&m&m»;wm

6.48 Examples of Interlayer Procedures

6.4.1 Examples of Ir_\teriaver Procedures for Case A

6.4.1.1 Data Transfer on Uplink

and is equally valid for usage o other transport chanvels, ¢.3. DCH.
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] Gexv | [weavats _Jj[cANC-maC ] [SARC-MAC ] [cAnc-RAE ]} [sanc-aic_] [SARC-RAC ]

LC buBer scanning

Crpacity Requgst |

SHCCH: MAC4Ink-Onla-IND

Capacty Requpst )
Schedutiag '

SHCGH:MAC -(nit-Dala-]

Capacity Requpst |

HCCH: MAC-Unp-Omts-IND Prysng 1
L t
CMAG-C/SKD|Contig-REQ o REG {
F N T e - RO S o S BN R,
] - MAC-Dat-REQ: H
3 [oatnrnasfer {wih HARQ  |pw a '
Hnwe st | twih HARQ H
H — Rvd.Vers.. ..} | Parametes hst{ Duia shd :
H Reg.Ven.. .. || MoRisipres | " :
\ | Parambtors on | twkh HARG H
i " USCH R:':::n "L MAC:Data-IND: 1
‘ p Red-vert. whh HARQ !
H Paramaeter lisi; 1
H RAsd.Von.,...} H
: H
L e R L T R il Rttty T T B R L L T R L Lo ST T _———t
CMAG-G/SH/M|Contig-AEQ CMAC-C/EH-Contb AED
MAG-Oats-REQ
PeCH : {PDU-AE ]
WAC-Data-ND (PoUjAex |

{POU-Ach |

Figure 2 Example procedure for uplink data transfer using hybrid AR e |t on USCH.

The relevang part in the shaded area is egually valig for usage on other transpont chapnel, ¢.p. DCH

64.1.2 Data Transfer on_Downlink

In ¢ose of corrupled transtmission on the Uu interface, the same procedure which was already described for the uplink
case {in section 6.3.1) applies

-

Release 2000 "R-ab.cde-V0.0.0{2000-07)

.
MAC-Daln4ND U lud o
UE-ARC l UE-ALC H UE-wAe ] [ Uy [ Heden 1 [cAncmac_][SANC.MaC chnnc.anc Hl"c-uu: ”uuc-lac l
ALC bulter vcanning
Behaduling
SNCCH:MAC-UPN -Data-REQ
2 SHCCH Dan 1 PRySHCN Allecatlen |
KHCCH: MAC-URn-Data:IND T
{Pay8nChAbocation | .
CMAC-C/SHD L onlig-REQ . MAC 1p-RE:
jerorvoduonncans [ R — dreveorsrdeercteredecrabrerde e e de s rnn e de e e e eracanan B
Vo MAC.D.
i {with HARQ :
H IPHY-O. g st: H
! Dats sny with H4RO Red.Vars ..} H
! i H
v lanand BARQ d.Vels....) H
H PHY-Dals-IND: L H
' MAC-Oate-tND: {[wih HARQ  [DBCH H
H {wkn HARQ srameter st [
H Parame : {Red.Vers...} H
H Red.Vers..... ¢
' H
H [
H .
H .
4 .
H 1
| TP - - - -_--r.---, ----- A Y pupupu S cremadeccccnnad cned
’
CMAC-G/8nD|Contig-REQ cuacc
BAC-Dats-REQ
{POU-Ack |
rhu-acu| )
MAE-Dats-IND
[POV-Ack |

Eiqu Exam rocedure for downlink data transfer using hybrid AR nin DSCH in TDO
mode.

6.4.1.3 Data Transter on Downlink with DCH+DSCH

ssion over a downlink shared chanael while
2, SC q CY VLIS

Alsy, additivnal problems arise if the controlling

high wranswmission delays has to be involved, In,

side informati iffere s
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MAC-CiSN-Daa-IND | 14T eide it armation)
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WARD Yy pa BT
i int aomiglesy DYCH ¢ DOEN): DO Dain ACK

' it vorration] E
OCH: WPHY -One-RE]
R el e,

10 MACA) afler
DSCH scheduling.

Infortmuion it pussgd
buck fum MAC-c/sh

DSCH rtatcd

ntormation is pessqd

¢ Node B i DCH
frame prowocod for
synchronted
tansmission,

igure 4 Data flow for Acknowle -mgde data transmission o CH using logical

word and split transmission of hybrid AR

{AN data and side information.

6.4.2 Examples of Interlayer Procedures for Case B

mmmm wml ing.

“' a1se .9 specification and. nrodmcs

tit of TFCL-

y new PO

Reloase 2000 8 00 813G TR ab.cte VO 5.0{2000-07)
6.4.2.1 HARQ user data and scde mformanon are !ransmltted 10 receiver using one
physical channel, DPCH

ingla gk zhc HARQ user (_jnga and ;L)c ather mcludg lhg side information \fm' associated HAR user data.
As shown in figure 3, the Jowcharis similac Refensg 99,
The difference is gs follows;

|ming_s,gx_i\fmmm
- Bath produced signals are trassmitted to Node B through MAC-d,

ﬂxixgmm_s&Lﬂxxs Queraiion is dong be mmmmmmmmm
- RRC sends the received infoomagon (o Layer 1,

The flowchart for uplink in Case }

Figure 6 shows a flowchary when the proposed scheare supports uplink.
In this ge

- diffs CeS A (85

cion 2.1, 1, the mansmitter and receiver sire UTRAN mld UE
s g;]]\«;;]y l}x( G WIY. i !h]E section, they ,mgmm e

~ o reeciver, UTRAN, the received daty is tnnsmitted from Node B (o apper Yaver theough fub,

6.42.2 HARQ user data and side information are transmitted to receiver using one
physical channel, PDSCH

Ag shown in igure 7, this case can be applied 1o dowuliuk HARD 1ype Wil

1o MAC-d ac o,t_i_l_&m Rq!g; ase 99,
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(ide kot Data, TFIZ)
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{ User Dats,
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DTCH UDCENH ) : DCH :Pam ACK

oy

Figure 6 Exampie unlink procedy
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Release 2000
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transmission
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[Side Data)
DCH : PHY.Osta-REQ
PustH TR TF2) . . ‘
Pk vt te ’
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DSCH - MAC. /5Dt [ Do PHY DetaiND ¥
. W |Sice nformaton Dats,
Cortrol SAF JTCH MACDatriND 1 oy ey Data feicator]
[Side on Dats, Data indicatar]
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Version Nutrber,
Dats Indvcator)

Contral SAP
Sequence Numbat, Vertidn murber, Dsts Incicator)

O5CH | PHY.Data-IND
DSCH : MAL-C/SH-Data-, {User Data}
IND .

DTCH ; MAC-Daty-ING {User Oata)

{do~) eIaDIIDAY |Sog

OTGH YOECH ) : DCH : Deta ACK
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Figure 7 Example downlink procedure when HARQ user data and side information are transmitted to receiver using a one physical channel, POSCH.
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6.54 Services provided bylnterace-te the Physical Layer

6.54.1 Functions of Layer 1

6.54.2 Interface to Layer 1

6.5.2.1 Interface to Layer 1 for Case A

d\s;llllml&‘.lls.‘
o Tothe PHY-DATA-REQ primitive on the transmiiting side, the pamme cyuired side information for
| 11 ace U hlack set contal 3| vide

- i3l of SeAUENCE 1Y

*  Tothe PHY-DATA-IND primitive on the receiving side, for basic operalion no parsmeters have 1o be added,

Best Ava'\!iafp%e copy

Ltm e

Page 185 0f 187



Rolease 2000 23 3G TR 25.835 V0.0.21(2000-08)

6522 Interface to Layer 1 for Case B

- HY-DATA-REQ primitive, which
gucsgt AaTH mg (mg Format lndlgalor] and a TBS memppa %L Sct) as parameters. The HARQ user data and
side informatiop are mansmitled from MAC 10 Laver | with sawe primitive fornat, PHY-DATA-REQ,

On nr < cxvmg sgdl, the PHY DI\TI\ |ND ;_mgnh\u_ mssu the rcqu; d'\ ta with \hc p_'_\ '\mcwr) TFI TBS. and CRC
T

u'\mmlnu an additienal mmnmnnn_;_g,\so m>q11.d at the pnmm\'u PHY I)ATA IND. The fl)\g of & gld tigna)
wfdrmation {3 (o indicate the relaion between HARQ user data and side inforativn,

The folowing extension fo the Ql'-]ll. Hives from Relense 99 allow hybrid ARQ 1ype T operation under these

o Toihe PHY-DATA-REQ primitive on the ransuitting side, the pe
which is defined ot Release 99

6.65 MAC Protocol

6.6.1 MAC Protocol for Case A

i nh
Layer | on h&_m §m itting «dg H\S e\)lq&gmg!lnl\ ofg Pty ﬂg yj_[x,mn gx: erent RLC engines inla; g

6.6.2 MAC Protocol for Case B

o maor changes ¢ -0l have been i i Some additional funcli ity can bhe ~d The

of_fhis gdduional §i n\g];‘\,gghs_.

6.76  RLC Protocol

6.7.1 RLC Protocol for Case A

For the sdaptation of the RLC protocof 1o hybrid ARQ type U operaii
RLC PDU format should be the same as for Release 99,

6.7.2 RLC Protocol for Case B
No major changes  the RLEC protocol have been identified.

Some addigonn functionality as tollowing will be needed
- Produce aboul a new PDA for side infoanation of HARQ tvpe (1§l

Roleﬁa 2000 24 3G TR 25.835 V0.0 21(2000-08)

6.84 RRC Protocol )

6.8.1 RRBC Protocol for Case A .

Sowe addiional parametets for the configurgiion of hybrid ARQ tvpe W will be wuﬂ.ﬂ@.z& ed o new
nrocedunes or modific gmlg‘m_mcgu}ugg procedyres has beeu jdentifjed. The detuils o itoual pargmeters gro
ifs,

6.8.2___RRC Protocol for Case B

No major ehanges 10 e RRC prowcol have been identified.

Some additonal functivoalicy 35 following will be needed,
- Configuration RLC protucol for producing new PRY including side informadon of ybrid ARQ jype 1WHI
- Supportthe interface RRC protocol and RLC protocol tor hybrid ARQ type Wil operation
- Suppor the interface RRC protogol and Physical fayer for hybridd ARQ 1ype WIHN operation

ils o this additional functionality

7 Physical Layer impacts
7.1 Overview of physical layer mechanisms
7.2 Performance evaluation

7.3 lmpacts to UE and Node B complexnty .

;m‘smsail.on_znan.«,s.__lm CUsY Way M,m. HARO f;_m.oxulm would be (o agngcg R ;QQ Im e existing RLC ARQ
prot Qco! L..LLL..\ '\=g Ag Ks are ;mgmuulc'\, l\ tgwcgn g L ang RN( RLC§, -\, gg 91] cnn ining is done on L1
‘ -, 3 ory

buffer = (coded bits ey, ppy % failed PDUsinTTI X (1a1eNncy o piy +1016NCY 440 ))

uhm;u ﬁ 'l,S.),uB]Ld for (J\c s1kc ot cm_uy that g_\lj_js,gg_(_)’_w}_\__bfl 5!1 &Lg__gw_ug gtg nng 1. 1 j]:][ !) hg: 1-\, 1_(:\; 1o Y]
A

the samwe ocation as (he (st trmasmi ngg symbol, 50 the pumber oL reurnnsmiss 0gs 00l y refles
buffering nged. Type 1 HARQ is sending smaller blocks than type. 1 with soft. cgmb.l,nms.mu_u,umct.s,wm tns 10
reserve room fora whole symbol in the receiver for assemblipg the incremental information; thes type Land type I
butfering dovs not differ a 1ot if the Jowest encoding rate js the same.
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8 Impacts on UTRAN Interfaces
8.1 Impacts on lub

8.2 Impacts on lur

9 Specification Impacts
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