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POWER CONTROL IN A WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not applicable.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] This invention relates to power control in a mobile radio system or wireless
communication system, and more particularly, to controlling received power levels in a code

division multiple access (CDMA) radio system.
2. Description of the Prior Art

[0003] Typically, radio signals transmitted with increased power result in fewer errors when

received than signals transmitted with decreased power. Unfortunately, signals transmitted with
excessive power may interfere with the reception of other signals sharing the radio link. Wireless |
communication systems employ power control schemes to maintain a target error rate of a signal

received on a radio link.

[0004] If areceived signal includes a rate of errors far above a target error rate, the received
signal may result in an undesirable effect on a delivered service. For example, excessive errors
may lead to broken voice during voice calls, low throughput over data links, and glitches in
displayed video signals. On the other hand, if the received signal includes a rate of errors well
below the target error rate, the mobile radio system is not efficiently using its radio resources. A
very low error rate may mean that a signal is transmitted with an excessive level of power and
that user could be provided a higher data rate. Alternatively, if the power level of a signal is
sufficiently reduced, additional users may be serviced. If data rates are increased, a user may
receive a higher level of service. Therefore, if a target error rate for each user is met within a

tolerance threshold, a radio resource may be more optimally used.
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[0005] A wireless communication system often employ one of either an open loop scheme or a
closed loop scheme to control uplink transmit power of a mobile radio. Uplink typically refers to
the radio link from a mobile radio to a base station, where as the downlink typically refers to the
link from the base station to the mobile radio. A mobile radio is not necessarily mobile and may
also be referred to as a mobile, a user, user equipment (UE), a terminal or terminal equipment. A

base station may also be referred to as a Node-B.

[0006] The error rate is related to a received signal to noise-plus-interference ratio (SNIR); a
higher SNIR generally results in a lower error rate; and conversely, a lower SNIR generally
results in a higher error rate. The exact relationship between SNIR and error rate, however, is
often a function of several factors including radio channel type and the speed at which a mobile

is travelling.

[0007] A target error rate is often reached using a two stage process, which includes an outer
loop and an inner loop. A first process may operate as an outer loop and may be tasked to adjust
a target received SNIR (SNIR Target). This first process tracks changes in the relationship
between SNIR and error rate. The outer loop sets an SNIR Target that is generally used several
times by the inner loop. Periodically, the outer loop may adjust or update this SNIR Target used
by the inner loop. For example, if an actual error rate exceeds a desired error rate, the outer loop

may increase the value of the SNIR Target.

[0008] A second process operates as an inner loop and tries to force the link to exhibit the
SNIR Target determined by the outer loop. The inner loop may operate by closed loop or by

open loop means.

[0009] In the open loop method of the inner loop process, a UE uses an SNIR Target value that
is derived by the network and signalled to the UE. The inner loop running in the UE attempts to
maintain the SNIR Target. The UE uses the information signalled to it and monitors the received
strength of signals it receives to determine a power level at which it will transmit.
Advantageously, this open loop method compensates for fast channel fading by determining the

path loss on a per frame bases and by adjusting the transmit power accordingly. Unfortunately,

2
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this open loop method is relatively slow at compensating for changes due to interfering signals

from other transmitters.

[0010] In the closed loop method of the inner loop process, a closed loop scheme operates to
match an SNIR Target. A received SNIR measurement is made by the network on an uplink
signal. The SNIR measurement is compared within the network to the SNIR Target value. The
inner loop drives the system to match the SNIR Target by issuing transmit power control
commands from the network to a UE. The commands instruct the UE to increase or decrease its
transmitted power by a predetermined step dB amount. Unfortunately, such closed loop methods
demand a very high command update rate to adequately compensate for fast channel fading
because of the single-dB-step commands used. At slower update rates, fast channel fading is not
tracked adequately since a large number of iterations and long delays are needed to compensate

for a change in power that is substantially larger than the dB-step value.

[0011] Both the closed loop scheme and the open loop scheme have their disadvantages.
Therefore, an improved method and system are needed that better balances the conflicting goals
of reducing errors in a received signal while also reducing interference imposed on signals
received at other receivers. An improved method and system are also needed to better reduce the

overall residual SNIR fluctuations experienced by each users signal at a receiver.

BRIEF SUMMARY OF THE INVENTION

[0012] Some embodiments provide a method of power control in a radio communications
system, the method comprising: determining a path loss of a radio channel between a base station
and a remote transceiver; receiving a transmit power control (TPC) command transmitted to the
remote transceiver from the base station; and calculating a transmit power level for the remote

transceiver based on the path loss and the TPC command.

[0013] Some embodiments provide a method of power control in a radio communications

system, the method comprising: receiving a signal at a second transceiver transmitted from a first

transceiver; measuring a power level of the received signal; receiving a transmit power control

(TPC) command at the second transceiver transmitted from the first transceiver; and calculating a
3
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transmit power level for the second transceiver based on the power level of the received signal

and the TPC command.

[0014] Some embodiments provide a method of uplink power control in a CDMA radio
communications system, the method comprising: receiving an uplink signal; determining an error
metric of the uplink signal; updating an SNIR target based on the error metric;measuring a
received SNIR of the uplink signal; comparing the measured received SNIR with the SNIR
target; assigning a first value to a step indicator if the measured received SNIR is greater than the
SNIR target, and assigning a second value to a step indicator if the measured received SNIR is
less than the SNIR target; transmitting a transmit power control (TPC) command instructing a
transmitter to adjust an uplink transmit power level based on the step indicator; receiving the
TPC command including the step indicator; accumulating the step indicator value; broadcasting a
downlink signal including an indication of a downlink power level, wherein the signal is
transmitted at the downlink power level; measuring the received power of the downlink signal;
and setting a transmit power level base on the received power level, the indication of the

downlink power level, and the accumulated step indicator value.

[0015] Some embodiments provide a method comprising: measuring a power level of a
received signal; receiving a transmit power control (TPC) command; and calculating a transmit

power level based on the power level of the received signal and the TPC command.

[0016] Some embodiments provide a radio comprising: a receiver including an output to
provide a measured received power lével; an accumulator having an input for accepting step
increase and decrease instructions and an output providing a sum of past step instructions; a
power level setting circuit coupled to the accumulator output and coupled to the receiver output,
wherein the power level setting circuit sets a transmit power bases on the accumulator output and
the measured received power level; and a transmitter, wherein the transmitter transmits a signal

at the set transmit power.

[0017] Other features and aspects of the invention will become apparent from the following

detailed description, taken in conjunction with the accompanying drawings which illustrate, by

4
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way of example, the features in accordance with embodiments of the invention. The summary is
not intended to limit the scope of the invention, which is defined solely by the claims attached

hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGURE 1 shows a block diagram of a wireless communication system.
[0019] FIGURE 2 illustrates a wireless communication system using an open loop scheme.
[0020] FIGURE 3 illustrates a wireless communication system using a closed loop scheme.

[0021] FIGURE 4 illustrates a wireless communication system using elements of both open

loop and closed loop schemes, in accordance with the present invention.

[0022] FIGURES 5A, 5B and 5C each illustrate a simulated probability density function of the
received SNIR in the network. '

DETAILED DESCRIPTION OF THE INVENTION

[0023] In the following description, reference is made to the accompanying drawings which
illustrate several embodiments of the present invention. It is understood that other embodiments
may be utilized and mechanical, compositional, structural, electrical and operational changes
may be made without departing from the spirit and scope of the present disclosure. The
following detailed description is not to be taken in a limiting sense, and the scope of the

embodiments of the present invention is defined by the claims of the issued patent.

[0024] Some portions of the detailed description which follows are presented in terms of
procedures, steps, logic blocks, processing, and other symbolic representations of operations on
data bits that can be performed on computer memory. A procedure, computer executed step,
logic block, process etc., are here conceived to be a self-consistent sequence of steps or
instructions leading to a desired result. The steps are those utilizing physical manipulations of
physical quantities. These quantities can take the form of electrical, magnetic, or radio signals

capable of being stored, transferred, combined, compared, and otherwise manipulated in a
5
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computer system. These signals may be referred to at times as bits, values, elements, symbols,
characters, terms, numbers, or the like. Each step may be performed by hardware, software,

firmware, or combinations thereof.

[0025] FIGURE 1 shows a block diagram of a wireless communication system. A network 100
may include one or more base station controllers 120, such as a radio network controller (RNC),
and one or more base stations 110, such as a Node-B, wherein each Node-B is connected to an
RNC. The network 100 communicates with one or more users 140, 150 through a channel 160,

also referred to as a radio link, created between a base station and a user.

[0026] Two mechanisms are primarily responsible for changes in the SNIR of a signal

travelling through a radio link.

[0027] First, changes in the channel affect the SNIR. The instantaneous path loss between a
base station and a user may vary as the user changes position or the user’s environment changes.
Rapid changes rﬁay occur as a result of a transmitted signal combining constructively and
destructively as the signal travels along multiple paths from a base station and to the user.
Additionally, slower changes may occur due to attenuation of the radio waves with increased
distance between the base station and the user. Slower changes may also occur due to signal

obstruction by buildings, vehicles and hills.

[0028] Second, signals from other transmitters affect the SNIR. For example, signals intended
for other mobile radios or other base stations may increase interference in the radio link and thus

reduce a received signal’s SNIR.

[[0029] In Time Division Duplex (TDD) systems, both uplink and downlink share the same
carrier frequency. Due to this reciprocity in the links, path loss measurements made on the
downlink by a mobile radio may be used estimate the path loss on the uplink. Thatis, a
measured downlink path loss may be used to estimate the uplink path loss. The estimated uplink
path loss will be less reliable with the passing of time but méy be adequate within a frame period.

Therefore, a mobile radio may determine a transmit power level for an uplink transition that
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compensates for an estimated uplink path loss, thereby providing a received signal to a base

station at an expected input power level.

[0030] Downlink path loss measurements may be facilitated by a beacon channel, which is
transmitted from a base station at a reference power level. A mobile radio is informed of the
actual transmit power level being used by the base station for the beacon channel. In addition to
knowing the actual transmit power level of a beacon channel, the mobile radio may measure a
received signal power level. By measuring the received signal power level, the mobile radio can
compute a downlink path loss as the difference between the actual transmit power level and the
received signal power level. Thus, the mobile radio is able to estimate the uplink path loss in a
channel between the base station and the mobile radio and properly set its uplink transmit power

level.

[0031] The path loss calculation may be updated as often as a beacon signal is transmitted and
received. In a UTRA TDD system in compliance with the third generation partnership project
(3GPP) specifications, a beacon signal is transmitted either once or twice every 10 milliseconds
(ms). If an uplink transmission follows a beacon transmission within a relatively short period of
time, a mobile radio can compensate for the fast fluctuations (fast-fading) in a radio channel.
Such is the case for mobiles travelling at slow to moderate speeds if a beacon signal is
transmitted either once or twice every 10ms and the uplink transmissions occur in the intervening

period.

[0032] Additionally, a radio channel may be adversely affected by changes in interference
levels over time. These temporal interference changes may be accommodated by a base station
_measuring and communicating interference levels seen in each uplink timeslot. In a UTRA TDD
system, a table having values of the measured interference for each timeslot may be broadcast to

all users via a Broadcast Channel (BCH). The broadcasted information may be updated
approximately every 16 frames (160 ms) depending upon the system configuration. In other
embodiments, a mobile radio may receive this interference table as a signalled message directed

to the individual mobile radio.
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[0033] The 3GPP specifications describe two separate schemes for power control of uplink
channels: an open loop scheme and a closed loop scheme. For example, in 3GPP 3.84
Megachips per second (Mcps) TDD systems, open loop power control is specified for all uplink
channels. In 3GPP 1.28 Mcps TDD systems, open loop power control is specified only for
physical random access channels (PRACH). Also defined by 3GPP is an implementation of a
closed loop power control scheme. For example, see 3GPP recommendations for UTRA TDD

systems operating at 1.28 Mcps for non-PRACH uplink channels.

[0034] In a wireless communication system using an open loop scheme, a network and UE use
an outer loop to update and signal to the UE an SNIR Target value, thereby influencing the UE’s
transmit power. The network updates the SNIR Target value to be signalled based upon an
observed error rate on the uplink. Once received, the mobile radio takes into account the
signalled SNIR Target value when deriving a transmit power level that it will apply to the next
uplink signal transmitted. )

[0035] Ina3GPP 3.84 Mcps system incorporating an open loop scheme, a network instructs
the UE with an SNIR Target value. The network also signals its beacon transmit power level and
may also provide a measure of uplink interference for each timeslot as measured by the network.
The UE receives an input signal that is typically a combination of attenuated versions of the
network signal, which passed through a radio channel, along with interfering signals from other
transmitters. The UE measures the received power level of the attenuated network signal and
determines a path loss of the radio channel. The UE also decodes the signalled SNIR Target
value from the network signal. The UE computes a transmit power level based on the SNIR

Target value, the determined path loss and, if available, the uplink interference measurements.

[0036] FIGURE 2 illustrates a wireless communication system using an open loop scheme. A
UE transmits 200 user data at a determined transmit power level. An uplink signal 202, which
includes user data 204, propagates through the radio link. The network receives an attenuated
version of the transmitted signal. The network measures 207 an uplink interference value and

determines 206 an error metric of the uplink signal. The network may use the measured uplink

NAC1002
Page 11



interference value to update 208 an interference measurement table. The interference

measurement table may include average measured interference levels for each uplink timeslot.

[0037] The network also uses the error metric to update 210 an SNIR Target value. The
network transmits 212 SNIR Target in a signalling message on the downlink 214, which includes
the SNIR Target 216. The UE receives and saves 220 the SNIR Target. The network also
broadcasts 222 a beacon signal on the downlink 224. The downlink 224 propagates the signal,

~ which includes an indication of the bea'lcon power level 226, over the radio link. The network
may also broadcast the interference measurements 228. The UE measures 230 the received

power level and saves 232 the interference measurements for later processing.

[0038] With the measured power level and the signalled beacon power level, the UE may
determine a path loss. The UE may use the saved received SNIR Target 216, the saved received
interference measurements 228 and the computed path loss to set 234 a transmit power level.
This transmit power level may be used by transmitter 200 to set the power level of transmitted

user data 204 on the uplink 202.

[0039] The 3GPP specifications also define a closed loop scheme. For example, a 3GPP
1.28 Mcps system employs a closed loop scheme using an outer loop and an inner loop. The
closed loop TPC scheme is the primary power control mechanism used for all non-PRACH
channels in a 1.28 Mcps TDD system. The closed loop TPC scheme is not currently employed
for the uplink of 3.84 Mcps TDD systems.

[0040] The outer loop determines an SNIR Target value and the inner loop uses the SNIR
Target value. The outer loop includes network components that determine an error metric, such
as a bit error rate, a block error rate or a CRC error count, on uplink traffic from UEs. This error
metric is used to set and update an SNIR Target value. An inner loop includes network
components that use the SNIR Target value computed and set by the outer loop. The network

measures a received SNIR value of the uplink signal.

[0041] Next, a comparator determines whether the measured SNIR value is greater than or less
than the SNIR Target value. If the measured SNIR value is greater than the SNIR Target value,
' 9
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the network signals a transmit power control (TPC) command on the downlink instructing the
UE to reduce its current transmitter power by a step value (e.g., 1 dB). On the other hand, if the
measured SNIR value is less than the SNIR Target value, the network signals a TPC command

instructing the UE to increase its current transmitter power by the step dB value.

[0042] In a system employing only a closed loop power control scheme, several TPC
commands may be necessary to properly bring the UE’s transmitted power in line with the SNIR
Target value. For example, if a path loss increases from one frame to the next by 15 dB, the
system will take 15 TPC commands to compensate for the 15 dB fade. A UE accumulates the
increase and decrease TPC commands to determine a proper uplink transmit power level. By
increasing and decrease uplink power levels of each UE, a network attempts to control the power
level of each UE such that the ratio of the received uplink energy level per transmitted bit to the
spectral density of the noise and interference signals is a constant value. This TPC command
adjustment process is performed for each UE in a cell. The constant value, however, may be

non-uniform among the UEs depending upon the configuration of the system.

[0043] In aclosed loop TPC scheme, the inner loop SNIR is maintained via a closed loop
method using binary feedback. The feedback indicates either power up or power down. Every
time a TPC command is received an integrator in the UE is used within the inner loop to update
the UE transmit power by a step amount +/-A dB. The TPC commands themselves are derived
by the network and are signalled to the UE via a downlink channel. When calculating the proper
TPC command to send, the network measures the received SNIR and compares this measured
value to an SNIR Target value. If the SNIR is too low, an up command is sent. If the SNIR is
too high, a down command is sent. The target SNIR value is updated by the outer loop based
upon the observed error performance of the link. In this way, both the inner and outer feedback

loops are closed by the TPC signalling.

[0044] FIGURE 3 illustrates a wireless communication system using a closed loop scheme.
The closed loop scheme includes an outer loop in which a UE transmits 300 user data over the

radio link in an uplink signal 302 that contain the user data 304. The network determines 306 an

10
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error metric of the received uplink signal. Using the error metric, the network computes and

updates 308 an SNIR Target value.

[0045] The closed loop scheme also includes an inner loop in which the network measures 310
the received SNIR of the uplink signal 302. The network compares 312 the measured SNIR with
the SNIR Target determined in the outer loop. The inner loop generates and transmits 314 a TPC
command based oh the comparison 312. A downlink signal 316 carrieé the TPC command 318

over the radio link. The UE accumulates 320 the TPC commands and uses the accumulated TPC

commands to set 322 a transmit power for future uplink transmissions 300.

[0046] A mobile radio system employing either an open loop scheme or a closed loop scheme

has its advantages and disadvantages.

[0047] The open loop scheme advantageously adapts quickly to path loss changes. If the path
loss is observed to have worsened, for example by 15 dB in one 10 ms interval, the transmit
power may be adjusted accordingly. A further advantage is that the open loop may continue to
be partially updated in the absence of user-specific feedback signalling. For example, when a UE
does not receive updated SNIR Target values, the outer loop pauses but changes in the path loss

may continue to be tracked.

[0048] Disadvantageously, the timeslot interference level update rate in an open loop system is
relatively slow. Therefore, a system using an open loop scheme is slower to adapt to interference
changes than a system using the closed loop scheme. A further disadvantage of the open loop
scheme is that interference is considered to be the same for all UEs in a particular uplink
timeslot. That is, each UE assigned to a timeslot uses the same interference measurement
signalled by the base station on the BCH. A commonly used interference measurement table
makes assumptions about the statistical nature of the interference and does not consider the
| individual cross-correlation properties of the uplink channelization codes. It is thus left to the

outer loop to compensate for these effects, but unfortunately on a slow basis.

[0049] Conversely, the closed loop only scheme is less able to adapt to fast path loss changes

because the closed loop can only move by a step A dB during each update. Thus, if the path loss
11
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has changed between updates by 15 dB and the step A dB value is only 1 dB, the closed loop is
not able to adjust quickly since it can move only by 1 dB during each cycle. Therefore, for the
same update rate (e.g., once per 10 ms), a closed loop TPC scheme is less able to track the fast
fading observed in common mobile radio channels. Furthermore, the closed loop may not be

updated during a pause in transmission of the TPC commands.

[0050] Advantageously, the closed loop is relatively quick to respond to uplink interference
changes since both path loss and interference are accommodated by the same loop. The closed
loop scheme using TPC commands has a further advantage in that it allows for per-user
interference adaptation, in contrast to the open loop scheme, which broadcasts an average

interference table for each timeslot.

[0051] In accordance with the present invention, aspects of both an open loop scheme and a
closed loop scheme are strategically combined to form a power control method. Some
embodiments of the present invention advantageously combine elements of both open loop and
closed loop schemes to control power levels, thereby avoiding one or more of the disadvantages

associated with either of the separately used schemes.

[0052] In accordance with some embodiments of the present invention, a UE incorporates the
TPC structure of a closed loop scheme and the path loss estimation structure of an open loop

scheme. Some embodiments of the present invention allow for both relatively quick adaptation
to fast fading and also allow for per-user interference adaptation, and retain the ability to partially

update the power control loop even in the temporary absence of TPC commands.

[0053] Some embodiments of the present invention require modifications to one or more
elements of a standard mobile radio system. For example, some embodiments require changes to
just a UE, while other embodiments require modifications to just the network. Embodiments that
modify a UE but not the network allow the UE of the present invention to operate with legacy
base stations. Similarly, embodiments that modify the network but not the UE allow the network
of the present invention to operate with legacy UEs. Still other embodiments of the present

invention require modification to both the network and the UE. Embodiments modifying
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standard network elements may include changes to just a base station but not a radio network

controller (RNC). Other embodiments modify both a base station and an RNC.

[0054] Some embodiments of the present invention, incorporate a loop havirig three
components: an open loop component located in the UE, an SNIR comparison loop located in the

network, and an SNIR update component also located in the network.

[0055] First, an open loop component may be located in the UE and driven by measured
beacon received power levels and path loss calculations. This loop tries to adapt to all
instantaneous path loss changes on a per-beacon transmission basis. The partial power calculated
by this loop is a function of the beacon signal transmission power (Pr;) and the beacon received
signal code power (RSCP) and is denoted P,pex(k), where k represents the current frame number.
Pr; is known to the UE and derived from the base station signalled power level (428, FIGURE 4)
and the measured power level for frame k, (RSCP(k)), may be determined by the UE receiver
(432, FIGURE 4). P,,e(k) may also be a function of a constant value (C) to ensure that the

transmission arrives at an appropriate power level.

P,..(k)=B, - RSCP(k)+C

[0056] Second, an SNIR comparison loop is located in the network, such as in the Node-B.
The SNIR comparison lobp is driven by received SNIR metrics. A received SNIR is compared
to a SNIR Target value, which is set by an outer loop. A comparison result leads to the
signalling of a TPC command that is signalled to the UE to change its transmit power. Binary
signalling may used, such that the TPC command indicates a change in transmission power by a

fixed amount either up or down. Altemately, a multi-level TPC command may be used.

[0057] Third, an outer loop is located in the network, such as in the Node-B or RNC. The outer
loop is driven by the data error statistics observed on the uplink transmissions. The outer loop is

responsible for setting an SNIR Target level for the SNIR comparison loop.
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[0058]) An optional auxiliary process in the UE adjusts the transmit power based upon: (a) ysr,
the spreading factor (SF) of the physical channel; and (b) Srrc, the selected transport format
(TFC).

[0059] Thus, for the current frame £, the UE may calculate the transmit power F, (k) as shown
below where X is the initial frame number determined when the power control process begins;
TPC;is -1 for a down TPC command, +/ for an up TPC command and 0 if no TPC command is
received; and step is the magnitude of the amount added to an accumulator upon receipt of each

TPC command. The transmit power P, (k) may be updated for every frame period.
Alternatively, the transmit power P, (k) may be updated each time a new TPC command is
received. Alternatively, the transmit power P, (k) may be updated only when either a TPC

command or a new power level is received from the network.

k
PTx(k)= Popen(k)"'SteP' ZTPC.' +¥s + Brrc

i=k-K

[0060] An embodiment of a power control scheme, in accordance with the present invention, is
shown diagrammatically in FIGURE 4. The ysr and Brrc adjustment factors are not shown for

diagrammatical clarity.

[0061]) FIGURE 4 illustrates a wireless communication system using elements of both open
loop and closed loop schemes, in accordance with the present invention. A UE transmits 400
user data at a determined transmit power level. An uplink signal 402, which includes the user
data 404, propagates through the radio link. The network receives an attenuated version of the
transmitted signal.

[0062] The network determines 406 an error metric of the uplink signal 402. Optionally, the
network measures an uplink interference level and may update 422 an interference measurement
table. Data measured or computed from uplink measurements may be entered into the

interference measurement table. The interference measurement table may include average
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measured interference levels for each uplink timeslot. Within the network the error metric may

be used to update 408 an SNIR Target value.

[0063] The network also transmits 424 a beacon signal. The downlink signal 426, which
includes an indication of the beacon transmit power level 428, propagates over the radio link.
Optionally, the network may broadcast the interference measurements 430. The UE saves 432
the signalled power level, measures the received power level and, if available, saves 434 the

interference measurements for later processing.

[0064] Asin aclosed loop scheme, a UE transmits 400 user data over the radio link in an
uplink signal 402 that contain the user data 404. The network determines 406 an error metric of
the received uplink signal. Using the error metric, the network computes and updates 408 an
SNIR Target value.

[0065] The network also measures 410 the received SNIR of the uplink signal 402. The
network compares 412 the measured SNIR with the determined SNIR Target. The network
generates and transmits 414 a TPC command based on the comparison 412. A downlink signal
416 carries the TPC command 418 over the radio link. The UE accumulates 420 the TPC
commands and uses the accumulated TPC commands in part to set 436 the transmit power level

for future uplink transmissions 400.

[0066] As in an open loop scheme, with the measured power level and the signalled beacon
power level, the UE may determine a path loss 7, ,, (k). The UE may use the saved received
interference measurements I(k) to adjust the transmission power following a pause in

transmission or following a pause in receipt of TPC commands. The UE may use the

k
accumulated TPC commands ZT PC; the computed path loss F,,, (k), adjustment factors

i=k-K

¥ & P and optionally, adjustments based upon I(k) to set 436 a transmit power level. This
transmit power level B, (k) may be used to set the uplink power level of transmitted 400 user

data on the uplink 402.
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[0067] The downlink signal 426, which contains the power level 428 and may contain the
interference measurements 430, is broadcast in a cell. Previous UEs using a closed loop scheme
do not use measurements of the downlink received power while monitoring the power level
signalling in a beacon broadcast to set the uplink transmission power. Similarly, previous UEs
using a closed loop scheme do not compute or do not use computations of the downlink path loss
while processing TPC commands. A previous UE simply follows the TPC commands as it is
instructed to set its transmit power level. If a network instructs a known UE to increase its
transmit power by one step amount, the previous UE shall increase its power level by one step

amount.

[0068] In accordance to the present invention, a UE may receive a TPC command instructing it
to change its transmit power by one step level in a particular direction, but the UE may actually
change its transmit power level by a different amount or in fact an amount in the opposite
direction. The UE uses the TPC only as a factor in determining whether to increase transmit

power level, decrease transmit power level or leave the transmit power level unchanged.

[0069] For example, assume a UE just transmitted a burst to a Node-B at 20 dBm over aradio
link with a path loss of 110 dB. The received power at the Node-B receiver would be —-90 dBm,
which is the difference between 20 dBm and a loss of 110 dB. Next, assume the Node-B wants
to receive an uplink signal from the UE at -89 dBm. The Node-B would signal and the UE
would receive a TPC command instructing the UE to increase the uplink transmit power level by
1 dB. Also assume that the path loss improves from the previous frame to this frame by +10 dB
(e.g., from 110 dB to 100 dB).

[0070] A previous UE would transmit the next burst at +21 dBm, which is the sum of the
previous level (+20 dBm) and the step increase (1 dB). The transmitted +21 dBm signal would
probably reach the Node-B at —79 dBm, a signal level that is +10 dB too great because the

channel improvement was not taken into account. -

[0071] In accordance with the present invention, a UE would account for the new path loss.

The previous transmit power level of +20 dBm would be decreased by +10 dB to account for the
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improved channel path loss of +10 dB. The resulting transmit power level would then be +10
dBm. The UE also accounts for the TPC command by adjusting the transmit power level by the
desired step of +1 dB, resulting in a new transmit power level of +11 dBm, which both accounts
for the improved channel (+10 dB) and accommodates the Node-B’s desire to have a received
signal with a step increase (+1 dB). The +11 dBm would reach the Node-B at the desired level
of -89 dBm if the channel pathloss estimate was accurate. As shown in this example, the
transmit power level dropped 9 dB (from +20 dBm to +11 dBm) even though the Node-B TPC

command instructed an increase of 1 dB.

[0072] Therefore, even though a UE receives a network TPC command instructing it to step up
or down its uplink transmit power by 1 dB, the UE may actually change the transmit power level
by a different amount. In fact, the UE transmit power level may change in a direction opposite of

the TPC command as exemplified above.

[0073] During a period of inactivity on the uplink 402, TPC commands 418 may not have been
received by the UE. The UE transmit power level for a subsequent initial transmission 400 may
be determined using current updates of the open loop component. That is, the initial transmit
power level may be determined based on the beacon power level 428, the measured 432 received
power level, and optionally the interference measurements 430. The open loop component does
not require feedback, thus may continue to be updated every beacon transmission even during the

uplink transmission pause.

[0074] The history stored in the TPC accumulator may be stale. In some circumstances the -
history may be considered useful and is not reset. Alternatively, the accumulated TPC history
could be used to set the uplink transmit power level but with some excess power margin added to
ensure a clean start to the loop. Alternatively, the UE may decide to discard the accumulated
TPC history and to reset it to a default or initial value. The default or initial value may optionally

be based upon a received interference measurement table 430.

[0075] The ability of the open loop component to compensate for fast fading is a function of
the channel speed and the delay between the beacon timeslot and the uplink timeslots. Open loop

17

NAC1002
Page 20



control is often effective at pedestrian speeds as well as at higher speeds if the uplink slots are
placed close in time to the beacon. At high mobile speeds, it is likely that power control
performance will be improved if beacon RSCP filtering is enabled at the UE. The UE is
responsible for detecting whether or not filtering should be applied to the open loop component.
Automatic detection of the channel speed may be performed by the UE in order to control the
enabling of RSCP filtering. -In some embodiments of the present invention, a UE disables a
combined open loop/closed loop scheme operating in accordance with the present invention

when a UE passes a threshold value indicative of mobile speed.

[0076] Simulations have been performed to illustrate the performance advantages of some
embodiments of the present invention. The radio channel simulated here represents an ITU
indoor to outdoor and pedestrian model B channel as described in ITU-R M.1225 Guidelines for
Evaluation of Radio Transmission Technologies for IMT-2000. The outer loop SNIR target was
based upon a 1% error rate. A residual SNIR error term observed at the base station was

monitored.

[0077] FIGURES 5A, 5B and 5C each illustrate a simulated probability density function of the
received SNIR in the network. In each of the simulations, approximately 10,000 received SNIR
values are sampled. Simulation results for each scenario are grouped and collected into bins.
The vertical axis shows a number of occurrences for a particular range (bin) of received SNIR
values. A sampled received SNIR value that fall within a range defined by a bin is counted as an

occurrence for that bin.

[0078] FIGURE 5A shows simulation results for a system using only an open loop scheme. In
this plot, the bin width is approximately 0.42 dB. The simulation results show a system good at
tracking fast fading in the channel, but not as able to track the interference variations included in
the simulation. These values are only updated at the UE via signalling every 160 ms. As such,

the error term shows considerable variance at the receiver.

[0079] FIGURE 5B shows simulation results for a system using only a closed loop scheme. In

this plot, the bin width is approximately 0.48 dB. The simulation results show a system better
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able to track the interference changes, but not as able to track the path loss due to being limited in

response to the TPC command +/- 1 dB step size.

[0080] FIGURE 5C shows simulation results for a system combining aspects of both open and
closed loop schemes (as shown in FIGURE 4). In this plot, the bin width is approximately 0.24
dB. The simulation results show a system able to respond to both path loss and interference
changes. Additionally, the residual SNIR error term shows less variance. The plot shows that

the variance of this distribution is considerably reduced for the combined power control scheme.

[0081] For the above simulations (using the same fading and interference profiles for each loop

method), the following mean transmit powers were obtained:

Power Control Method Mean Transmit Power for 1% BLER
Open Loop: (FIGURE 2) 5.76 dB
Closed Loop: (FIGURE 3) 548 dB
Combined Loops: (FIGURE 4) 3.59dB

Table 1 — Performance of Power Control Schemes

[0082] For the simulated channel and interference scenario, the combined scheme is able to
maintain a 1% block error rate (BLER) using 2.17 dB less power than the open loop scheme and
1.89 dB less power than the closed loop scheme. In a real system, this power saving may equate
to greater cell coverage, higher uplink capacity and throughput, and increased battery life. The
magnitude of the gains may change with different channel speeds, types and interference profiles
but the performance of the combined should be better than both the open loop and closed loop

schemes when used individually.

[0083] In terms of signalling overhead, the combined scheme helps to avoid a need to signal
SNIR Target and interference levels on downlink channels, and has a similar signalling
efficiency as the closed loop scheme. In some embodiments, the signalling efficiency is 1 bit per

update.
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[0084] In a system using the combined power control scheme, a new physical channel on the
downlink may be used to carry fast allocation and scheduling information to a user, thereby
informing the UE of the uplink resources that it may use. This new physical channel could also
be used as the feedback channel for the combined power control scheme. For example, an
allocation/scheduling channel could carry TPC commands. Altematively, the combined scheme.
may be applied to existing channel types (dedicated or shared uplink physical channels) for
UTRA TDD as well as to other TDD systems.

[0085] Some embodiments of the present invention control uplink power levels and may be
incorporated into-a UE with supporting features incorporated into a base station. For example, a
Node-B or RNC may be implemented with a new parameter, either included in a signalling
command or a broadcast message, where the new parameter instructs a UE to enable or disable
the setting of uplink transmit power level based on both the path loss estimation and the TPC
commands. A parameter may indicate whether a UE is to use open loop power controI, closed

loop power control or a combined scheme.

[0086] Some embodiments of the present invention operate with a downlink signal including
both a TPC command and an indication of the downlink transmit power level. In these
embodiments, the downlink signal provides both downlinks 416 and 430 (FIGURE 4) in one
signal. A UE may receive one physical channel that it decodes for TPC commands, decodes for
downlink power level indications, and measures for received power levels. In these
embodiments, the UE measures a power level of a received signal, receives a TPC command, and
calculates a transmit power level based on the power level of the received signal and the TPC

command.

[0087] While the invention has been described in terms of particular embodiments and
illustrative figures, those of ordinary skill in the art will recognize that the invention is not
limited to the embodiments or figures described. For example, the combined uplink power
control scheme described above may be implemented a mirror image for controlling downlink

power. In this case, functions performed by the UE for a combined uplink scheme may be
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performed by the network. Similarly, functions performed by the network for the combined
uplink scheme may be performed by the UE.

[0088] The figures provided are merely representational and may not be drawn to scale.
Certain proportions thereof may be exaggerated, while others may be minimized. The figures are
intended to illustrate various implementations of the invention that can be understood and

appropriately carried out by those of ordinary skill in the art.

[0089] Therefore, it should be understood that the invention can be practiced with modification
and alteration within the spirit and scope of the appended claims. The description is not intended
to be exhaustive or to limit the invention to the precise form disclosed. It should be understood
that the invention can be practiced with modification and alteration and that the invention be

limited only by the claims and the equivalents thereof.
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CLAIMS

What is claimed is:
1. A method of power control in a radio communications system, the method comprising:

determining a path loss of a radio channel between a base station and a remote

transceiver;

receiving a transmit power control (TPC) command transmitted to the remote transceiver

from the base station; and

calculating a transmit power level for the remote transceiver based on the path loss and
the TPC command.

2. The method of power control of claim 1, the method further comprising transmitting an

uplink signal from the remote transceiver at the calculated transmit power level.
3. The method of power control of claim 1, wherein determining the path loss includes:

receiving a downlink signal transmitted from the base station, wherein the downlink

signal signals a transmitted power level of the downlink signal; and
measuring a received power level of the downlink signal.

4. The method of power control of claim 3, wherein determining the path loss further
includes computing a difference between the signalled transmit power level and the measured

received power level.
5. The method of power control of claim 1, the method further comprising:
generating the TPC command; and

transmitting the TPC comimand from the base station.
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6. The method of power control of claim 1, wherein the calculating the transmit power level

is additionally based on an adjustment factor.

7. The method of power control of claim 6, wherein the adjustment factor incorporates a

spreading factor parameter.

8. The method of power control of claim 6, wherein the adjustment factor incorporates a

selected transport format parameter.

9. A method of power control in a radio communications system, the method comprising:
receiving a signal at a second transceiver transmitted from a first trgnsceiver;
measuring a power level of the received signal;

receiving a transmit power control (TPC) command at the second transceiver transmitted

from the first transceiver; and

calculating a transmit power level for the second transceiver based on the power level of

the received signal and the TPC command.

10. A method of ﬁplink power control in a CDMA radio communications system, the method

comprising;:
receiving an uplink signal;
measuring a received SNIR of the uplink signal;
comparing the measured received SNIR with an SNIR target;

assigning a first value to a step indicator if the measured received SNIR is greater than
the SNIR target, and assigning a second value to a step indicator if the measured received SNIR
is less than the SNIR target;

transmitting a transmit power control (TPC) command instructing a transmitter to adjust
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an uplink transmit power level based on the step indicator;
receiving the TPC command including the step indicator;
accumulating the step indicator value;

broadcasting a downlink signal including an indication of a downlink power level,

wherein the signal is transmitted at the downlink power level;
measuring the received power of the downlink signal; and

setting a transmit power level based on the received power level, the indication of the

downlink power level, and the accumulated step indicator value.

11.  The method of power control of claim 10, further comprising:
determining an error metric of the uplink signal;
updating the SNIR target based on the error metric;
measuring an interference value in the received uplink signal; and
updating an interference measurement table with the interference value;

wherein broadcasting the downlink signal further includes the interference measurement

table; and

wherein setting the transmit power level is further based on a value in the interference

measurement table.
12. A method comprising:
measuring a poWer level of a received signal,

receiving a transmit power control (TPC) command; and
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calculating a transmit power level based on the power level of the received signal and the

TPC command.
13. A radio comprising:
a receiver including an output to provide a measured received power level;

an accumulator having an input for accepting step increase and decrease instructions and

an output providing a sum of past step instructions;

a power level setting circuit coupled to the accumulator output and coupled to the
receiver output, wherein the power level setting circuit sets a transmit power bases on the

accumulator output and the measured received power level; and

a transmitter, wherein the transmitter transmits a signal at the set transmit power.
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ABSTRACT

A method, system and apparatus for setting a transmit power control level in a wireless
communication system. Aspects of both open loop and closed loop transmit power control schemes
are used to determine a transmit power level. A method includes measuring a power level of a
received signal, receiving a transmit power control (TPC) command, and calculating a transmit

power level based on the power level of the received signal and the TPC command.
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***}t the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *3." ] o
The “Highest Number Previously Paid For* (Total or Independent) is the highest number- found in the appropriate box in column 1.
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Application Data Sheet

Application Information

Application Type::

Subject Matter::

Suggested Group Art Unit::
CD-ROM or CD-R?::

Sequence submission?::

Computer Readable Form (CRF)?::

Title::

Attorney Docket Number::
Request for Early Publication?::
Request for Non-Publication?::
Small Entity?::

Petition included?::

Secrecy Order in Parent Appl.?::

Applicant Information

Applicant Authority Type::
Status::

Given Name::

Middle Name::

Family Name::

City of Residence::
Country of Residence::
Street of mailing address::
City of mailing address::

State or Province of mailing address::

Country of mailing address::

Postal or Zip Code of mailing address::

pa-909817

Regular

Utility

Not Yet Assigned
None

None

No

POWER CONTROL IN A WIRELESS

COMMUNICATION SYSTEM

562492000500
No
No
No
No
No

Inventor

Full Capacity
Nicholas
William
ANDERSON
Bristol

United Kingdom
72 London Road
Bristol
Warmley
United Kingdom
BS30 5JL

Page # 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United Stutes Patent and Trademsck Office
Address: COMMISSIONER FOR PATENTS

P.O. Dox (450

Alexundria, Vingmia 223131430

www. wiplo.gov
| appLicaTIONNUMBER | FILING OR 371 (¢) DATE |  FRSTNAMEDAPPLICANT |  ATTORNEY DOCKET NUMBER |
10/917,968 08/12/2004 Nicholas William Anderson 562492000500

CONFIRMATION NO. 3609
25226 . FORMALITIES LETTER

e PAGE ML g TP T
PALO ALTO, CA 94304-1018 *OC000000014095438"

Date Mailed: 10/15/2004

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

items Required To Avoid Abandonment:

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 missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date, is required.

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

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $130 for a Large Entity

e $130 Late oath or declaration Surcharge.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

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

NAC1002
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G QL
Customer Service Center

Initial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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Page | of 2

Unrren States DarinNt AnD TRraDieMaRrK OFFIGE
— - UNVEED STATES DEEARTMENT GF COMMIKCT
Vayitad S5 Caod Pratomuek Offiee:
A KPR PATENTS

1
Alu

. Vi ML
| ATTLICATION WUMRRR ] FILING OR 371 (REDATE ] FIERT NAME] APPLICANT JK ATTORNEY 13 W KT N ='~'-‘HF»K-[
10/917 968 08/12/2004 Nicholas William Andersen SO2IU2RKIS
CONFIRMATION NO. 3609
gAsOZ%?QISON & FOERSTER LLP A Sl AN
OERSTE D S 0 30 T SR
755 PAGE MILL RD AR i Lok ] ALy ini g
PALO ALTO, CA 94304-1018 OC0UL00001 4095435

Date Mailed: 10/15/2004
8

P4

-

b

DEC 10 2004 " NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted
items Required To Avoid Abandonment:

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

+ The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CER 1.63, identifying the applicalion by the
above Application Number and Filing Date, is required.

+ To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(c) of
$120 for a non-small entity, must be submitted with the missing items identified in this lefter.

SUMMARY OF FEES DUE:
Tolal additional fee(s) required for this applicalion is $130 for a Large Entity

e $130 Late oath or declaration Surcharge.

Replies should be maited to:  Mail Stap Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.
12/13/2004 JBALINAN 00000106 031952 10917968
01 FC:1031 130.00 DA
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Custonger Serviee Cenler

Initial Patent Examination Division (703) 308-1202 L
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MORRISON & FOERSTER LLP
Attorncys at Law
755 Page Milt Road
Palo Alio, Cahfornia 94304-1018
Telephone: (650) 813-5600
Facsinile: (650) 494-0792

To;
NAME: FACSIMILE: TELEPHONE:
Mail Stop Missing Parts 703-746-4060 703-308-1202
U.5. Patent and Trademark Office
From: Bryan H. Wyman DATE: Dccember 10, 2004
Number of pages with cover page: 1t

Preparer of this slip has confirmed that facsimile number given is correct: 10349/mip2

CAUTION - CONFIDENTIAL

- This facsimile contains confidential information which may also he privileged. Unless you arc the addressee (or
authorized to receive for the addressee), you may not copy, use, or distribute it. 1f you have received it in error,
please advise Morrison & Foerster tLP immediately by telephone or fucsimile and retuen it promptly by mail.

Comments:

Attorney Docket No.: 562492000500

Group Art Unit: 2681

Examiner: Not Yet Assigned

Application No.: 10/917,968

Filing Date: August 12, 2004

Inventor(s): Nicholas William Anderson

Title: POWER CONTROL TN A WIRELESS COMMUNICATION SYSTEM

Papcrs encloscd:

1. Transmittal (1 page)

2. Fee Transmittal + duplicate copy for fee processing (2 pages)

3. Power of Attormey (1 page)

4. Notice to File Missing Parts, Part 2 (2 pages)

S. Dcelaration (2 pages)

6. Statement Under 37 CFR 3.73(h) with copy of Assignment (2 pages)

PA-9363606
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1

PTOSHI21{09-04)
Appxoved lo usa thraugh 077312006, OMB 0651-0031
U.S. Patent and Tradomuork Qthice; 1) 8 DEPARTMENT OF COMMERCE

Uritinr T Paperwork Reduction Act of 1095, no parsons ar mauimd 10 wapond to 3 collection of information unlens it displiys a valid OMB control mumber
Application Number 10/917.968
TRANSMITTAL August 12, 2004

First Nomed inventor Nicholas William

o

" O RM ANDERSON
Artunit 2681

{to be used for all correspondonce nfter initial fMing) - 2
Examiner Name Not Yet Assigned
Totat Numbar of Pages in This Submission 10 | Auomey Dosket Number + 555492000500

ENCLOSURES (Check all that apply)

- D . s . " ‘ |Aner Atlowanco Communication
x Fou Transmiltal Form + duplicate F Drawing(s) o TC

copy for fee proceasing (2 pages)

"_ f N Appeal Communication to B3oard of
- K ensing-nela apers PP .
[ ]Fea Attachod | lLIC(.I\ ing-refated Papers | Appeals and interferencas
" S P "] appeatl Communication 1o TC
l ‘NnendmenVReply I_J Felition I__ (Appeal Nolice, Briof, Reply Brief)
s Potition to Convert to a I]
Altor Einat Proprialary [nforination
L_] fror Fina Provislonal Application | Proprielony
[. IA[ﬁdavil.«Jdnclamﬁnn(s) X | Eower of Altormay, Reevacation |—] Status Latter
o i} Change of Corespondenne Agdreas ...
WA o (1 p"’go) .-
. . O Othor Enclosure(s) (please
2 Jeltitd ] ¢ r
LJ Extension of Timp Request E] Tarminat Disclaima X dentify bolow):
l Express Abandonment Requesl [ ] Roquest for Refund Notica to Flla Missing Parts, Part 2{2 pages)
- PRaclaralion (2 pages)
’ Intarmation Disclosuro Stalomont I 1 CD, Numbar of CDis} Statomant Unlur 37 CFR 3. 73() wilh copy of
—_— Ansignimont (2 panos)

"] Cedifind Copy of Priority l“—] Landscape Table on CD Fax Cover Fugs
Document(izy | b
™| Reply ta Missing Parts/ T Remarice |
l._"_ Incomplata Application
x | Renly 10 Missing Pants under
37 CFR 1.52 or 1.53
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT
Firm Name

MORRISON & FOERSTER LLP (Customer No. 25226)
Bryan HaWyman ~ 48,049

) PRSI

Bignature - P P B
f L
()2, A //7 . —
" £ v

Printed name Bryan H. Wyn{an

Date December 10, 2004 Reg.No. | 42040

t horahy caniy that ihis comrespondenta ie baing tagslmile 1pNEMitiod 1o the Fatent and Trademark Office,
lagsimile o, (703) 7464060, on lho dute shown below,

,/
Duted: Dapmibgue 16, 2004 Shgnzeture: "‘[)WL/J@{E;'[‘I&

(Maon Pattison)

pa-941826
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13:9@ I)EC 1@} amed |l‘.\l,. ™MW wib=—ayo3 TiouL v LI o (5 TV —r

PTOMSNMY (09-00)
Aporove for use Srough $1/372008. ONE DS51.0005
LS Patant wid Taademaek Oficy; U,5, DEPARKTMENT OF COMMERCE
Under the Pepermork Rncuction Act of THI0, no peions S8 mgurerd 40 respond © & collacsion ¢f klkaraafion uniers B obinkiys & vatd OME) rvial andr,
Application Nembey | 10/017 868
| Filing Date August 12, 2004
POWER OF ATTORNEY First Named Ioventor_| Nicholas Wiltiam ANDERSON
and POWER CONTROL IN A WIRELESS
CORRESFONDENCE ADDRESS |1 COMMUNICATION SYSTEM
INDICATION FORM Art Unit 2681
| Exeminae Name Not Yet Assigned
e Attormey Docket No. | 562452000500
¥ horoby appoink:
[x] Practitioners associated with the Customer Number [ 25226 ]
onr
[} Pracuionerte) ramod buiow:
Ry edration Regletration
Narmm Humper ) . Wumber

a:Wwawn)umﬂt)bwmmeMGabwn and 1o iremiact sif busineas in the United
Sintes Polord and Tadamak Ofics

-----

U The address associzied with the abovesnentioned Customer Number:

OoR
The address associatad with
o Customer Number:
Famor
IncBvidual Normg
Addrgsa
Clty State Zip
Country Telephone Fax
) thes

[ oo
mmmum of the antire intorest, Soo 37 CFR 3.71.
Ststament undor 37 CFR 8.73(b) I enclosod, (Fosm PTYSE/AE).
SBIGNATURE of Applicat or Assignes of Record

Name Danlel W, Burke, Vice ;s!dent and General Counsel
Signatura [ e, L

Date Docamber 10, 2004 | Tetephone | (650) 816-4163
NOTE; Signatures of aF the Civentons or asaignans of fooord of the BNEE KOO OF TION TEPresenttve(s) pm eqolred, SUbmit mutiplo

‘mﬂmﬂmwm&nb nect, Dt Dlow”,

[:] “Total of 1 forms =ro submitted.

1 - Docket No. 562492000500
Pa-930292
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PATENT
Dacket No, 562492000500

DECLARATION FOR UTILITY PATENT APPLICATION

AS A BELOW-NAMED INVENTOR, I HEREBY DECLARE THAT:
My residence, post office address, and citizenship are as stated below next to my name.

I believe | am the original, first and sole inventor of the subject matter which is claimed
and for which a patent is sought on the invention cntitled: POWER CONTROL IN A
WIRELESS COMMUNICATION SYSTEM, the specification of which is attached hereto unless
the following box is checked:

13} was filed on August 12, 2004 as United States Application Serial No. 10/917,968.

v THEREBY STATE THAT | HAVE REVIEWED AND UNDERSTAND THE
CONTENTS OF THE ABOVE-IDENTIFIED SPECIFICATION, INCLUDING THE CLAIMS,
AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE.

I acknowledge the duty to disclose information which is material to the patentability as
defined in 37 C.F.R. § 1,56.

1 hereby claim forcign priority benefits under 35 U.S.C. § 119(a)~(d) or § 365(b) of any
foreign application(s) for patent or inventor’s certificate, or § 365(a) of any PCT International
application which designated at least one country other than the United States listed below and
have also identified below, by checking the box, any forcign application for patent or inventor's
certificate, or PCT International application having a filing date before that of the application on
which prionity is claimed: :

Application No. Country Date of Filing Priority Claimed?
OYes CNo

L hereby claim benefit under 35 U.S.C. § 119(c) of any United Statcs provisional
application(s) listed below:

Application Serial No. | Filing Date

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or
§ 365(c) of any PCT International application designating the United States, listed below and,
insofar as the subject matter of cach of the claims of this application is not disclosed in the prior
United States or PCT International application in the manner provided by the first paragraph of
35U.8.C. § 112, I acknowledge the duty to disclose information which is materiai to
patentability as defined in 37 C.F.R. § 1.56 which became available between the filing date of
the prior application and the national or PCT International filing date of this application.

pa-910542
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Application Serial No. | Filing Date Status
ClPatented [Pending (JAbandoned

T hereby declare that al} statements made herein of my own knowledge are true and that
all statements made on information and belicf 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 § 1001 of Title 18 of the United States Code
and that such wiltful false statements may jeopardize the validity of the application or any patent
issued thereon. !

‘q“\ Nog_Zooy .\AAA/&(,U,\SQ}/\. .

Date Name: “Nicholas William ANDERSON
Residence: Bristol, United Kingdom
Citizenship: United Kingdom

Post Office Address: 72 London Road, Warmley, Bristol, BS30 $JL., United Kingdom

pa-910542
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180T EL LW, Simad IEL NU: bit-4iDo FLOcH  PHoL- J- o

QMRAR0 (05-03)
ApDiewd 1or i m:unomm OME 06510031
U5 Prtent and Trademark Ofiica; 1.5, DEPARTMENT OF COMMERCE:

___Undur $w Prporwce Riduetioh At of 1605, no parnons s mceimd 1 resncand i § enliertion of Sriormation unises k diaphrys o vakd OME conret s
STATEMENT IINDER 37 CFR 3.73(h)

AppllcantPatont Owner: _Nicholas Willlam ANDERSON

Appiicaiion NaJroieni No.: 10917, 808 Filed/izsuo Dote: Auginat 12, Z004

Entitied: _POWER CONTROL. N A WIRELESS COMMUNICATION SYSTEM

— IPWireless, Inc. .a corporation
éama'of Amkmes) B Ty of Asakrme. w.5. COrOroinm, Plvwviti, vrivarly, gow T agercy, $6.)

staton ot it is:
1. E] the assignes of the ontlre right, title, and intorosy of

. 2. [] snassignea of less than the eatire ight. tite and interest.
‘The extent (by percentage) of its ownership iterest s %
in tho patent application/patent identtfted above by virtim of altfior:

. A [x}  Anassiphment from the inventor{s) of the patam apphication/patent identifiod above. Tha aszignmont
was recorded in the United States Patont and Traderruwk Offico gt Rool
Frame . OF for which # copy thersof iz attached.

OR

B.[] A duindf title from the inventor(s), of the patent applicatdon/patent identified above, to the current

aasignee s khown below:
1. Fronx Jo.

The document was recorded In the United Siates Patent and Trademark Office at

Res! . Framo . or for which a capy tharedf is attached.
2. From: To:

Tha documeant was recorded in the Unitad Statos Patont and Trodomark Offica at

Real . Framo , o for which & copy thereof is attachod.
3. Fromp; To.

The document wns rocorded in the Unliod Staleas Patant and Tradeesark Offico ot

Reel » Frame . o for which a copy theraof s anached,

{ ] Additionat documents in the chain of Ba ore listad on a supplemental sheat.

{1 Capins of axsignmonts or other documents In the chain of titla aro attechod.
INOTE: A separats copy {Lea., tho original assignmant documant of a thus copy of e orginal
dorumant) muet ba eubrmittod to Anaignmant Dhislon in accordancs with 27 CFR Pt 3, # the
assignmeont In 10 be racordacd In the records of tho USPTO. Sce MPEP 302.08]

The undersigned (whoso ifle Is supplied befow) is authorized to act on bohall of the cssignos.

Decomber 10 2004 Daniol W, Burke
Dato Typed or pri
(650) 6164163 Q.. / .- /,g,....
Talephonas Number Signatury
— Vire Presidort and Ganaral Couraied
Tio
pa-830291 fhasst Mo 522
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ASSIGNMENT
SOLE

.y THIS ASSIGNMENT, by Nicholas William ANDERSON (hereinafter referred to as the assignor),
~ residing at 72 London Road, Warmley, Bristol, BS30 5FL, United Kinpgdom, witnesseth:

WHEREAS, said assignor has invented certain new snd useful improvements in FOWER CONTROL IN
A WIRELESS COMMUNICATION SYSTEM, set forth in an application for Letters Patent of the United States,
bearing Serial No. 10/917,968 filed on August 12, 2004; and

WHEREAS, IPWireless Inc., a corporation duly organized under and pursuant to the laws of Delaware
and having its principat place of business a1 1001 BayhiR Dr., Second Floor, San Bruno, California 94066
(hercinafer referred to as the assignee) is desirous of acquiring the entire right, title and interest in and to said
inventions and said application for Letters Patent of the United States, and in and to any Letters Patent or Patents,
United States or foreign, 1o be obtained therefor ond thereon:

NOW, THEREFFORE, in consideration of One Dollar (§1.00) and other good and sufficient consideration,
. the reeeipt of which is hereby acknowledged, said assignor has sold, assigned, transferred and set over, and by
these presents does sell, assign, transfer and set over, unto said assignee, its successors, legal representatives and
assigns, the entire right, title and interest in and 10 the above-raentioned inventions, application for Letters Patent,
N and any and all Letters Patent or Patents in the United States of America and all foreign countries which may be
granted therefor and thereon, and in and to any and all divisions, continuations and continuations-in-part of said
application, or reissucs or extensions of said Letters Patent or Patents, and all rights under the International
Convention for the Protection of Industrial Property, the same to be held and enjoyed by satd assignee, for its own
-use and the use of its successors, legal representatives and assigns, to the full end of the werm or terms for which
Leticrs Patent or Patents may be granted, as fully and entirely as the same would have been held and enjoyed by
the assignor, had this sale and assignment not been made.

AND for the same consideration, said assignor hereby covenants and agrees to and with said assignee it
successors, legal representatives and assigns, that, at the time of execution and delivery of these presents, said
assigmor is the sole and lawlul owner of the entire right, title and interest in and to said mventions and the
appheation for Letiers Patent above-mentioned, and that the same arc unehcumbered and that said assignor has
good and full right and lawful authority 10 sell and convey the same in the manner herein set forth.

AND for the sumc considcration, said assignor hercby covenanits and agrees to and with said assignee, its
successors, legal representutives and assigns, that seid assignor will, whenever counsel of said assignee, or the
counsel of its successor, legal representatives and assigns, shall advise that any proceeding in connection with said
inventions, or said application for Letters Patent, or any proceeding in connection with Letters Patent for said
inventions in any country, including interference proceedings, is tawful and desirable, or that any division,
continualion or continuation-in-part of any application for Letters Palent or any reissue or extension of any Lefters
Patent, to be obtained thereon, is iawful and desirable, sign nll papers and documents, take all lawful oaths, and do
all acts necessary or required to be done for the procurement, maintenance, enforcement and defense of Letters
Patent for said inventions, without charge to said assignee, its successors, legal represcntatives and assigns, but at
the cost and expense of said assignee, its successors, legal representatives and assigns,

AND said assignor hereby requests the Commissioner of Patents to issue said Letters Patent of the United

States to said assignee as the assignee of said inventions and the Letters Patent to be issued thereon for the sole use
of said assignee. its successors, legal representatives and assigms.

B v 260 AR

Date Nicholas William ANDERSON
1
pa-910541
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ot

[7A
2
> PTOISB/T (12-04)

DEc 1 n mm Approved (or use theough 07/31/2008. OMB G651-06032
.5, Patort and Trademirk Oifing; 1.5, DEPARTMENT OF COMMERCE

dir tha Fraperwark Reduction Act of 1995 no persans aot eequinad ta raspond 1o a collection of informalien unless it disptays a valld OMB control numbor

Litactive on 12/08/2009. Complete if Known
Faas pursuant (e ihe Cansolidatod Appropriations Act, 2005 (H.R. 4813). Application Number 10/917.968

FEE TRANSM ITTAL Filing Date August 12, 2004
fo r FY 20 0 5 First Named Inventor Nicholas William ANDERSON

e Examingr Name Not Yot Assigned
D Applicant ctaims smali entity status. Sea 37 CFR 1.27 ‘Art Urit 2661
TOTAL AMOUNT OF PAYMENT I (%) 130.00 Attomery Docket No. 562492000500

METHOD OF PAYMENT (check all that apply)

D Check D Credit Card D Money Order D Nane D Other (pkase identily):

@ Deposit Account Deposit Account Number: 03-1952 Deposit Account Name: Morrison & Foerster LLP
- For the above-identified deposit account, the Direclor is haraby authorized to: (check all thal apply)

[E Charge fee(s) indicated below D Charge fee(s) indicaled below, except for the filing fee

[’g Charge any additional fee(s) or underpaymimts of {na(s) E] Crodit any overpaymonts
under 37 CFR 1.16 and 1.17

WARNING: Information on this form may become publlc. Credit card information should not ba included on this form. Provide credit card
Information and authorization on PT0-2038.

FEE CALCULATION
1. BASICFILING, SEARCH, AND EXAMINATION FEES
FILING FEES SEARCH FEES EXAMINATION FERS
Application Type  EEE(S)  SmoBCotty  Fee SmolEotity  Eue (8) Small Entity Fons Paid ($)
Fee () Eeu ($) Eop (3)
Utility 300 150 500 250 200 100 0.00
Design 200 100 100 50 130 65 0.00
Plant 200 100 300 150 160 80 0.00
Reissue 300 150 500 250 600 oo 00
Provisionat 200 100 [} 4} 0 0 0.00
2. EXCESS CLAIM FEES
Small Entity
Eee Doscriotion Foe($) Fee (5)
Each ctaim over 20 or, for Reissues, each claim over 20 and more than in the original patent 50 25
Each indepondent claim over 3 or, for Retssues, vach independent claim more than in the original patent 200 100
Multiple dependent chiims 360 180
Total Claims Extra Claims Fea ($} Eeo Paid (3) Multiple Dependent Claims
13 -20 0 x 50.00 = 0.00 Feo ($) Foo Pald (S}
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(57) In a CDMA reception apparatus, averaging
means (412) for averaging at least one of vector, ampli-
tude and power of received signal of a plurality of trans-
mit power control sections is provided. Further,
propagation path variation estimation means (407) for
estimating a propagation path variation of the present
transmit power control section from respective transmit
power control sections in the past to obtain a propaga-
tion path variation estimation value (408) and propaga-
tion path variation correction means (muitiplier) for
correcting by the propagation path variation estimation
value (408) are further provided, wherein the averaging

CDMA reception apparatus and received signal power measuring apparatus in CDOMA mobile

means (412) averages at least one of vector, amplitude
and power of received signal of the plurality of transmit

= power control sections corrected by the propagation

path variation correction means (multiplier). With this
configuration, the measurement accuracy is improved
by measuring received signal power using a plurality of
slots including past slots, more accurate transmit power
control is performed, thereby achieving improved com-
munication guality, a reduced transmit power, and an
increased capacity.
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Description

[0001] The present invention relates to a mobile communication reception apparatus in mobile communications
applied with digital radio communication system, particularly with CDMA (code division multiple access) system, more
specifically to received signal power measurement for transmit power control.

[0002] An example of relationship between flow of transmit power control of CDMA mobile communication system
by the prior art and radio slot configuration is schematically shown in Fig. 1.

[0003] As shown in Fig. 1, 1) received signal power measurement is performed for each transmit power control sec-
tion (hereinafter referred to as "slot"), 2) the measurement result is subjected to a division calculation using a measure-
ment result of noise interference power to obtain a received SNIR (signal power to interference power ratio), the
received SNIR is compared with a reference SNIR, 4) a transmit power control bit is transmitted designating a transmit
power control indicator of the received side channel, so that when the comparison result exceeds the reference SNIR,
a base station transmit power is decreased, or when the comparison result is below the reference SNIR, the base sta-
tion transmit power is increased.

[0004] As shown in Fig. 1, in the traffic channel, there exists not only a fixed transmit part (shaded in Fig. 1) in which
the number of transmit bits is unchanged, but also a variable transmit part in which the transmit bit number is succes-
sively changed according to a change in information speed of transmitted data, when there is no data, transmit is
stopped. In this case, the fixed transmit part is applied to received signal power measurement.

[0005] As shown above, received signal power measurement in a CDMA reception apparatus is performed using a
fixed transmit part, however, there is a problem that when signal power of the fixed transmit part is small, measurement
accuracy of received signal power is deteriorated, and transmit power control is not performed with good accuracy.
{ooo6] As described above, accuracy degradation of transmit power contro! has resulted in an increase in transmit
power and deterioration of channel capacity. :

{0007] An object of the present invention is to improve the measurement accuracy by measuring received signal
power using a plurality of slots including past slots, thereby performing even more accurate transmit power control. With
this, the object is to achieve improvement of communication quality, reduction of transmit power and increase of capac-
ity.

[0008] Further, when using received signals of a plurality of slots including past slots in measurement of received
power, measurement accuracy is improved when the traveling speed of the mobile terminal is slow since the propaga-
tion path variation is small, however, when the traveling speed of the mobile terminal is high, since the propagation path
variation is large, there is a possibility that the measurement accuracy is deteriorated. As shown, the number of slots
used for received signal power measurement suitable for accuracy is varied with the traveling speed. Further, to use
signals of past slots for measurement of received signal power, by averaging a result of multiplying a change in variation
of propagation path and a change in transmit power changed by transmit power control from a past to present, meas-
urement accuracy can be improved. In particular, other than a dedicated traffic channel which is applied to transmit
power control, in a downlink here channel reception of a common channel of fixed transmit power is possible such as a
pilot channel, it is possible to estimate propagation path variation using the common channel. However, as there is a
variation in propagation path or as estimation accuracy of change in transmit power is degraded, there may be a case
where received signal power measurement accuracy is deteriorated by using past slot signals for measurement. In par-
ticular, when the fixed transmit part in the above-described slot is large, since many measurable received signals are
present in 1 slot, the accuracy is better than averaging many slots, when the number of slots to be averaged is small,
or in some case, when there is only one slot to be averaged. Still further, also in a downlink, when the propagation path
of common channel is different from the propagation path of a dedicated traffic channel such as in the case where a
transmit adaptive array antenna is applied to the transmit side, that is, the base station side, propagation path estima-
tion is difficult, and there may be a case where the accuracy is deteriorated by using a plurality of slots of the past. As
shown, the optimum number of slots used for received signal power measurement is changed.

[0009] Then, an object of the present invention is to achieve received signal power measurement suitable for
respective systems and propagation environments by changing the number of averaging slots according to traveling
speed, channel format, and system details without changing the algorithm, improve the measurement accuracy,
achieve a reduction of transmit power and an increase of capacity, and suppress complexity of reception apparatus,
especially complexity of mobile communication terminal apparatus.

[0010] In accordance with the present invention which attains the above objects, there is provided a received signal
power measurement using a plurality of past slots for improving measurement accuracy of received signal power, mak-
ing a transmit power control highly accurate, thereby enabling high communication quality, reduction of transmit power,
and increased capacity. Further, by changing the number of averaging slots according to the traveling speed, channel
format, and system details, it is possible to perform received signal power measurement suitable for respective environ-
ments without changing the algorithm, thereby reducing the transmit power, increasing the capacity and suppréssing
the size of the reception apparatus.
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[0011] The CDMA reception apparatus and received signal power measurement method described in respective
claims are as what follows. -

[0012] In a first aspect of the present invention, there is provided a CDMA reception apparatus comprising:

propagation path variation estimation means for estimating a propagation path variation in a present transmit power
control section from respective transmit power control sections in the past to obtain a propagation path variation
estimation value;

propagation path variation correction means for correcting at least one of vector, amplitude and/or power of a
received signal of the plurality of transmit power control sections with the propagation path variation estimation
value obtained by the propagation path variation estimation means; and

averaging means for averaging at least one of vector, amplitude and/or power of received signal of the plurality of
transmit power control sections corrected by the propagation path variation correction means.

[0013] According to the present invention, by using a plurality of slots including past slots for received signal power
measurement, measurement accuracy of received signal power can be improved. Further, when using the past slots for
received signal power measurement, by making a correction using an estimation value of propagation path variation
from the past slot timing up to the present timing, it is possible to perform received signal power measurement more
accurately.

[0014] In a second aspect of the present invention, there is provided a CDMA reception apparatus comprising:

transmit power changing amount estimation means for estimating a changing amount of transmit power of a com-
munication partner station varied by transmit power control in the present transmit power control section from
respective transmit power control sections in the past;

transmit power changing amount correction means for correcting at least one of vector, amplitude and/or power of
a received signal of the plurality of transmit power control sections with the transmit power changing amount esti-
mation value obtained by the transmit power changing amount estimation means; and

averaging means for averaging at least one of vector, amplitude and/or power of received signal of the plurality of
transmit power control sections corrected by the transmit power changing amount correction means.

[0015] According to the present invention, when using the past slots for received signal power measurement, by
correcting using a change amount of transmit power from the past slot timing up to the present timing, it is possible to
perform received signal power measurement more accurately.

[0016] The averaging means may be provided with vector addition means for performing vector addition;

division means for dividing a vector added by the vector addition means with a number of vectors added; and
means for converting vector divided by the division means into a power.

[0017] According to the present invention, when averaging received signals of a plurality of slots including past
slots, by performing averaging by vector addition, it is possible to suppress effects of noise and measurement accuracy
of received signal power can be improved.

[0018] The averaging means may be provided with

amplitude addition means for performing amplitude addition;

division means for dividing an amplitude added by the amplitude addition means with a number of amplitudes
added; and

means for converting amplitude divided by the division means into a power.

[0019] According to the present invention, when averaging received signals of a plurality of slots including past
slots, by performing averaging by amplitude addition, simpler and more accurate averaging is possible.
[0020] The averaging means may be provided with power addition means for performing power addition;

division means for dividing a power added by the power addition means with a number of powers added.

[0021] According to the present invention, when averaging received signals of a plurality of slots including past
slots, by performing averaging by power addition, simpler and more accurate averaging is possible. \

[0022] The propagation path variation estimation means may estimate a propagation path variation using a channel
not performing transmit power control.

[0023] According to the present invention, when estimating propagation path variation, by using a channel not per-
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forming transmit power control (for example, common channel or the like), propagation path variation estimation of high
accuracy can be performed.

[0024] The transmit power changing amount estimation means may estimate a transmit power changing amount
using a transmit power control indicator transmitted from own station.

[0025] According to the present invention, when estimating a transmit power changing amount, by using a transmit
power control indicator (for example, transmit power control bit) transmitted from its own station, a high accuracy trans-
mit power changing amount estimation is possible.

[0026] The averaging means may further comprise averaging section setting means for setting an averaging sec-
tion.

[0027] According to the present invention, by selecting an appropriate averaging section according to the system
details and propagation environment, it is possible to perform measurement of received signal power suited to environ-
ment without changing the algorithm.

[0028] The averaging section setting means may comprise:

means for setting the averaging section to a small section, when performing communication by a channel of which
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-
trol section is high; and

means for setting the averaging section to a large section, when performing communication by a channel of which
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-
trol section is small.

[0029] According to the present invention, depending on the power of received signal subjected to received signal
power measurement existing between respective transmit power control sections, when the power is high, the averag-
ing section is reduced to decrease effects of error of past received signals, or when the power is low, the averaging sec-
tion is increased to reduce effects of measurement error due to noise, it is possible to set an averaging section for
optimum measurement accuracy.

[0030] The averaging section setting means may comprise:

means for setting the averaging section to a large section, when a partner transmit station performs transmit power
control, there is a channel other than channel transmitting to the received station and transmitting a channel not
performing transmit power control with the same antenna and directivity, and propagation path variation estimation
using the channel not performing transmit power control is possible; and

means for setting the averaging section to a small section, when a partner transmit station performs transmit power
control, there is not a channel other than channe! transmitting to the reception station and transmitting a channel
not performing transmit power control with the same antenna and directivity, or even when transmitting but not per-
forming transmit power control, and propagation path variation estimation using the channel not performing trans-
mit power control is not possible.

[0031] According to the present invention, when estimation of propagation path variation is impossible, since when
signals of past slots are used, received power measurement accuracy is deteriorated due to effects of propagation path
variation, it is possible to reduce the averaging section and enhance the measurement accuracy.

{0032] The averaging section setting means may comprise:

traveling speed detection means for detecting a relative traveling speed between a communication partner station
and own station; and

means for setting the averaging section to a small section when the detected traveling speed is large, and for set-
ting the averaging section to a large section when the detected traveling speed is small.

[0033] According to the present invention, when a traveling speed is high between the opposite transmit station and
the own station, by decreasing the averaging section, it is possible to prevent deterioration of received signal power
measurement accuracy due to propagation path variation.

[0034] In a third aspect of the present invention, there is provided a received signal power measurement method of
a CDMA reception apparatus, comprising:

a propagation path variation estimation step for estimating a propagation path variation in a present transmit power
control section from respective transmit power control sections in the past to obtain a propagation path variation
estimation value;

a propagation path variation correction step for correcting at least one of vector, amplitude and/or power of a
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received signal of the plurality. of transmit power control sections with the propagation path variation estimation
value obtained by the propagation path variation estimation step; and

an averaging step for averaging at least one of vector, amplitude and/or power of received signal of the plurality of
transmit power contro! sections corrected by the propagation path variation correction step.

[0035] According to the present invention, by using a plurality of slots including past slots for received signal power
measurement, received signal power measurement accuracy can be improved. Further, when using past slots for
received signal power measurement, by correcting using an estimation amount of propagation path variation from the
past slot timing up to the present timing, it is possible to perform received signal power measurement more accurately.
[0036] In a fourth aspect of the present invention, there is provided a received signal power measurement method
of a CDMA reception apparatus, comprising:

a transmit power changing amount estimation step for estimating a changing amount of transmit power of a com-
munication partner station varied by transmit power control in the present transmit power control section from
respective transmit power control sections in the past;

a transmit power changing amount correction step for correcting at least one of vector, amplitude and/or power of
a received signal of the plurality of transmit power control sections with the transmit power changing amount esti-
mation value obtained by the transmit power changing amount estimation step; and

an averaging step for averaging at least one of vector, amplitude and/or power of received signal of the plurality of
transmit power control sections corrected by the transmit power changing amount correction step.

[0037] According to the present invention, when using past slots for received signal power measurement, by cor-
recting using an estimation value of change amount of transmit power from the past slot timing up to the present timing,
it is possible to perform received signal power measurement more accurately.

[0038] The averaging step may be provided with a vector addition step for performing vector addition;

a division step for dividing a vector added by the vector addition step with a number of vectors added; and
a step for converting vector divided by the division step into a power.

[0039] According to the present invention, when averaging received signals of a plurality of slots including past

- slots, by performing averaging by vector addition, it is possible to suppress effects of noise and measurement accuracy

of received signal power can be improved.
[0040] The averaging step may be provided with an amplitude addition step for performing amplitude addition;

a division step for dividing an amplitude added by the amplitude addition step with a number of amplitudes added;
and
a step for converting amplitude divided by the division step into a power.

[0041] According to the present invention, when averaging received signals of a plurality of slots including past
slots, by performing averaging by amplitude addition, simpler and more accurate averaging is possible.
[0042] The averaging step may be provided with a step for performing power addition;

a division step for dividing a power added by the power addition step with a number of powers added.

[0043] According to the present invention, when averaging received signals of a plurality of slots including past
slots, by performing averaging by power addition, simpler and more accurate averaging is possible.

[0044] The propagation path variation estimation step may estimate a propagation path variation using a channel
not performing transmit power control.

[0045] According to the present invention, when estimating propagation path variation, by using a channel not per-
forming transmit power control (for example, common channel or the tike), propagation path variation estimation of high
accuracy can be performed.

[0046] The transmit power changing amount estimation step may estimate a transmit power changing amount
using a transmit power control indicator transmitted from own station.

[0047] According to the present invention, when estimating a transmit power changing amount, by using a transmit
power control indicator (for example, transmit power control bit) transmitted from its own station, a high accuracy trans-
mit power changing amount estimation is possible.

[0048] The averaging step may further comprise an averaging section setting step for setting an averaging section.
[0049] According to the present invention, by selecting an appropriate averaging section according to the system
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details and propagation environment, it is possible to perform measurement of received signal power suited to environ-
ment without changing the algorithm.

[0050] The averaging section setting step may comprise:

a step for setting the averaging section to a small section, when performing communication by a channel of which
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-
trol section is high; and

a step for setting the averaging section to a large section, when performing communication by a channel of which
a power allocated to a signal subjected to received signal power measurement existing in each transmit power con-
trol section is small.

[0051] According to the present invention, depending on the power of received signal subjected to received signal
power measurement existing between respective transmit power control sections, when the power is high, the averag-
ing section is reduced to decrease effects of error of past received signals, or when the power is low, the averaging sec-
tion is increased to reduce effects of measurement error due to noise, it is possible to set an averaging section for
optimum measurement accuracy. '

[0052] The averaging section setting step may comprise:

a step for setting the averaging section to a large section, when a partner transmit station performs transmit power
control, there is a channel other than channel transmitting to the reception station and transmitting a channel not
performing transmit power control with the same antenna and directivity, and propagation path variation estimation
using the channel not performing transmit power control is possible; and

a step for setting the averaging section to a small section, when a partner transmit station performs transmit power
control, there is not a channel other than channel transmitting to the reception station and transmitting a channel
not performing transmit power control with the same antenna and directivity, or even when transmitting but not per-
forming transmit power control, and propagation path variation estimation using the channel not performing trans-
mit power control is not possible.

[0053] According to the present invention, when estimation of propagation path variation is impossible, since when
signals of past slots are used, received power measurement accuracy is deteriorated due to effects of propagation path
variation, it is possible to reduce the averaging section and enhance the measurement accuracy.

[0054] The averaging section setting step may comprise:

a step for detecting a relative traveling speed between a communication partner station and own station; and
a step for setting the averaging section to a small section when the detected traveling speed is large, and for setting
the averaging section to a large section when the detected traveling speed is small.

[0055] According to the present invention, when a traveling speed is high between the opposite transmit station and
the own station, by decreasing the averaging section, it is possible to prevent deterioration of received signal power
measurement accuracy due to propagation path variation.

[0056] The above and other objects, effects, features and advantages of the present invention will become more
apparent from the following description of embodiments thereof taken in conjunction with the accompanying drawings.

Fig. 1 is a diagram schematically showing an example of relationship between flow of transmit power control of a
prior art COMA mobile communication system and radio slot configuration;

Fig. 2 is a block diagram showing an example of construction of reception apparatus in the CDMA mobile terminal
in an embodiment 1 of the present invention;

Fig. 3 is a block diagram showing an example of construction of a received SNIR measurement part 208 in Fig. 2;
Fig. 4 is a diagram showing the relationship of Figs. 4A and 4B.

Fig. 4A is a block diagram showing an example of construction of a received signal power measurement part 304
in Fig. 3;

Fig. 4B is a block diagram showing an example of construction of a received signal power measurement part 304
in Fig. 3;

Fig. 5 is a block diagram showing an example of construction of a propagation path estimation part to which the
present invention is applied; v

Fig. 6 is a block diagram showing an example of construction of a transmit power changing amount estimation part
to which the present invention is applied;

Fig. 7 is a block diagram showing an example of construction of a received signal power measurement part in an
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embodiment 2 of the present invention;

Fig. 8 is a flow chart for explaining a setting method of averaging section in the embodiment 1 of the present inven-
tion;

Fig. 9is a flow chart for explaining a setting method of a forgetting factor a in embodiment 2 of the present invention;
and

Fig. 10 is a flow chart showing an example of operation of a received signal power measurement part.

[0057] In the following, embodiments of the present invention will be described with reference to the drawings.
[0058] The present invention can be applied to a base station reception apparatus as an uplink receiver, however,
because the above-described estimation of propagation path variation can be performed by a channel not performing
the transmit power control, an example of downlink receiver, that is, a case where a reception apparatus of a mobile
communication terminal is used will be described as the following embodiment.

(Embodiment 1)

[0059] Fig. 2 is a block diagram showing an example of construction of a reception apparatus in a CDMA mobile
terminal in the embodiment 1 of the present invention.

[0060] A reception apparatus 200 includes a reception radio part 202, a despreader 204, a received data demodu-
lator 206, a received SNIR measurement part 208 and a SNIR comparator 212,

[0061] The reception radio part 202 receives a radio signal transmitted from a radio base station, performs fre-
quency conversion and filtering, and outputs a baseband signal.

[0062] In the despreader 204, despreading of the baseband signal is performed, and a received despread signal is
outputted to the received data decoder 206 and a received SNIR calculator 208.

[0063] In the received data demodulator 206, RAKE combining, error correction decoding and the like are per-
formed to demodulate the received data. At the same time, the received despread signal is inputted to the received
SNIR measurement part 208 to output a received SNIR at every slot, a comparison of the outputted value with a target
SNIR 210 is performed in the SNIR comparator 212, according to the comparison result, a transmit power control bit
214 (transmit power control indicator) to be transmitted is outputted.

[0064] Fig. 3 is a block diagram showing an example of construction of the received SNIR measurement part 208
in Fig. 2.

[0065] The received SNIR measurement part 208 comprises a received signal power measurement part 304, a
noise interference power measurement part 306 and a divider 308. '

[0066] The received despread signal 302 outputted from the despreader 204 is inputted respectively to the received
signal power measurement part 304 and the received noise interference power measurement part 306, and the respec-
tive measurement results A and B are divided in the divider 308 to obtain a received SNIR 310.

[0067] Figs. 4A and 4B is a block diagram showing an example of construction of the received signal power meas-
urement part 304 in Fig. 3.

[0068] Here, in Figs. 4A and 4B, alphabet n shows a present number of slots, and K a maximum number of received
signal slots for performing averaging.

[0069] The received signal power measurement part 304 includes a RAKE combiner 404, a delayer 406, a propa-
gation path estimator 407, a transmit power changing amount estimator 409 an averaging part 412, a received signal
power calculator 407, and an averaging section setting part 416.

[0070] The received despread signal 402 of fixed transmit part of the dedicated traffic channel is RAKE combined
by the RAKE combiner 404, and an average value of received signal of each slot is stored in the delayer 406. The stored
value can be any of vector, amplitude and/or power. Received signal of past slots stored in the delayer 406 is multiplied
by the multiplier with the propagation path variation estimation value 408 of the past slot timing and the present timing
generated in the propagation path estimator 407. Further, after multiplication by the multiplier with the estimation value
410 of changing amount of transmit power by transmit power control of the past slot timing and the present timing, aver-
aging is performed along with the present slot in the averaging part 412. Still further, when the stored value is vector or
amplitude, it is converted into power by the received signal power calculator 414, and outputted as received signal
power.

[0071] In the averaging section setting part 416, as will be described later, the averaging section is appropriately
set according to the propagation environment and environment of the system in communication.

[0072] Fig. 10 is a flow chart showing an example of operation of the received signal power measurement part 304.
[0073] First, received despread signal 402 of fixed transmit part of a dedicated traffic channel is RAKE combined
by the RAKE combiner 404 (step $1002).

[0074] Next, an average value of received signal of each slot is stored in the delayer 406 (step S1004). The stored
value can be any of vector, amplitude and/or power.
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[0075] Next, in the propagation path estimator 407, propagation path variation in the present transmit control sec-
tion is estimated from information of respective past transmit power control sections to obtain a propagation path vari-
ation estimation value 408 (step S1006).

[0076] Next, at least one of vector, amplitude and/or power of received signals of a plurality of transmit power con-
trol sections is corrected by multiplying using the propagation path variation estimation value 408 obtained by the prop-
agation path estimator 407 (step S1008).

[0077] Next, in the transmit power changing amount estimator 409, a changing amount of transmit power changed
by transmit power contro! of the communication partner station in the present transmit power control section is esti-
mated from information of past respective transmit power control sections (for example, past transmit power control bit
data stored in any of storage apparatus (not shown) in the reception apparatus) to obtain a transmit power changing
amount estimation value 410 (step S1010).

[0078] Next, at least one of vector, amplitude and/or power of received signals of a plurality of transmit power con-
trol sections is corrected by multiplying using the transmit power changing amount estimation value 410 obtained by the
transmit power changing amount estimator 409 (step S1012).

[0079] Next, in the averaging part 412, at least one of vector, amplitude and/or power of the corrected received sig-
nals of the plurality of transmit power control sections is averaged (step S1014).

[0080] Next, an averaging section setting method in the averaging section setting part 416 will be described with
reference to Fig. 8.

[0081] First, for example, the amount of power allocated to the fixed transmit part of signal from the communication
partner station corresponding to the shaded part in Fig. 1 is judged from the channel format in communication (step
5802), setting is made so that the averaging section is decreased when the power is large (step S804), or the averaging
section is increased when the power is small (step SB06). Alternatively, a judgment is made from informed information
from the system as to whether or not there is a common channel transmitted without performing transmit power with the
same antenna and directivity and propagation path estimation is possible (step S808), when propagation path estima-
tion is possible the averaging section is increased (step S810), or when propagation path estimation is impossible the
averaging section is decreased (step S812). On the other hand, when propagation path estimation is not performed,
traveling speed of the traveling machine is detected (step S814), when the traveling speed is high and variation of prop-
agation path is large, the averaging section is set small (step S816), or when the traveling speed is low and variation of
propagation path is small, the averaging section is set large (step S818).

[0082] Fig. 5 is a block diagram showing an example of construction of the propagation path estimator 407 in Figs.
4A and 4B.

[0083] Here, alphabet n in Fig. 5 shows a present slot number, and K a slot number of largest received signal for
averaging.

[0084] The propagation path estimator 407 includes a delayer 504 and a divider 506.

[0085] In the propagation path estimator 407, amplitude of a received signal 502 after RAKE combining of the com-
mon channel not performing transmit power control is stored in the delayer 504 for each slot, by performing division cal-
culation A/B of the received signal A of the present slot and the received signal B of respective past siot in the divider
506, thereby outputting a propagation path variation estimation value 508 of the present slot from the past respective
slots.

[0086] Fig. 6 is a block diagram showing an example of construction of the transmit power changing amount esti-
mator 409 in Figs. 4A and 4B.

[0087] Here, alphabet n in Fig. 6 shows a present slot number, and K a slot number of largest received signal for
averaging.

[0088] The transmit power changing amount estimator 409 includes a transmit power changing amount converter
604 and a delayer 606.

[0089] The transmit power changing amount estimator 409 estimates a changing amount of transmit power from a
radio base station from the transmit power control bit 602 transmitted by the mobile terminal to the radio base station.

[0090] First, in the transmit power changing amount converter 604, the transmit power control bit 602 transmitted
from the mobile terminal is converted into a transmit power changing amount in consideration of the transmit power con-
trol bit to obtain a transmit power control estimation value 608. Next, output after changing is multiplied with the transmit
power changing amount from each slot timing up to the present stored in the delayer 606 to obtain a new transmit power
control estimation value 608.

(Embodiment 2)
[0091] In the following, an embodiment 2 according to the present invention will be described with reference to Fig.
7

[0092] Fig. 7 is a block diagram showing an example of construction of a received signal power measurement part
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in the embodiment 2 of the present invention. In the receiver, construction other than the received signal power meas-
urement part is similar to that in the embodiment 1.

[0093] A received signal power measurement part 700 in the embodiment 2 includes an o multiplier 702, a delayer
704, a propagation path estimator 705, a transmit power changing amount estimator 707, a received signal power cal-
culator 710, an averaging section setting part 712, a RAKE combiner 716 and a 1 -o multiplier 718.

[0094) The delayer 704, the propagation path estimator 705, the transmit power changing amount estimator 707,
the received signal power calculator 710, the averaging section setting part 712, and the RAKE combiner 716 have the
same functions as those described in Figs. 4 to 9, and the o multiplier 702 and the 1-o multiplier respectively have func-
tions for multiplying the input with o or 1-ct.

[0095] The received signal power measurement part 700 has a form of a feedback type filter which performs aver-
aging of the received signal of the present slot and the received signal of the past slot using a forgetting factor o 702.
That is, for the received signal of the past slot stored in the delayer 704, after multiplication with the propagation path
variation estimation value 706 between 1 slot previous timing and the present timing and the transmit power changing
amount estimation value 708, it is multiplied with the forgetting factor o in the o muiltiplier 702 to perform averaging with
the received signal of the present siot. In the received signal power calculator 710, a received signal power is calculated
from received signal after averaging and the result is outputted. On the other hand, received signal after averaging is
stored again in the delayer 704. In the averaging section setting part 712, o is appropriately set according to the prop-
agation environment and details of the system in communication.

[0096] Next, setting method of the forgetting factor a will be described with reference to Fig. 9.

[0097] First, for example, the amount of power allocated to the fixed transmit part of signal from the communication
partner station corresponding to the shaded part in Fig. 1 is judged from the channel format in communication (step
§902), setting is made so that a is decreased when the power is large (step $904), or « is increased when the power
is small (step S906). Alternatively, a judgment is made from informed information from the system as to whether or not
there is a common channel transmitted without performing transmit power with the same antenna and directivity and
propagation path estimation is possible (step $S908), when propagation path estimation is possible o is increased (step
$910), or when propagation path estimation is impossible o is decreased (step $912). On the other hand, when prop-
agation path estimation is not performed, traveling speed of the traveling machine is detected (step $S914), when the
traveling speed is high and variation of propagation path is large, o is set small (step S916), or when the traveling speed
is low and variation of propagation path is small, o is set large (step S918).

(Effects of the Invention)
(Effects of embodiment 1)

[0098] As shown in Fig. 3, by obtaining the received signal power by averaging a plurality of slots including past
slots, even when the fixed transmit part included in 1 slot is small, the effective measurement bit number can be
increased, and received power measurement of higher accuracy can be performed.

[0099] Further, for the above-shown averaging of a plurality of slots, when a common channel cannot be used for
estimation, or when the propagation path fixed transmit part is large, the number of slots for averaging is decreased, or
depending on the case, only the present slot is used, averaging by an appropriate averaging slot number can be per-
formed without changing the construction of the receiver and measurement algorithm, whereby high quality communi-
cation, reduction of transmit power, and increased channel capacity can be achieved, and complexity of the mobile
terminal can be suppressed.

(Effects of embodiment 2)

[0100] With the construction as in the embodiment 2, the same effects as shown in embodiment 1 can be obtained,
and averaging of the received signal power is performed by weighting average using the forgetting factor o, buffers such
as delayer for storing past received signals can be reduced.

[0101) For example, in embodiment 1, averaging of a plurality of slots is calculated by Formula 1 shown below.

averagedR_n=(R_n+R_{n-1}+R{n-2}+R_{n-3})/4 [FORMULA 1]

[0102) The formula (1) is a formula for averaging using past 4 slots, in which R_n shows a received power value of
n'th slot. Further, for simplicity of description, cancel due to variation is not considered.

[0103] While, an ordinary averaging using FIR filter as shown above is performed in embodiment 1, averaging in
embodiment 2 is represented by
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averagedR_n=Rn* +averagedR_{n-1}*(1-) [FORMULA 2]

and exponential weighted averaging (averaging using lIR filter) is performed using the forgetting factor a. For example,
when it is assumed as o = 0.25, the same averaging effect as averaging of about 4 slots can be obtained. Therefore,
by performing such exponential weighted averaging, only one previous value (in the above formula, averaged R_(n-1))
of past received power value may be stored, thereby reducing the calculation amount.

[0104) Further, the propagation path variation estimation value and the transmit power changing amount estimation
value are also calculation for immediately 1 slot previous values, and the calculation amount can be reduced.

[0105] Still further, when the effect of the value using received signals of past slots is to be changed, it can be
achieved by changing the factor .

[0106] The present invention has been described in detail with respect to various embodiments, and it will now be
apparent from the foregoing to those skilled in the art that changes and modifications may be made without departing
from the invention in its broader aspects, and it is the intention, therefore, in the appended claims to cover all such
changes and modifications as fall within the true spirit of the invention.

Claims
1. A CDMA reception apparatus characterized by comprising:

propagation path variation estimation means for estimating a propagation path variation in a present transmit
power control section from respective transmit power control sections in the past to obtain a propagation path
variation estimation value; ' .
propagation path variation correction means for correcting at least one of vector, amplitude and/or power of a
received signal of said plurality of transmit power control sections with said propagation path variation estima-
tion value obtained by said propagation path variation estimation means; and

averaging means for averaging at least one of vector, amplitude and/or power of received signal of said plurality
of transmit power control sections corrected by said propagation path variation correction means.

2. A CDMA reception apparatus characterized by comprising:

transmit power changing amount estimation means for estimating a changing amount of transmit power of a
communication partner station varied by transmit power control in the present transmit power control section
from respective transmit power control sections in the past;

transmit power changing amount correction means for correcting at least one of vector, amplitude and/or power
of a received signal of said plurality of transmit power contro! sections with said transmit power changing
amount estimation value obtained by said transmit power changing amount estimation means; and

averaging means for averaging at least one of vector, amplitude and/or power of received signal of said plurality
of transmit power control sections corrected by said transmit power changing amount correction means.

3. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means is provided
with

vector addition means for performing vector addition;
division means for dividing a vector added by said vector addition means with a number of vectors added; and
means for converting vector divided by said division means into a power.

4. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means is provided
with

amplitude addition means for performing amplitude addition;

division means for dividing an amplitude added by said amplitude addition means with a number of amplitudes
added; and '

means for converting amplitude divided by said division means into a power.

5. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means is provided
with

power addition means for performing power addition;
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division means for dividing a power added by said power addition means with a number of powers added.

6. The CDMA reception apparatus as claimed in Claim 1, characterized in that said propagation path variation esti-
mation means estimates a propagation path variation using a channel not performing transmit power control.

7. The CDMA reception apparatus as claimed in Claim 2, characterized in that said transmit power changing amount
estimation means estimates a transmit power changing amount using a transmit power control indicator transmitted
from own station.

8. The CDMA reception apparatus as claimed in Claim 1 or 2, characterized in that said averaging means further
comprises averaging section setting means for setting an averaging section.

9. The CDMA reception apparatus as claimed in Claim 8, characterized in that said averaging section setting means
comprises:

means for setting said averaging section to a small section, when performing communication by a channel of
which a power allocated to a signal subjected to received signal power measurement existing in each transmit
power control section is high; and

means for setting said averaging section to a large section, when performing communication by a channel of
which a power allocated to a signal subjected to received signal power measurement existing in each transmit
power control section is small.

10. The CDMA reception apparatus as claimed in Claim 8, characterized in that said averaging section setting means
comprises:

means for setting said averaging section to a large section, when a partner transmit station performs transmit
power control, there is a channel other than channel transmitting to said reception station and transmitting a
channel not performing transmit power control with the same antenna and directivity, and propagation path var-
iation estimation using said channel not performing transmit power control is possible; and

means for setting said averaging section to a small section, when a partner transmit station performs transmit
power control, there is not a channel other than channel transmitting to said reception station and transmitting
a channel not performing transmit power control with the same antenna and directivity, or even when transmit-
ting but not performing transmit power control, and propagation path variation estimation using said channel
not performing transmit power control is not possible.

11. The CDMA reception apparatus as claimed in Claim 8, characterized in that said averaging section setting means
comprises:

traveling speed detection means for detecting a relative traveling speed between a communication partner sta-
tion and own station; and

means for setting said averaging section to a small section when said detected traveling speed is large, and for
setting said averaging section to a large section when said detected traveling speed is small.

12. A received signal power measurement method of a CDMA reception apparatus, characterized by combrising:

a propagation path variation estimation step for estimating a propagation path variation in a present transmit
power control section from respective transmit power control sections in the past to obtain a propagation path
variation estimation value;

a propagation path variation correction step for correcting at least one of vector, amplitude and/or power of a
received signal of said plurality of transmit power control sections with said propagation path variation estima-
tion value obtained by said propagation path variation estimation step; and

an averaging step for averaging at least one of vector, amplitude and/or power of received signal of said plural-
ity of transmit power control sections corrected by said propagation path variation correction step.

13. A received signal power measurement method of a CDMA reception apparatus, characterized by comprising:

a transmit power changing amount estimation step for estimating a changing amount of transmit power of a
communication partner station varied by transmit power control in the present transmit power control section
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from respective transmit power control sections in the past;

a transmit power changing amount correction step for correcting at least one of vector, amplitude and/or power
of a received signal of said plurality of transmit power control sections with said transmit power changing
amount estimation value obtained by said transmit power changing amount estimation step; and

5 an averaging step for averaging at least one of vector, amplitude and/or power of received signal of said plural-
ity of transmit power control sections corrected by said transmit power changing amount correction step.

14. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging
step is provided with
10
a vector addition step for performing vector addition;
a division step for dividing a vector added by said vector addition step with a number of vectors added; and
a step for converting vector divided by said division step into a power.

15 15. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging
step is provided with

an amplitude addition step for performing amplitude addition;

a division step for dividing an amplitude added by said amplitude addition step with a number of amplitudes
20 added; and

a step for converting amplitude divided by said division step into a power.

16. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging
step is provided with
25
a step for performing power addition;
a division step for dividing a power added by said power addition step with a number of powers added.

17. The received signal power measurement method as claimed in Claim 12, characterized in that said propagation
30 path variation estimation step estimates a propagation path variation using a channel not performing transmit
power control.

18. The received signal power measurement method as claimed in Claim 13, characterized in that said transmit power
changing amount estimation step estimates a transmit power changing amount using a transmit power control indi-
35 cator transmitted from own station.

19. The received signal power measurement method as claimed in Claim 12 or 13, characterized in that said averaging
step further comprises an averaging section setting step for setting an averaging section.

40 20. The received signal power measurement method as claimed in Claim 19, characterized in that said averaging sec-
tion setting step comprises:

a step for setting said averaging section to a small section, when performing communication by a channel of

which a power allocated to a signal subjected to received signal power measurement existing in each transmit
45 power control section is high; and .

a step for setting said averaging section to a large section, when performing communication by a channel of

which a power allocated to a signal subjected to received signal power measurement existing in each transmit

power control section is small.

50 21. The received signal power measurement method as claimed in Claim 19, characterized in that said averaging sec-
tion setting step comprises:

a step for setting said averaging section to a large section, when a partner transmit station performs transmit

power control, there is a channel other than channel transmitting to said received station and transmitting a
55 channel not performing transmit power contro! with the same antenna and directivity, and propagation path var-

iation estimation using said channel not performing transmit power control is possible; and

a step for setting said averaging section to a smali section, when a partner transmit station performs transmit

power control, there is not a channel other than channel transmitting to said received station and transmitting
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a channel not performing transmit power control with the same antenna and directivity, or even when transmit-
ting but not performing transmit power control, and propagation path variation estimation using said channel
not performing transmit power control is not possible.

22. The received signal power measurement method as claimed in Claim 19, characterized in that said averaging sec-
tion setting step comprises:

a step for detecting a relative traveling speed between a communication partner station and own station; and
a step for setting said averaging section to a small section when said detected traveling speed is large, and for
setting said averaging section to a large section when said detected traveling speed is small.
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Description

BACKGROUND

[0001] This invention generally relates to spread spectrum time division duplex (TDD) communication systems. More
particularly; the present invention relates to a system and method for controlling transmission power within TDD com-
munication systems.

[0002] Figure 1 depicts a wireless spread spectrum time division duplex (TDD) communication system. The system
has a plurality of base stations 304-30,.Each base station 30, communicates with user equipment (UEs) 324-323 in its
operating area. Communications transmitted from a base station 30, to a UE 32, are referred to as downlink commu-
nications and communications transmitted from a UE 32, to abase station 30, are referredto as uplink communications.
f0003] In addition to‘communicating over different frequency spectrums, spread spectrum TDD systems carry mul-
tiple communications over the same spectrum. The multiple signals are distinguished by their respective chip code
sequences (codes). Also, to more efficiently use the spread spectrum, TDD systems as illustrated in Figure 2 use
repeating frames 34 divided into a number of time slots 364-36, , such as sixteen time slots. In such systems, a com-
munication is sent in selected time siots 36,-36,, using selected codes. Accordingly, one frame 34 is capable of carrying
multiple communications distinguished by both time slot and code. The combination of a single code in a single time
sfot is referred to as a resource unit. Based on the bandwidth required to support a communication, one or muitiple
resource units are assigned to thal communication.

[0004] Most TDD systems adaptively control transmission power levels. In a TDD system, many communications
may share the same time slot and spectrum. When a UE 32, or base station 30, is receiving a specific communication,
all the other communications using the same time slotand spectrum cause interference to the specific communication.
Increasing the transmission power level of one communication degrades the signal quality of all other communications
within that time slot and spectrum. However, reducing the transmission power level too far results in undesirable signal
to noise ratios (SNRs) and bit error rates (BERSs) at the recaivers. To maintain both the signal quality of communications
and low transmission powsr levels, transmission powsr control is used.

[0005] One approach using transmission power contro! in a code division muitiple access (CDMA) communication
system is described in U.S. Patent No. 5,056,109 (Gilhousen et al.). A transmitter sends a communicationto a particular
receiver. Upon reception, the received signal power is measured. The received signai power is compared to a desired
received signal power. Based on the comparison, a control bit is sent to the transmitter either increasing or decreasing
transmission power by a fixed amount. Since the receiver sends a control signal to the transmitter to control the trans-
mitter's power level, such power control techniques are commonly referred to as closed loop.

[0006] Under certain conditions, the performance of closed loop systems degrades. For instance, if communications
sent between a UE and a base station are in a highly dynamic environment, such as due to the UE moving, such
systems may not be able to adapt fast enough to compensate for the changes. The update rate of closed loop power
control in TDD is typically 100 cycles per second which is not sufficient for fast fading channels. Accordingly, there is
a need for alternate approaches to maintain signal quality and low transmission power levels.

SUMMARY

[0007] Outer loop/weighted open loop power control controis transmission power levels in a spread spectrum time
division duplex communication system. At a first communication station, errors are measured in a received communi-
cation from a second communication station. Based on in part the measured errors, an adjustment in a target level is
determined. The first station transmits a communication and the target adjustment to the second station. The second
station measures the first stalion's communication's received power level. Based on in part the received power level,
a path loss is determined. The target level is adjusted in response to receiving the target adjustment. The quality of
the path loss is determined with respect to a subsequent communication to be transmitted from the second station.
The second station's transmission power level for the subsequent communication is adjusted based on in part the
determined path loss, the determined quality and the adjusted target level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 illustrates a prior art TDD system.

Figure 2 illustrates time slots in repeating frames of a TDD system.

Figure 3 is a flow chart of outer loop/weighted open loop power control.

Figure 4 is a diagram of components of two communication stations using outer loop/weighted open loop power
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control.

Figure 5 is a graph of the performance of outer loop/weighted open loop, weighted open loop and closed loop
power control systems.

Figure 6 is a graph of the three systems performance in terms of Block Error Rate (BLER).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] The preferred embodiments will be described with reference to the drawing figures where like numerals rep-
resent like elements throughout. Quter loop/weighted open loop power control will be explained using the flow chart
of Figure 3 and the components of two simplified communication stations 110,112 as shown in Figure 4. For the
following discussion, the communication station having its transmitter's power controlled is referred to as the transmit-
ting station 112 and the communication station receiving power controlied communications is referred to as the receiv-
ing station 110. Since outer loop/weighted open loop power control may be used for uplink, downlink or both types of
communications, the transmitier having its power controlled may be associated with the base station 304, UE 32, or
both. Accordingly, if both uplink and downlink power contro! are used, the receiving and transmitting station's compo-
nents are associated with both the base station 30, and UE 32,.

[0010] The receiving station 110 receives various radio frequency signals including communications from the trans-
mitting station 112 using an antenna 78, or alternately, an antenna array, step 38. The received signals are passed
thorough a&n isolator 66 to a demodulalor 68 lo produce a baseband signal. The baseband signal is processed, such
as by a channel estimation device 70 and a data estimation device 72, in the time slots and with the appropriate codes
assigned to the transmitting station's communication. The channel estimation device 70 commonly uses the training
sequence component in the baseband signal to provide channel information, such as channel impulse responses. The
channelinformation is used by the data estimation device 72, the interference measurement device 74, and the transmit
power calculation device 76. The data -estimation device 72 recovers data from the channei by estimating soft symbols
using the channel information.
[0011] Prior to transmission of the communication from the transmitting station 112, the data signal of the commu-
nication is error encoded using an error detection/correction encoder 110. The error encoding scheme is typically a
circular redundancy code (CRC) followed by a forward error correction encoding, although other types of error encoding
schemes may be used.

{0012] Using the soft symbols produced by the data estimation device 72, an error detection device 112 detects
errors in the soft symbols. A processor 111 analyzes the detected error and determines an error rate for the received
communication, step 39. Based on the error rate, the processor 111 determines the amount, if any, a target level, such
as a target signal to interference ration (SIRrapget).Needs to be changed at the transmitting station 112, step 40.
Based on the determined amount, atarget adjustment signal is generated by the target adjustment generator 114. The
target adjustment is subsequently sent to the transmitting station, step 41. The target adjustment is signaled to the
transmitting station 112, such as using a dedicated or a reference channel as shown in Figure 4, step 41.

[0013] One technique to determine the amount of adjustment in the target level uses an upper and lower threshold.
if the determined error rate exceeds an upper threshold, the target level is set at an unacceptably low level and needs
to be increased. A target level adjustment signal is sent indicating an increase in the target level. If the determined
error rate is below a second threshold, the target level is set at an unnecessarily high level and the target ieve! can be
decreased. By reducing the target level, the transmitting station's power level is decreased reducing interference to
other communications using the same time slot and spectrum. To improve performance, as soon as the error rate
exceeds the upper limit, a target adjustment is sent. As a result, high error rates are improved quickly and lower error
rates are adjusted slowly, such as once per 10 seconds. If the error rate is between the thresholds, a target adjustment
Is not sent maintaining the same target level.

{0014 Applying the above technique to a system using CRC and FEC encoding follows. Each CRC block Is checked
for an error. Each time a frame is determined to have an error, a counter is incremented. As soon as the counler
exceeds an upper threshold, such as 1.5 to 2 times the desired block error rate (BLERY), a target adjustment is sent
increasing the target level. To adjust the SIRrapger at the transmitting station 112, the increase in the SIRpggeT iS
sent (SIRync). which is typically in a range of 0.25 dB to 4 dB. If the number of CRC frames encountered exceeds a
predetermined limit, such as 1000 blocks, the value of the counter is compared to a lower threshold, such as 0.2 to
0.6 times the desired BLER. If the number of counted block errors is below the lower threshold, a target adjustment
signal is sent decreasing the target level, SIRpgc. A typical range of SIRygc is 0.25 to 4 dB. The value of SIRpgemay
be based on SIRycand a target block error rate, BLERppger-The BLERangetis based on the type of service. A
typical range for the BLERaggetis 0.1% to 10%. Equation 1 illustrates one such approach for determining SIRpgc.

NAC1002
Page 84



10

15

20

25

30

35

40

45

50

‘55

EP 1 367 740 A1

SIRpec = SIRine X BLERTaRger/(1- BLERTARgET) Equation 1

[0015]  If the count is between the thresholds for the predetermined block limit, a target adjustment signal is not sent.
[0016] Alternately, a single threshold may be used. If the error rate exceedsthe threshold, the target level isincreased.
If the error rate is below the threshold, the target is decreased. Additionally, the target level adjustment signal may
have several adjustment levels, such as from 0 dB to +4 dB'in 0.25 dB increments based on the difference between
the determined error rate and the desired error rate.

[0017] The interference measurement device 74 of the receiving station 110 determines the interference level in dB,
Igs,Within the channel, based on either the channel information, or the soft symbols generated by the data estimation
device 72, or both. Using the soft symbols and channel information, the transmit power calculation device 76 controls
the receiving station's transmission power level by controlling the gain of an amplifier 54.

[0018] For use in estimating the pathioss between the receiving and transmitting stations 110,112 and sending data,
the receiving station 110 sends a communication to the transmitting station 112, step 41. The communication may be
sent on any one of the various channels. Typically, in a TDD sy'stem, the channels used for estimating pathloss are
referred to as reference channels, although other channels may be used. if the receiving station 110 is a base station
30,4, the communication is preferably sent over a downlink common channel or a common control physical channel
(CCPCH). Data to.be communicated to the transmitting station 112 over the reference channel is referred to as refer-
ence channel data. The reference data may include, as shown, the interference level, Igg, multiplexed with other ref-
erence data, such as the transmission power level, Trs. The interference level, Igg,and reference channel power level,
Irs: May be sent in other channels, such as a signaling channel.

[0018] The reference channel data is generated by a reference channel data generator §6. The reference data is
assigned one or multiple resource units based on the communication's bandwidth requirements. A spreading and
training sequence insertion device 58 spreads the reference channel data and makes the spread reference data time- -
multiplexed with a training sequence in the appropriate time slots and codes of the assigned resource units. The re-
sulting sequence is referred to as a communication burst. The communication burst is subsequently amplified by an
amplifier 60. The amplified communication burst may be summed by a sum device 62 with any other communication
burst created thrbugh devices, such as a data generator 50, spreading and training sequence insertion device 52 and
amplifier 54.

[0020] The summed communication bursts are modulated by a modulator 64. The modulated signal is passed thor-
ough an isolator 66 and radiated by an antenna 78 as shown or, alternately, through an antenna array. The radiated
signal is passed through a wireless radio channel 80 to an antenna 82 of the transmitting station 112. The type of
modutation used for the transmitted communication can be any of those known to those skilled in the art, such as direct
phase shift keying (DPSK) or quadrature phase shift keying (QPSK).

[0021] The antenna 82 or, alternately, antenna array of the transmitting station 112 receives various radio frequency
signals including the target adjustments. The received signals are passed through an isclator 84 to a demodulator 86

- to produce a baseband signal. The baseband signal is processed, such as by a channel estimation device 88 and a

data estimation device 90, in the time slots and with the appropriate codes assigned to the communication burst of the
receiving station 110. The channel estimation device 88 commonly uses the training sequence component in the base-
band signal to provide channel information, such as channel impulse responses. The channel information is used by
the data estimation device 90 and a power measurement device 92. '

[0022] The power level of the processed communication corresponding to the reference channel, Ryg, is measured
by the power measurement device 92 and sent to a pathloss estimation device 94, step 42. Boththe channel estimation
device 88 and the data estimation device 90 are capable of separating the reference channel from all other channels.
If an automatic gain control device or amplifier is used for processing the received signals, the measured power level
is adjusted to correct for the gain of these devices at either the power measurement device 92 or pathloss estimation
device 94. The power measurement device is a component of an outer loop/weighted open loop controller 100. As
shown in Figure 4, the outer loop/weighted open loop controller 100 comprises the power measurement device 92,
pathloss eslimation device 94, quality measurement device 94, targel update device 101, and transmit power calcu-
lation device 98.

[0023] To determine the path loss, L, the transmitting station 112 also requires the communication's transmitted
power level, Tgg. The communication's transmitted power level, Trg, may be sent along with the communication's data
or in a signaling channel. If the power level, Tgg, is sent along with the communication's data, the data estimation
device 90 interprets the power level and sends the interpreted power level to the pathloss estimation device 94. If the
receiving station 110 is a base station 30,, preferably the transmitted power level, Trg, is sent via the broadcast channel
(BCH) from the base station 304. By subtracting the received communication's power lavel, Ryg, from the sent com-
munication's transmitted power level, Trg, the pathloss estimation device 94 estimates the path loss, L, between the
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two stations 110,112, step 43. Additionally, a long term average of the pathloss, Ly, is updated, step 44. The longterm
average of the pathioss, Ly, is an average of the pathloss estimates. In certain situations, instead of transmitting the
transmitted power level, Trg, the receiving station 110 may transmit a reference for the transmitted power level. In that
case, the pathloss estimation device 94 provides reference levels for the pathloss, L.

[0024] Since TDD systems transmit downlink and uplink communications in the same frequency spectrum, the con-
ditions these communications experience are similar. This phenomenon is referred to as reciprocity. Due to reciprocity,
the path loss experienced for the downlink will also be experiencedfor the uplink and vice versa. By adding the estimated
path ioss to a target ievel, a transmission power level for a communication from the transmitting station 112 to the
receiving station 110 is determined.

[0025] If a time delay exists between the estimated path loss and the transmitted communication, the path loss
experienced by the transmitted communication may differ from the calculated loss. In TDD where communications are
sent in differing time slots 36,-36 ,, the time siot delay between received and transmitted communications may degrade
the performance of an open loop power control system. To overcome these drawbacks, weighted open loop power
control determines the quality of the estimated path loss using a quality measurement device 96, step 45, and weights
the estimated path loss accordingly, L, and long term average of the pathloss, L.

[0026] To enhance performance further in outer loop/weighted open loop, a target level is adjusted. A processor 103
converts the soft symbols produced by the data estimation device 90 to bits and extracts the target adjustment infor-
mation, such as a SIRp,pgeT adjustment. A target update device 101 adjusts the target level using the target adjust-
ments, step 46. The target level may be a SIRyaggeyor a target received power level at the receiving station 110.
[0027] The transmit power calculation device 98 combines the adjusted target level with the weighted path loss
estimate, L, and long term average of the pathloss estimate, Ly, to determine the transmission power level of the
transmitting station, step 47.

[0028] Data to be transmitted in a communication from the transmitting station 112 is produced by data generator
102. The data is error detection/correction encoded by error detection/correction encoder 110. The error encoded data
is spread and time-multiplexed with a training sequence by the training sequence insertion device 104 in the appropriate
time slots and codes of the assigned resource units producing a communication burst. The spread signal is amplified
by an amplifier 106 and modulated by modulator 108 to radio frequency. The gain of the amplifier is controlled by the
transmit power calculation device 98 to achieve the determined transmission power level. The power controlled com-
munication burst is passed through the isolator 84 and radiated by the antenna 82.

[0029] The following is one outer loop/weighted open loop power control algorithm. The transmitting stations's trans-
mission power level in decibels, Pyrg, is determined using Equation 2.

Prs = SIRyaRGgeT* 'Rs + a(l-Ly) + Ly + CONSTANT VALUE Equation 2

[0030] The SIRyarger has an adjusted value based on the received target adjustment signals. For the downlink, the
initial value of SIRypgeT is known at the transmitting station 112. For uplink power control, SIRrapgeris signaled from
the receiving station 110 to the transmitting station 112. Additionally, a maximum and minimum vaiue for an adjusted
SIRyargeT May also be signaled. The adjusted SIRpapger is limited to the maximum and minimum values. Igg is the
measure of the interference power level at the receiving station 110.

[0031] L isthe pathloss estimate in decibels, Tgg - Ryg, for the most recent time slot 36,-36,, that the path loss was
estimated. Ly,the long term average of the path loss in decibels, Is the running average of the pathloss estimate, L.
The CONSTANT VALUE is acorrection term. The CONSTANT VALUE corrects for differences in the uplink and downlink
channels, such as to compensate for differences in uplink and downlink gain. Additionally, the CONSTANT VALUE
may provide correction if the transmit power reference level of the receiving station is transmitted, instead of the actual
transmit power, Tgg. If the receiving station 110 is a base station, the CONSTANT VALUE is preferably sent via a Layer
3 message.

(0032) The weighting value, &, is a measure of the quality of the estimated path loss and Is, preferably, based on the
number of time slots 364-36, between the time slot, n, of the last path loss estimate and the first time slot of the
communication transmitted by the transmitting station 112. The value of a is between zero and one. Generally, if the
time difference between the time slots is small, the recent path loss estimate will be fairly accurate and u is set at a
value close to one. By contrast, if the time difference is large, the path loss estimate may not be accurate and the long

term average path loss measurement is most likely a better estimate for the path loss. Accordingly, a is set at a value
closer to one.

[0033] Equations 3 and 4 are equations for determining .
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a=1~(D-1)(Dpa-1) Equation 3

o= max { 1-(D-1 ¥(D,ax.allowed 1) 0} Equation 4

The value, D, is the number of time slots 364-36,, between the time slot of the last path loss estimate and the first time
slot of the transmitted communication which will be referred to as the time slot delay. If the delay is one time slot, ais
one. D,.«i8 the maximum possible delay. A typical value for a frame having fifteen time slots is seven. If the delay is
Dmax® I8 210 Dpav allowed 1S the maximum allowed time slot delay for using open loop power control. If the delay
exceeds D ... atlowed, OPEN l0OP power control is effectively turned off by setting a = 0. Using the transmit power level,
Prs. determined by a transmit power calculation device 98 the transmit power of the transmitted communication is set.
[0034] Figures 5 and 6 compare the performance of the weighted outer loop/open loop, open loop and closed loop
systems. The simulations in Figures 5 and 6 were performed for a slightly different version of the outer loop/weighted
open loop algorithm. In this version, the target SIR is updated every block. A SiRrapgetiS increased if a block error
was detected and decreased if no block error was detected. The outer loop/weighted open loop system used Equation
2. Equation 3 was used to calculate a. The simulations compared the performance of the systems controlling a UE's
32, transmission power level. For the simulations, 16 CRC bits were padded every block. In the simulation, each block -
was 4 frames. A block error was declared when at ileasttwo raw bit errors occur 6ver a block. The uplink communication
channelis assigned one time slot per frame. The target for the block error rate is 10%. The SIRyapger IS updated every
4 frames. The simulations address the performance of these systems for a UE 32, traveling at 30 kilometers per hour.
The simulated base station used two antenna diversity for reception with each antenna having a three finger RAKE
receiver. The simulation approximated a realistic channel and SiR estimation based on a midamble sequence of burst
type 1 field in the presence of addilive white Gaussian noise (AWGN). The simulation used an International Telecom-
munication Union (ITU) Pedestrian B type channel and QPSK modulation. Interference leveis were assumed to have
no uncertainty. Channel coding schemes were not considered. Lo was set at 0 db.

{0035] Graph 120 of Figure 5 shows the performance as expected in terms of the required Eg/Ngfor a BLER of
10-1as a function of time delay between the uplink time slot and the most recent downlink time slot. The delay is
expressed by the number of time slots. E, is the encrgy of the complex symbol. Figure 5 demonstrates that, when
gain/interference uncertainties are ignored, the performance of the combined system is almost identical to that of
weighted open loop system. The combined system outperforms the closed loop system for all delays.

[0036] Inthe presence of gain and intetference uncertainties, the transmitted power level of the open loop system
is eithertoo high or too low of the nominal value. In graph 122 of Figure 6, a gain uncertainty of -2 dB was used. Figure
6 shows the BLER as a function of the delay. The initiai reference SIRrsrgerfor each system was set 1o its correspond-
ing nominal value obtained from Figure 5, in order to achieve a BLER of 10-1, Figure 6 shows that, in the presence
of gain uncertainty, both the combined and closed loop systems achieve the desired BLER. The performance of the
weighted open loop system severely degrades.

Claims

1. A spread spectrum time division duplex user equipment communicating using frames with time slots for commu-
nication, comprising:

means (82, 88, 92) for receiving, in a first time slot, a first communication having a transmit power level and
measuring a power level of said communication;

means (94) for determining a path loss estimate based in part on said measured power level and said received
power level; the user equipment

characterized by:

means (96, 98 106) lor setling a Lransmission power level for iransmission of a second communication in a
second time slot based in part on the path loss estimate weighted by a first factor and a long term path loss
estimate weighted by a second factor, said first and second factors being a function of a time separation of
the first and second time slots; and

means (108, 82) for transmitting the second communlcatlon in the second time slot at the set transmission
power level.
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The user equipment of claim 1 further characterlied by comprising:

means (98) for determining the long term path loss estimate based at least in part upon an average of path
loss estimates of communications received by the user equipment.

The user equipment of claim 2 further characterized by comprising:

means (96) for determining a quality, «., of the path loss estimate which is based in part on a number of slots,
D, between the first and second time slot; and

wherein the first factor is aand teh second factor is 1-c.

The user equipment of claim 3 further characterized by a maximum time slot delay is D, and ais determined by:
a=1-(D-1)AD,.-1).

The user equipment of claim 3 further characterized by maximum allowed time slot delay is Dy, ay. aioweq@nd the
determined quality, tt, is determined by:

o= max {1-(D-1)/(D pa-atowea1): O)-

A spread spectrum time division duplex user equipment using frames with time slots for communication, compris-
ing:

an antenna (82) for receiving a first communication in a first time slot and transmitting an amplified second
communication in a second time slot;

a channel estimation device (88) having an input receiving said first communication for producing channel
information;

adata estimation device (90) responsive to said first communication and said channe! information for producing
interpreted data;

a power measurement device (92) responsive to said channel information for determining a received power
level of the first communication;

a path loss estimation device (94) responsive to said measured power level for producing a path loss estimate
of the first communication; the user equipment

characterized by comprising:

a quality measurement device (96) for producing a quality measurement based at least in part upon a time
separation of the first time siot and a second time slot;

a transmit power calculation device (98) responsive to said path loss estimate and said quality measurement
for producing a power control signal based at least in part upon said path loss estimate weighted by a first
factor and a long temm path loss estimate weighted by a second factor, wherein the first and second factors
are based In part on the quality measurement; and

an amplifier (108) receiving the power control signal and a second communication to be lransmitted in the
second time slot for amplifying the second communication responsive to the power control signal to produce
the amplified second communication for transmission by the antenna.

7. The user equipment of claim 6 further comprising:

a data generator (102) for producing communication data,

a spreading and training sequence insertion device (104) having an input receiving the communication data
for producing the second communication in the second time slot; and

a modulator (108) having an input receiving the amplified second communication for modulating the amplified
second communication to radio frequency prior to transmission.

8. The user equipment of claim 6 further comprising:
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a demodulator (86) having an input receiving the received first communication for producing a baseband signal;
and

wherein the channel estimation device (88) and the data estimation device {90) each have an input receiving
the baseband signal.

9. The user equipment of claim 6 further characterized by the quality measurement is in the range of zero to one
and the first factor is the quality measurement and the second factor is one minus the quality measurement.
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code representative of the transmitter output power level. Receivers (212) compare this code to the received signal strength and ajust
their associated transmitter power output level accordingly. Bit error rate (218) and SNR (223) are monitored by receivers to develop a
measure of signal quality (220). A signal quality code is transmitted (250) to remote units and transmission output power level is adjusted

in response.
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CELLULAR COMMUNICATIONS POWER CONTROL SYSTEM

BACKGROUND

The invention relates to communication systems and in particular, to a
cellular mobile communications system having integrated satellite and ground

nodes.

The cellular communications industry has grown at a fast pace in the

United States and even faster in some other countries. It has become an

important service of substantial utility and because of the growth rate,

saturation of the existing service is of concern. High density regions having
high use rates, such as Los Angeles, New York and Chicago are of most
immediate concern. Contributing to this concern is the congestion of the
electromagnetic frequency spectrum which is becoming increasingly severe as
the communication needs of society expand. This congestion is caused not
only by cellular communications systems but also by other communications
systems. However, in the cellular communications industry alone, it is
estimated that the number of mobile subscribers will increase on a world-wide
level by an order of magnitude within the next ten years. The ﬁdio frequency
spectrum is limited and in view of .Lhis increasing demand for its use, means to

more efficiently use it are continually being explored.
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Existing cellular radio is primarily aimed at providing mobile telephone
service to automotive users in developed metropolitan areas. For remote area
users, airborne users, and marine users, AIRFONE and INMARSAT services
exist but coverage is incomplete and service is relatively expensive. Mobile
radio satellite systems in an advanced planning stage will probably provide
improved direct-broadcast voice channels to mobile subscribers in remote areas
but still at significantly higher cost in comparison to existing ground cellular
service. The ground cellular and planned satellite iechnologies cbmplcmem
one another in geographical coverage in that the ground cellular
communications serviée provides voice telephone service in relatively
developed urban and suburban areas but not in sparsely populated areas, while

the planned earth orbiting satellites will. serve the sparsely populated areas.

Cellular communications systems divide the service areas into
geographical cells, each served by a base station or node typically located at iis
center. The central node transmits sufficient power to cover its cell area with
adequate field strength. If a mobile user moves to a new cell, the radio link is
switched to the new node provided there is an available channel. Present land
mobile communication systems typically use a frequency modulation (FM)
approach and because of the limited interference rejection capabilities of FM
modulation, each radio channel may be used only once over a wide
geographical area encompassing many cells. This means that each cell can
use only a small fraction of the total allocated radio frequency band, resulting

in an inefficient use of the available spectrum. In some cases, the quality of
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speech is poor because of the phenomena affecting FM transmission known as
fading and "dead spots.” The subjective effect of fading is repeated
submérsion of the voice signal in background noise frequently many times per
second if the mobile unit is in motion. The problem is exacerbated by
interference from co-channel users in distant cells and resultaﬁt crosstalk due to
the limited interference rejection capability of FM. Additionally,
communications privacy is relatively poor; the FM signal may be heard by

others who are receiving that frequency.

In the case where one band of frequencies is preferable over others and
that one band alone is to be used for mobile communications, efficient
communications systems are necessary to assure that the number of users

desiring to use the band can be accommodated. For example, there is

- presently widespread agreement on the choice of L-band as the technically

preferred frequency band for the satellite-to-mobile link in mobile '
communications systems. In the case where this single band is chosen to
contain all mobile communications users, improvements in spectral utilization
in the area of interference protection and iﬁ the ability to function without
imposing intolerable interference on other services will »be of paramount

importance in the considerations of optimal use of the scarce spectrum.

- Troubling both terrestrial and satellite communication is channel fading,
in which communications channel experiences fading due to numerous factors

such as changes in weather conditions, signal propagation, local terrain etc.. -
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Satellite transceivers are generally located in geosynchronous earth orbit,
approximately 22,300 miles from earth, and as such, are approximately the
same distance from mobile units. Accordingly, path loss in the satellite
channel is relativély minor, on the order of only a fe@' dB. Unfortuhately,
satellite transmissions still experience substantial fading due to the direct
component of the satellite signal being summed with multiply reﬂected
components of the satellite S‘ignal, thereby inducing channel fading of several

dB.

In contrast to satellite transmission, the terrestrial to mobile
transmission is subst,antiélly effected by the distance between the mobile unit
and the cell site. For example, one mobile unﬁ may be located at a distance
many miles from the cell site, while another may be only yards away..
Accordingly, path loss variations of terrestrial transmissions may be orders of
magnitude greater than experienced by satellite transmissions. Further, the
terrestrial transmis_sions typically experience substantial fading due to the signal
being reflected from many different features of the physical environment. As a
result, a signal may arrive at a rhobile unit from many different directions
causing both constructive and destructive summation of the signals.
Additionally, thé transmitted signal may be partially obstructed by buildings,

foliage, and the like to produce additional signal fading.

In order to overcome these constraints, the transceivers of typical

communications systems commonly radiates at a power level which is 30 to 40
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dB greater than is required on the average in order to overcome fading nulls.
This results in greatly increased inter-system interference, reduced battery life

and a reduction of potential users in the communications system.

The severely limited commodity in the satellite links is satellite prime
power, a major component of the weight of a communication satellite and
thereby a major factor in satellite cost. Generally in systems such as this, the
down links to individual users are the largest power consumers and thus for a
limited satellite source power, may provide the limiting factor on the number
of users that can be served. Thus it is important to design the system for

minimum required power per user.

It would be desirable to provide a power control system to compensate
for fading and interference without exceeding the minimum amount of power
necessary fo overcome such interference. To this end, numerous designs have
been developed in an attempt to control transmitter power. A transmitter
power control system is disclosed in the patent to Wheatley, III, U.S. Patent
No. 5,267,262. Wheatley, III disc)oses the cell site measuring the signal
strength and signal quality, i.e. bit error rate, of a signal transmitted by the
mobile unit. The cell site processes the signal strength and signal quality to
determine the desired signal strength for that mobile unit and transmits a power
adjustment command back to the mobile unit. This power adjustment
command is combined with the mobile unit’s one way estimate of received

signal strength to obtain a final value of the mobile unit transmitter power.
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Unfortunately, Wheatley discloses telemetering the transmit power only as a
static parameter at call setup time, not for the purpose, nor at a sample rate
sufficient to support dynamic compensation of the received signal strength for
adaptive power variations in a two-way adaptive power control system where

both transmitters continuously adapt their respective transmit power.

A similar concept to control transmitter power is disclosed in Wilson, et

al., U.S. Patent No. 5,293,639. Wilson et al. discloses the control of the
output power level of a transmitted signal by the mobile unit transmitting a
first message on a first communications channel to a repeater station. The
repeater station measures the quality of the received first message to produce a
quality metric representative of the quality of the first message. The repeater
station retransmits the first message back to the mobile unit, appending the
quality metric for determination by the mobile unit of its output power.
Unfortunately, the retransmission of the first message is unnecessary in many
system applications thus requiring additional power, and causing unnecessary

signal interference.

It is therefore an object of the present invention to provide an improved
method and apparatus for controlling the transmitter power of a transceiver of
a cellular communications system including an adaptive two-way power control
system which continuously maintains each transmitted signal power at a
minimum necessary level, adapting rapidly to, and accommodating signal fade

dynamically and only as necessary.
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SUMMARY OF THE INVENTION

Briefly and in general terms, the invention, is dirécted to a cellular
communicétions system having an adaptive transmitter power control system
and method compensate for received signal strength variations, such as those
caused by buildings, foliage anci other obstructions. Each reéeiver determines
the quality of the received signal and provides a local quality signal to its
associated transmitter in the respective transceiver indicative of that received
signal quality. Each transmitter also transmits the local quality signal provided
to it from its associated receiver and the transceiver is additionally responsive
to the quality signal received from the other transceiver with which it is in
communication to control its own output power in the response to that quality

signal.

In yet a further aspect, a path loss measure is derived from the received
signal strength and from data included iﬁ each transmitted signal which
indicates that transmitter’s output power level. Based on the derived path loss
and the transmitter’s power level data, the receiver can then adjust the power

output of its own associated transmitter accordingly.

In a more detailed aspect, the error rate of the received signal is
determined in providing the quality signal, and in another éspect, the signal-to-

noise ratio (SNR) is measured to determine quality. The transceiver receiving
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the error rate signal or the SNR from the other transceiver controls its own

transmitter power output in response.

Other aspects and advantages of the invention will become apparent
from the following detailed description and the accompanying drawings,
illustrating by way of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an overview of the principal
elements of a communications system in accordance with the principles of the

invention;

FIG. 2 is a diagram of the frequency sub-bands of the frequency band

allocation for a cellular system,;

FIG. 3 is a overview block diagram of a communications system in
accordance with the principles of the invention without a network control

center,

FIG. 4 is a diagram showing the interrelationship of the cellular
hierarchical structure of the ground and satellite nodes in a typical section and

presents a cluster comprising more than one satellite cell;
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FIG. § is a block diagram of a satellite link system showing the user

unit and satellite node control center;

FIG. 6 is a block diagram of one embodiment of satellite signal

processing in the system of FIG. §;

5 FIG. 7 is a functional block diagram of a user transceiver showing an

adaptive power control system,;

FIGS. 8a through 8h show timing diagrams of an adaptive, two-way

power control system; and

FIG 9 is a functional diagram of a two-way power control system

10  incorporating telemetered signal-quality deficiency supervisory control.

FIG 10 is a functional diagram of a power control system combining

adaptive signal quality power control and adaptive path loss power control.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As is shown in the exemplary drawings, the invention, though not
15 limited to, is preferredly embodied in a cellular communications system
utilizing integrated satellite and ground nodes both of which use the same

modulation, coding, and both responding to an identical user unit.

NAC1002
Page 108



WO 96/31009 : PCT/US95/03898

10

15

20

-10-

Referring now to FIG. 1, an overview of a preferred communications
system 10 is presented showing the functional inter-relationshii)s of the major
elements. The system network control center 12 directs the top level allocation
of calls to satellite and ground regional resources throughout the system. It
also is used to coordinate system-wide operations, to keep track of user
locations, to perform optimum allocation of system resources to each call,
dispatch facility command codes, and monitor and supervise overall system
health. The regional node control centers 14, one of which is shown, are
connected to the system network control center 12 and direct the allocation of
calls to ground nodes within a major metropolitan region. The regional node
control center 14 provides access to and from fixed land communication lines,
such as commercial telephone systems known as the public switched telephone
net@ork (PSTN). The ground nodes 16 under direction of the respective
regional node control center 14 receive calls over the fixed land line network
encode them, spread them according to the unique spreading code assigned to
each designated user, combine them into a composite signal, modulate that
composite signal onto the transmission carrier, and broadcast them over the

cellular region covered.

Satellite node control centers 18 are also connected to the system
network control center 12 via status and control land lines and similarly handle
calls designated for satellite links such as from PSTN, encode them; and
multiplex them with other similarly directed calls into an uplink trunk, which

is beamed up to the designated satellite 20. Satellite nodes 20 receive the
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uplink trunks, frequency demultiplex the calls intended for different satellite
cells, frequency translate and direct each to its appropriate cell transmitter and
cell beam, and broadcast the composite of all such similarly directed calls
down to the intended satellite cellular area. As used herein, "backhaul” means
the link between a satellite 20 and a satellite node control center 18. In one
embodiment, it is a K-band frequency while the link between the satellite 20

and the user unit 22 uses an L-band or an S-band frequency.

As used herein, a "node" is a communication site or a communication
relay site capable of direct one- or two-way radio communication with users.
Nodes may include moving or stationary surface sites or airborne or satellite

sites.

User units 22 respond to signals of either satellite or ground node
origin, receive the outbound composite signal, de-modulate, and decode the

information and deliver the call to the user. Such user units 22 may be mobile

-or may be fixed in position. Gateways 24 provide direct trunks, that is,

groups of channels, between satellite and the ground public switched telephone
system or private trunk users. For example, a gateway may comprise a
dedicated satellite terminal for use by a large company or other entity. In the
embodiment of FIG. 1, the gateway 24 is also connected to that systerﬁ

network controller 12.
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All of the above-discussed centers, nodes, units and gateways are full
duplex transmit/receive performing the corresponding inbound (user to system)
link functions as well in the inverse manner to the outbound (system to user)

link functions just described.

Referring now to FIG. 2, the allocated frequency band 26 of a
communications system is shown. The allocated frequency band 26 is divided
into 2 main sub-bands, an outgoing sub-band 25 and an incoming sub-band 27.
Additionally the main sub-bands are themselves divided into further sub-bands

which are designated as follows:

OG: Outbound Ground 28 (ground node to user)

OS: Outbound Satellite 30 (satellite node to user)

OC: Outbound Calling and Command 32 (node to user)
I1G: lnbound Ground 34 (user to ground node)

IS: Inbound Satellite 36 (user to satellite node)

IC: Inbound Calling and Tracking 38 (user to node)

All users in all cells use the entire designated sub-band for the described
function. Unlike existing ground or sateilile mobile systems, there is no
necessity for frequency division by cells; all cells may use these same basic six
sub-bands. This arrangement results in a higher frequency reuse factor as is

discusséd in more detail below.
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In one embodiment of the communication system, a mobile user’s unit
22 will send an occasional burst of an identification signal in the IC sub-band
either in response to a poll or autonomously. This may occur when the unit 22
is in standby mode. This identification signal is tracked by the regional node
control center 14 as long as the unit is within that respective region, otherwise
the signal will be tracked by the satellite node or nodes. In another
embodiment, this identification signal is tracked by all ground and satellite
nodes capable of receiving it. This information is forwarded to the network
control center 12 via status and command lines. By this means, the applicable
regional node control center 14 and the system network control center 12
remain constantly aware of the cellular location and link options for each
active user 22. An intra-regional call to or from a mobile user 22 will
generally be handled solely by the respective regional node control center 14.
Inter-regional calls are assigned to satellite or ground regional system resources
by the system network control center 12 based on the location of the parties to
the call, signal quality on the various link options, resource availability and

best utilization of resources.

A user 22 in standby mode constantly monitors the common outbound
calling frequency sub-band OC 32 for calling signals addressed to him by
means of his unique spreading code. Such calls may be originated from either
ground or satellite nodes. Recognition of his unique call code initiates the user
unit 22 ring function. When the user goes "off-hook", e.g. by lifting the

handset from its cradle, a return signal is broadcast from the user unit 22 to
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any receiving node in the user calling frequency sub-band IC 38. This initiates
a handshaking sequence between the calling node and the user unit which
instructs the user unit whether to transition to either satellite, or ground

frequency sub-bands, OS 30 and IS 36 or OG 28 and IG 34.

A mobile user wishing to place a call simply takes his unit 22 off hook

and dials the number of the desired party, confirms the number and "sends"

the call. Thereby an incoming call sequence is initiated in the IC sub-band 38.
This call is generally heard by several ground and satellite nodes which
forward call and signal quality reports to the appropriate system network
control center 12 which in turn designates the call handling to a particular
satellite node 20 or regional node control center 14. The call handling element
then initiates a handshaking function with the calling unit over the OC 32 and
IC 38 sub-bands, leading finally to transition to the appropriate satellite or

ground sub-bands for communication.

Referring now to FIG. 3, a block diagram of a communications system
40 which does not inélude a system network control center is presented. In
this system, the satellite node control centers 42 are connected directly into the
land line network as are also the regional node control centers 44. Gateway
systems 46 are also available as in the system of FIG. 1. and connect the
satellite communications to the appropriate land line or other communications
systems. The user unit 22 designates satellite node 48 communication or

ground node 50 communication by sending a predetermined code.
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Referring now to FIG. 4, a hierarchical cellular structure is shown. A
pair of clusters 52 of ground cells 54 are shown. Additionally, a plurality of
satellite cells 56 are shown. Although numerals 54 and 56 point only to two
cells each, this has been done to retain clarity m the drawing. Numeral 54 is
meaﬂt to indicate all ground cells in the figure and similarly numeral 56 is
meant to indicate all satellite cells. The cells are shown as hexagonal in shape,
however, this is exemplary only. The ground cells may be from 3 to 15 km
across although other sizes are possible depending on user density in the cell.
The satellite cells may be approximately 200-500 km across as an example

depending on the number of beams used to cover a given area. As shown,

“some satellite cells may include no ground cells. Such cells may cover

undeveloped areas for which ground nodes are not practical. Part of a satellite
cluster 58 is also shown. The cell members of such a cluster share a common

satellite node control center 60.

Referring again to FIG. 1 as well as to FIG. 4, the satellite nodes 20
make use of large, multiple-feed antennas 62 which in one embodiment provide
separate, relatively narrow beamwidth beams and associated separate
transmitters for each satellite cell 56. For example, the multiple feed antenna
62 may cover an area such as the United States with, typically, about 100
satellite beams/cells and in one embodiment, with about 200 beams/cells. As
used herein, "relatively narrow beamwidth" refers to a beamwidth that results
in a cell of 500 km or less across. The combined satellite/ground nodes

system provides a hierarchical geographical cellular structure. Thus within a
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dense metropolitan area, each satellite cell 56 may further contain as many as
100 or more ground cells 54, which ground cells would normally carry the
bulk of the traffic originated therein. The number of users of the ground
nodes 16 is anticipated to exceed the number of users of the satellite nodes 20
where ground cells exist within satellite cells. Because all of these ground
node users would othenﬁise interfere as Background noise with the intended
user-satellite links, in one embodiment the frequency band allocation may be
Sepamted into separate segments for the ground element and the space element
as has been discussed in connection with FIG 2. This combined, hybrid
service can be provided in a manner that is smoothly transparent to the user.
Calls will be ailocated among all available ground and satellite resources in the

most efficient manner by the system network control center 12.

An important parameter in most considerations of cellular radio
communications systems is the "cluster”, defined as the minimal set of cells
such that mutual interference between cells reusing a given frequency sub-band
is tolerable provided that such "co-channel cells" afe in different clusters.
Conversely all cells within a cluster must use different frequency sub-bands.
The number of cells in such a cluster is called the "cluster size". It will be
seen that the "frequency reuse factor”, i.e. the number of possible reuses of a
frequency sub-band within the system is thus equal to the number of cells in
the system divided by the cluster size. The total number of channels that can
bé supported per cell, and therefore overall bandwidth efficiency of the system

is thus inversely proportional to the cluster size.
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Referring now to FIG. 5, a block diagram is shown of a typical user
unit 22 to satellite 20 to satellite node control 18 communication and the
processing involved in the user unit 22 and the satellite node control 18. In
placing a call for example, the handset 64 is lifted and the telephone number
entered by the user. After confirming a display of the number dialed, the user
pushes a "send” button, thus initiating a call request signal. This signal is
processed through the transmitter processing circuitry 66 which includes
spreading the signal using a calling spread code. The signal is radiated by the
omni-directional antenna 68 and received by the satellite 20 through its narrow
beamwidth antenna 62. The satellite processes the received signal as will be
described below and sends the backhaul to the satellite node control center 18
by way of its backhaul antenna 70. On receive, the antenna 68 of the user unit
22 receives the signal and the receiver processor 72 processes the signal.
Processing by the user unit 22 will be described in more detail below in

reference to FIG. 7.

The satellite node control center 18 receives the signal at its antenna 71,
applies it to a circulator 73, amplifies 74, frequency demultiplexes 76 the
signal separating off the composite signal which includes the signal from the
user shown in FIG. 5, splits it 78 off to one of a bank of code correlators,
each of which comprises a mixer 80 for removing the spreading and
identification codes, an AGC amplifier 82, the FECC demodulator 84, a
demultiplexer 86 and finally a voice encoder/decoder (CODEC) 88 for

converting digital voice information into an analog voice signal. The voice
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signal is then routed to the appropriate land line, such as a commercial
telephone system. Transmission by the satellite node control center 18 is

essentially the reverse of the above described reception operation.

Referring now to FIG. 6, the satellite transponder 90 of FIG. 5 is
shown in block diagram form. A circulator/diplexer 92 receives the uplink
signal and applies it to an L-band or S-band amplifier 94 as appropriate. The
signals from all the M satellite cells within a "cluster” are frequency
multiplexed 96 into a single composite K-band backhaul signal occupying M
times the bandwidth of an individual L-/S-band mobile link channel. The
composite signal is then split 98 into N parts, separately amplified 100, and
beamed through a second circulator 102 to N separate satellite ground cells.
This general configuration supports a number of particular configurations
various of which may be best adapted to one or another situation depending on
system optimization which for example may include considerations related to
regional land line long distance rate structure, frequency allocation and
subscriber population. Thus, for a low dcnsi;y rural area, one may utilize an
M-to-1 (M>1, N=1) cluster configuration of M contiguous cells served by a
single common satellite ground node with M limited by available bandwidth.
In order to provide high-value, long distance service between metropolitan
areas, already or best covered for local calling by ground cellular technology,
an M-to-M configuration would provide an "inter-metropolitan bus" which
would tie together all occupants of such M satellite cells as if in a single local

calling region. To illustrate, the same cells (for example, Seattle, Los
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Angeles, Omaha and others) comprising the cluster of M user cells on the left
side of FIG. 6, are each served by corresponding backhaul beams on the right

side of FIG. 6.

Referring now to FIG. 7, a functional block diagram of 5 typical user
unit 22 is shown. The user unit 22 comprises a small, light-weight, low-cost,
mobile transceiver handset with a small, non-directional antenna 68. The
single antenna 68 provides both transmit and receive functions by the luse of a
circulator/diplexer 104 or other means. It is fully portable and whether
stationary or in motion, permits access to a wide range of communication
services from one telephone with one call number. It is anticipated that user
units will transmit and receive on frequencies in the 1-3 GHz band but can

operate in other bands as well.

The user unit 22 shown in FIG. 7 comprises a transmitter section 106
and a receiver section 108. For the transmission of voice communication, a
microphone couples the voice signal to a voice ehcodcr 110 which performs
analog to digital encoding using one of the various modern speech coding
technologies well known to those skilled in the art. The digital voice signal is
combined with local status data, and/or other data, facsimile, or video data
forming a composite bit stream in digital multiplexer 112. The resulting
digital bit stream proceeds sequentially through forward error encoder 114,
symbol or bit interleaver 116, symbol or bit, phase, and/or amplitude

modulator 118, narrow band IF amplifier 120, wideband multiplier or spreader
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122, wide band IF amplifier 124, wide band mixer 126, and final power
amplifier 128. Oscillators or equivalent synthesizers derive the bit or baud
frequency 130, pseudo-random noise or "chip" frequency 132, and carrier
frequency 134. The PRN geherator 136 comprises deterministic logic
generating a pseudo-random digital bit stream capable of being replicated at the
remote receiver. The ring generator 138 on command generates a short

pseudo-random sequence functionally equivalent to a "ring.".

The transceiver receive function 108 demodulation operations mirror
the corresponding transmit modulation functions in the transmitter section 106.
The signal is received by the non-directional antenna 68 and conducted to the
circulator 104. An amplifier 142 amplifies the received signal for mixing to an
IF at mixer 144. The IF signal is amplified 146 and multiplied or despread
148 and then IF amplified 150 again. The IF signal then is conducted to a bit
or symbol detector 152 which decides the polarity or value of each channel bit
or symbol, a bit or symbol de-interleaver 154 and then to a forward error
decoder 156. the composite bit stream from the FEC decoder 156 is then split
into its several voice, data, and command components in the de-multiplexer
158. Finally a voice decoder 160 performs digital to analog converting and
results in a voice signal for communication to the user by a speaker or other
means. Local oscillator 162 provides the first mixer 144 LO and the bit or
symbol detector 152 timing. A PRN oscillator 164 imd PRN generator 166

provide the deterministic logic of the spread signal for despreading purposes.
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The baud or bit clock oscillator 168 drives the bit in the bit detector 152,

forward error decoder 156 and the voice decoder 160. |

The bit or symbol interleaver 116 and de-interleaver 154 provide a type
of coded time diversity reception which provides an effective power gain
against multipath fading to be expected for mobile users. Its function is to
spread or diffuse the effect of short bursts of channel bit or symbol errors so

that they can more readily be corrected by the error correction code.

As an alternative mode of operation, provision is made for direct data
or facsimile or other digital data input 170 to the transmitter chain and output

172 from the receiver chain.

A command decoder 174 and command logic element 176 are coupled
to the forward error decoder 156 for receiving commands or information. By
means of special coding techniques known to those skilled in the art, the non-
voice signal output at the forward error decoder 156 may be ignored by the
voice decoder 160 but used by the command decoder 174. An example of the
special coding techniques are illustrated in FIG. 7 by the MUX 112 and

DEMUX 158.

As shown, acquisition, control and tracking circuitry 178 are provided

in the receiver section 108 for the three receive side functional oscillators 162,
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164, 168 to acquire and track the phase of their counterpart oscillators in the

received signal. Means for so doing are well known to those skilled in the art.

The automatic gain cont‘rol~(AGC) voltage 184 derived from the
received signal is used in the conventional way to control the gain of the
preceding amplifiers to an optimum value and in addition as an indicator of
short term variations of path loss suffered by the received signal. By means fo
be described more in detail below, this information is combined with |
simultaneously received digital data 186 in a power level controller 188
indicating the level at which the received signal was originally transmitted to

command the local instantaneous transmit power level to a value such that the

received value at the satellite node control is approximately constant,

independent of fading and shadowing effects. The level commanded to the

output power amplifier 128 is also provided 190 to the transmitter muitiplexer

112 for transmission to the corresponding unit.

In mobile and other radio applications, fading, shadowing, and
interference phenomena result in occasional, potentially significant steep
increases of path loss and if severe enough, may result in data loss. In order
to insure that the probabilit‘y that such a fade will be disruptive is acceptably
low, conventional design practice is to provide a substantial excess power
margin by transmitting at a power level that is normally as much as 10 to 40
dB above the average requirement. But this causes correspondingly increased

battery usage, inter-system, and intra-system interference. In a CDMA
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application, this can drastically reduce the useful circuit capacity of the

channel.

In accordance with the principles of the invention is an adaptive two-

way power control system which continually maintains each transmitted signal

~ power at a minimum necessary level, adapting rapidly to and accommodating

such fades dynamically, and only as necessary. In controlling the transmitted
signal power, the adaptive power control system at each end, near-end and far-
end, includes a unique hybrid combination of two complementary sensors, the
first being a near-end signal strength measure and the second being a far-end
signal quality measure, both in operation simultaneously and symmetrically,

with respect to each end of the subject two-way communication link.

The signal strength measure is inferred from the near-end measure of
received signal strength. In the subject invention, both ends of the link are
under adaptive power control depending at least in part on local received signal
strength measurement. Thus, the local received strength depends not only on
the path loss but also on the instantaneous adapted power level at which the
received signal was transmitted from the far end. In order to implement two-
way adaptive control, the far-end transmitter continuously telemeters the
adapted power at which it is transmitting, multiplexed by any of several
available means signal information. Combining the locally measured received
signal strength with far end telemetered transmit power level, the transceiver is

able to determine the path loss or changes in the path loss of the received
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signal. Assuming path reciprocity, this provides a first estimate of the path
loss of the outgoing path, and in turn, a first estimate of the pow‘er or change
in power needed by the local transmitter. This determination is fast, in that it

responds almost instantaneously to path loss.

Further, the adaptive power control system in accordance with the
invention comprises two main adaptive systems, the first being an adaptive
signal quality power control system and the second being an adaptive path loss
power control system. Each of these systems may be operated independently, -
but in a preferred embodiment are a combination of the adaptive signal quality

power control system and the adaptive path loss power control system.

The adaptive power control system in accordance with the inventioh
considers not only path loss but also a measure of data loss or "signal quality”
reported to it from another unit with which it is in communication. Discussing
now an embodiment of the adaptive signal quality system, as used herein,
"signal quality" refers to the accuracy or fidelity of a received signal in
representing the quantity or waveform it is supposed to represent. In a digital
data system, this may be measured or expressed in terms of a bit error rate,
or, if variable, the likelihood of exceeding a specified maximum bit error rate
threshold. Signal quality involves more than just signal strength, depending
also on noise and interference level, and on the variability of signal loss over
time. Additionally, "grade of service" as used herein is a collective term

including the concepts of fidelity, accuracy, fraction of time that
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communications are satisfactory, etc., any of which may be used to describe
the quality objectives or spéciﬁcations for a communication service. Examples

of grade of service objectives would include:

- bit error rate less than one in 10°;.

- ninety percent or better score on the voice diagnostic rhyme
test,

and

- less than one-half percent probability of fade below threshold,
although the exact numbers may vary depending on the application. This
signal quality measurement, by comparison to a nominal signal quality or
grade-of-service objective, provides a second estimate of the power or change

required of the near-end transmitter.

To control the transmitter output power of the respective transceiver,
each receiver determines the quality of the received signal and provides a local
quality signal to its associated transmitter in the respective transceiver
indicative of that received signal quality. Each transmitter then transmits the
local quality signal provided by the receiver back to the transceiver that
transmitted the original transmission. The transceiver is responsive to the

local quality signal to control its own transmitter power.

For example, a mobile unit transmits a first signal to a nodal

transceiver. The nodal transceiver determines the signal quality of the received
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signal by analyzing bit error rate, voice diagnbstics, fade or the like to provide’
the local quality signal. The nodal transceiver then transmits the local quality
signal back to the mobile unit which processes the local quality signal along
with other factors such as received signal strength, or other measurements will
known in the art to determine the output power of mobile unit’s transmitter.

In a preferred embodiment, the local quality signal is appended to the
transmission of a second communication signal. In this manner, two way
communication provides a carrier signal upon which the local quality signal is

transmitted.

Power adjustment based upon path loss reciprocity alone is subject to
several sources of error, including, path non-reciprocity (due to frequency
difference), staleness due to transit time delay, and local noise or interference
anomafics. Compensation for all these effects is provided in the system and
method of the invention by a longer term signal quality monitor, which
compares recent past actual error rate statistics, (measured in the forward error
correction decoder) and compares against prescribed maximum acceptable
error rate statistic. In one embodiment, the signal quality monitor includes a
history compiler, situated at either the mobile unit or the nodal transceiver,
that records and processes additional factors such as past signal quality
measurements, position determination of the mobile unit, past measurements of
received signal strength, past determinations of the output power of the

received signal and other measurements well known to those in the art to
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provide a more comprehensive determination of actual signal quality. The

difference is interpreted as a longer-term signal level deficiency.

This signal level deficiency is then telemetered back to the respondent
transceiver as an independent short burst transmission or may be appended to
the transmission of a second two-way signal, where it is used to provide a
longer term supervisory control over the short term path-reciprocity power
adjustment system. Thus, for example, if a mobile terminal passes into an
urban area where it suffers deep-fast fades that cannot be fully compensated
due to the delay in the path reciprocity sensing power control, the longer term
signal quality deficiency estimate will sense this and call for a gradual increase

in the reference value calibration of the fast, signal sensing power control.

The two derived estimates of the required near-end transmit power or
change in power, (near-end signal strength and far-end signal quality), have
complementary error characteristics such that an optimal combination of the
two estimates will yield an overall estimate far superior to either one
separately. The near-end path loss measurement is fast but error prone. The
far-end signal quality measurement is slow but accurate. The invention of the
adaptive power control system combines these two available measures into a
si;lgle control system taking advantage of the better features of each. Several

approaches to this combination are possible.
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present invention includes an adaptive path loss power control system. In an
embodiment of the adaptive path loss power control system, each transmitter
telemeters its current signal output level to the counterpart far end receiver by
adding a low rate data stream to the composite digital output signal. Using
this information along with the measured strength of the receivcd signal and
assuming ‘path loss reciprocity, each end can form an estimate of the
instantaneous path loss and adjust its current transmit power output to a level
which will produce an approximately constant repeived signal level at the

counterpart receiver irrespective of path loss variations.

Referring now to FIGS. 8a through 8h, timing and waveform diagrams
of the adaptive path loss system of an adaptive power control system in
accordance with the principles of the invention are presented. In this example, .,
the two ends of the communications vlink are referred to generally as A and B.
In the ground cellular application, "A" corresponds to the user and "B"
corresponds to the cellular node. In the satellite link, A would be the user and
B would be the satellite control node; in this case, the satellite is simply a
constant gain repeater and the control of its power output is exercised by the

level of the signal sent up to it.

In the example of FIG. 8a, at time 192, the path loss suddenly increases
x dB due for example to the mobile user A driving behind a building or other
obstruction in the immediate vicinity of A. This causes the signal strength as

sensed by A’s AGC to decrease x dB as shown in FIG. 8b. The telemetered
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data at time 192 shown in FIG. 8c indicates that the level at which this signal
had been transmitted from B had not been altered, A’s power level controller
188 subtracts the telemetered transmitted signal level from the observed
received signal level and computes that there has been an increase of x dB in
path loss. Accordingly it increases its signal level output by x dB at time 192
as shown in FIG. 8d and at the same time adds this information to its status

telemeter channel.

This signal is transmitted to B, arriving after transit time T as shown in
FIG. 8e. The B receiver sees a constant received signal strength as shown in
FIG. 8f but learns from the telemetered data channel as shown in FIG. 8g that
the signal has been sent to him at +x dB. Therefore, B also computes that the
patﬁ loss has increased x dB, adjusts its output signal level accordingly at FIG.
8h and telemeters that information. That signal increase arrives back at station
A at 2T as shown in FIG. 8e thus restoring the nominal signal strength with a
delay of two transit times (T). Thus for a path loss variation occurring in the
vicinity of A, the path loss compensation at B is seen to be essentially

instantaneous while that at A occurs only after a two transit time delay, 2T.

The general hybrid of the adaptive signal quality power control system
combined with the adaptive path loss power control system is illustrated in
Figure 10. Independent estimates, 250 and 252, of the required power
correction are formed based upon the local received signal strength,

compensated by telemetered far-end transmit power, and telemetered far-end
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signal quality as discussed above. These are filtered in filters 256 and 258 and
combined in signal summer 260 to provide the best possible power control
260. Based upon estimates or measurements of the true path loss variability
power density spectrum, and the power density spectra of the independent
estimates 252 and 254, optimal' realizable filters 256 and 258 may be designed
by well known Wiener methods and specified in terms of their transfer

function or impulsive response characteristics.

Alternatively, and more directly relevant to the preferred embodiments,
the independent estimates 252 and 254 and the power control output 262 may
be in discrete time sampled digital form. The combiner may then be
implemented as a finite state machine computer algorithm (constant coefficient
digital filter), designed by well known Kalman-Bucy filter estimation
methodology based upon the estimated or measured autocorrelation statistics of
the true path loss variation and of the estimate errors of 252 and 254. These
statistics are directly related to the power density spectral statistics used to

describe the analog implementation of the Fourier transforms of one another.

FIG. 9 also shows the operation of an adaptive signal quality power
control system acting in concert with the adaptive path loss power control
system described above. While FIG. 9 depicts only one of two corresponding
transceivers 210 which are in communication with each other, the one not
shown functions identically to the one shown in FIG. 9 and described.

Receiver 212 receives the signal from the corresponding transceiver and
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provides a measure indicative of the near-end received signal level deviation
from a nominal level 214 by techniques well known to those skilled in the art
as a step in determining the path loss. The nominal level is typically
calculated to provide a desired minimum acceptable grade of service under
average conditions of fading and interference, as is well known to those skilled
in the art. The receiver 212 provides a digital output signal 213 based on the
received signal. Forward error decoder 216 decodes the digital information in
the received signal 213, and in the process provides an error rate measure 218,
derived from the fraction of transmitted bits needing correction. The forward
error decoded signal 218 is further processed in the signal quality circuit 220
to derive signal quality deficiency; i.e., an estimate of the change in transmit
power calculated as that which would be required to just achieve the specified,
minimum acceptable error rate under average conditions of fading and
interference. The output from the signal quality circuit 220 is provided to an
analog-to-digital converter 221 to provide a digital signal to be multiplexed
244. If the error rate is higher than acceptable, the signal quality circuit
output 222 will include a power increase command signal and if the error rate

is less than acceptable, a transmit power reduction will be output.

The circuit of FIG. 9 also includes a consideration of the signal-to-noise
ratio (SNR) in the received signal to determine signal quality. The SNR of the
received signal is determined in the receiver 212 by techniques well known to
those skilled in the art; for example, the AGC is monitored, and an SNR signal

223 is provided to the signal quality circuit 220. In this embodiment, the
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signal quality circuit 220 considers both the error rate 218 and the SNR when

producing its output control signal 222.

A demultiplexer 224 separates the telemetered data 217 output through
the forward error decoder 216 as to far-end signal quality deficiency 226, far-
end transmitter power devigtion reference 228 from a nominal level, and the
traffic signals 230. The far-end transmit power deviation signal 228 is
combined 232 with the near-end received signal level deviation 214 to yield a
signal 234 representative of the path loss deviation from a nominal reference
value. The telemetered far-end signal quality deficiency 226 and the path loss
deviation 234 are combined 236 through complementary filters 238 and 240,
which may take any of several forms as described above, to yield the transmit
power control signal 242 for controlling the output power of the asso;:iated
transmitter 250. The transmit power control signal 242 is also applied to an
analog-to-digital converter 243 to provide a digitized transmit power control
signal 245. The resulting transmitter power level deviation from nominal
reference 245 and the near-end signal quality 222 deficiency signals are
multiplexed 244 with the traffic 246, then forward error encoded 248 and
transmitted 250 to the far end transceiver in support of identical functions
performed there. In the preferred discrete digitally sampled embodiment, the
complementary combining filters 238 and 240 can be designed as optimal
estimating filters based upon knowledge of the power requirement signal and
measurement error statistics using methods well known to those familiar with

estimation theory.
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The economic feasibility of a mobile telephone system is related to the
number of users that can be supported. Two significant limits on the number
of users supported are bandwidth utilization efficiency and power efficiency.
In regard to bandwidth utilization efficiency, in either the ground based cellular
or mobile satellite elements, radio frequency spectrum allocation is a severely
limited commodity. To this end, the power control system of the present
invention may be incorporated with other measures to maximize bandwidth
utilization efficiency including the use of code division multiple access
(CbMA) technology, and spread spectrum communications techniques which
provide important spectral utilization efficiency gain and higher spatial
frequency reuse, factors made possible by the use of smaller satgllite antenna

beams.

In regard to power efficiency, which is a major factor for the satellite-
mobile links, the powér control of the present invention may be combined with
the use of forward-error-correcting coding, which in turn is enabled by the
above use of spread spectrum code division multiple access (SS/CDMA)
technology and by the use of relatively high antenna gain on the satellite.
CDMA and forward-error-correction coding are known to those skilled in the

art and no further details are given here.

Two-way, adaptive power control and signal quality control system in
accordance with the invention provides a flexible capability of providing the

following additional special services: high quality, high rate voice and data
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service; facsimile (the standard group 3 as well as the high speed group 4);
two way messaging, i.e. data interchange between mobile terminals at variable
rates; automatic position determination and reporting to within several hundred
feet; paging rural residential telephone; and private wireless exchange.
Additionally, the system obviates the usual practice of continuously
transmitting at a power level which is 10 to 40 dB greater than required most
of the time in order to provide a margin for accommodating infreqilent deep

fades.

It is anticipated that the satellite will utilize geostationary orbits but is
not restricted to such. The invention permits operating in other orbits as well.
While a satellite node has been described above, it is not intended that this be
the only means of providing above-ground service. In the case where a
satellite has failed or is unable to provide the desired level of service for other
reasons, for example, the satellite has been jammed by a hostile entity, an
aircraft or other super-surface vehicle may be commissioned to provide the
satellite functions described above. The "surface" nodes described above may
be located on the ground or in water bodies on the surface of the earth.
Additionally, while users have been shown and described as being located in
automobiles, other users may exist. For example, a satellite may be a user of
the system for communicating signals, just as a ship at sea may or a user on

foot.
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While several particular forms of the invention have been illustrated and
described, it will be apparent that various modifications can be made without
departing from the spirit and scope of the invention. Accordingly, it is not

intended that the invention be limited, except by the appended claims.

h) Having described the invention in such terms as to enable those skilled
in the art to make and use it and having identified the presently known and

preferred best modes thereof, I claim:
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1. A cellular communication power control system comprising:
a first transceiver comprising
a first receiver for receiving a first signal,
5 a quality measurement means for determining the quality of said
first signal and for generating a first quality signal representative

of the quality pf said first signal, and

a first transmitter for transmitting a second signal and said first

10 quality signal;
a second transceiver comprising
a second transmitter for transmitting said first signal,

a second receiver for receiving said second signal and said first

quality signal,

15 a signal strength measurement means for measuring the signal

.strength of said second signal,
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é processor means for processing said first quality signal,
compiled history data relating to the cellular communication
system and said signal strength of said second signal for

providing a first path loss signal;

5 a controller means for controlling the output power level of said

first signal in accordance with said first path loss signal; and

a history compilation means for continuously compiling history data

relating to the cellular communication system.
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2. A cellular communication system as in claim 1 wherein:
said second transceiver further comprises:
a quality means for determining the quality of said second signal
and for producing a second quality signal representative of the

5 quality of said second signal, and

said second transmitter for transmitting said first signal and said

second quality signal;
said first transceiver further comprises:

said first receiver for receiving said first signal and said second

10 quality signal,

a signal strength measurement means for measuring the signal

strength of said first signal,

a processor means for processing said second quality signal, said
compiled history data and said signal strength of said first signal

15 for providing a second path loss signal, and
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second signal in accordance with said second path loss signal.
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3. A cellular communication system as in claim 1 wherein:
said first transceiver further comprises:

a first level indicator means which generates a first level signal

indicative of the output power level of said first transmitter, and

5 said first transmitter transmits said second signal at a -

controllable power level and said first level signal;

said second transceiver further comprises:

said processor means further processes said first level signal for
comparing said transmitted first level signal to the locally
10 received signal strength of said second signal to provide said

first path loss signal.

NAC1002
Page 139



WO 96/31009
4.
5
10
15

PCT/US95/03898

41-

A cellular communication system as in claim 2 wherein:

said first transceiver further comprises:

a first level indicator means which generates a first level signal

indicative of the output power level of said first transmitter,

said first transmitter transmits said second signal at a

controllable power level and said first level signal, and

said processor means further processes a second level signal for
comparing said second level signal to the locally received signal
strength of said first signal to provide said second path loss

signal,

said second transceiver further comprises:

a second level indicator means which generates said second level
signal indicative of the output power level of said second

transmitter,

said second transmitter transmits said first signal at a

controllable power level and said second level signal, and
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said processor means further processes said first level signal for
comparing said transmitted first level signal to the locally
received signal strength of said second signal to provide said

first path loss signal.
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5. A method for communicating between first and second transceivers,
each transceiver comprising a transmitter and a receiver, the method

comprising:

generating a quality signal representative of the quality of a received

first signal;

transmitting the quality signal of the respective transceiver and a second

signal to the other transceiver;
compiling history data relating to the communication system;

receiving the transmitted quality signal and second signal from the other

transceiver,
measuring the signal strength of the received second signal;

processing the quality signal and the sigrial strength of the second signal

to provide a path loss signal; and

controlling the associated transmitter output power level in response to

the path loss signal.
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6. A cellular communication power control system comprising:
a first transceiver comprising
a first receiver for receiving a first signal,

5 a quality measurement means for determining the quality of said
first signal and for generating a first quality signal representative
of the quality of said first signal, and
a first transmitter for transmitting a second signal being different

10 and distinct from said first signal and including said first quality
signal;
a second transceiver comprising

a second transmitter for transmitting said first signal,

a second receiver for receiving said second signal and said first

15 quality signal,

a signal strength measurement means for measuring the signal

strength of said second signal,
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a processor means for processing said first quality signal and
said signal strength of said second signal for providing a path

loss signal, and

controller means for controlling the output power level of said

5 first signal in accordance with said path loss signal.
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7. A cellular communication system as in claim 6 wherein:

said second transceiver further comprises:

a quality means for determining the quality of said second signal
and for producing a second quality signal representative of the

5 quality of said second signal, and

said second transmitter for transmitting said first signal being

different and distinct from said second signal and including said

second quality signal;

said first transceiver further comprises:

10 said first receiver for receiving said first signal and said second

quality signal,

a signal strength measurement means for measuring the signal

strength of said first signal,

a processor means for processing said second quality signal and
15 said signal strength of said first signal for providing a path loss

signal, and
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a controller means for controlling the output power level of said

second signal in accordance with said path loss signal.
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8. A cellular communication system as in claim 6 wherein:

said first transceiver further comprises:

a first level indicator means which generates a first level signal

indicative of the output power level of said first transmitter, and

5 said first transmitter transmits said second signal at a

controllable power level and said first level signal;

said second transceiver further comprises:

said processor means further processes said first level signal for
comparing said transmitted first level signal to the locally
10 received signal strength of said second signal to provide said

first path loss signal.
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9. A cellular communication system as in claim 7 wherein:
said first transceiver further comprises:

a first level indicator means which generates a first level signal

indicative of the output power level of said first transmitter,

5 said first transmitter transmits said second signal at a

controllable power level and said first level signal, and

said processor means further processes a second level signal for
comparing said second level signal to the locally received signal
strength of said first signal to provide said second path loss

10 signal;
said second transceiver further comprises:

a second level indicator means which generates said second level
signal indicative of the output power level of said second

transmitter,

15 said second transmitter transmits said first signal at a

controllable power level and said second level signal, and
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said processor means further processes said first level signal for
comparing said transmitted first level signal to the locally
received signal strength of said second signal to provide said

first path loss signal.
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10. A method for communicating between first and second transceivers,

each transceiver comprising a transmitter and a receiver, the method

comprising:

generating a quality signal representative of the quality of a received

first signal;

transmitting a second signal being different and distinct from said first

signal and including the second quality signal to the other transceiver;

receiving the transmitted quality signal and second signal from the other

transceiver;

measuring the signal strength of the received second signal;

processing the quality signal and the signal strength of the second signal

to provide a path loss signal; and

controlling the associated transmitter output power level in response to

the path loss signal.
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-1-

POWER ADAPTION IN A MULTI-STATION NETWORK

BACKGRO (0) NTION

This invention relates to a method of operating a multi-station communication

network and to communication apparatus usable to implement the method.

International patent application no. WO 96/19887 describes a communication
network in which individual stations in the network can send messages to
other stations by using intermediate stations to relay the message data in an
opportunistic manner. In networks of this kind, and in other multi-station
networks, it is desirable to control the output power of transmitting stations to
a level which is sufficient for successful reception of transmitted data, but
which is otherwise as low as possible, to minimise interference with nearby

stations or with other users of the radio frequency spectrum.

It is an object of the invention to provide a method of operating a multi-station

communication network which addresses the above objective.
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S Y OF THE 1

According to the invention there is provided a method of operating a
communication network comprising a plurality of stations able to transmit

data to and receive data from one another, the method comprising:

monitoring, at each station, the path quality between that station and

each other station with which that station communicates;

recording, at each station, path quality data corresponding to the path

quality associated with each said other station; and

setting, at each station, a transmission power value based on the
recorded path quality data associated with a selected other station
when transmitting data to said selected other station, thereby to
increase the probability of transmitting data to said selected other

station at an optimum power level.

The monitoring of path quality between stations may include monitoring at
least one of the path loss, phase distortion, time delay, Doppler shift and

multipath fading characteristics of a channel between the stations.

The method preferably includes transmitting path quality data corresponding
to the path quality between a first and a second station when transmitting other
data between the stations, so that path quality data recorded at the first station
is communicated to the second station for use by the second station and vice

versa.
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The path quality at a station receiving a data transmission may be calculated
by comparing the measured power of the received transmission with data in

the transmission indicating the transmission power thereof.

A station receiving such path quality data preferably will compare the
received path quality data with respective stored path quality data and
calculate a path quality correction value from a difference between the
received and storéd values, the path quality correction value being utilised to
adjust the transmission power when transmitting data to the station which

transmitted the path quality data.

The path quality correction factor may be calculated by deriving rate of

change data from a plurality of path quality correction factor calculations.

The rate of change data may be utilised to adjust the transmission power
prédictively when transmitting data to a station whose path quality correction

value is detected to be changing over time.

The method may include monitoring, from a station transmitting data, the
background noise/interference at a station receiving a data transmission and
) adjusting the transmission power value at the station transmitting data to the
receiving station, thereby to maintain the required signal to noise ratio at the

receiving station.

The method may include adjusting the data rate of message data transmitted

from a first station to a second station according to the transmission power
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value set at the first station and the required signal to noise ratio at the second

station.

The method may also include adjusting the length of message data packets
transmitted from a first station to a second station according to the
transmission power value set at the first station and the required signal to

noise ratio at the second station.

Each station preferably rﬁonitors the transmissions of other stations to obtain
path quality and background noise/interference data therefrom, so that a first
station monitoring a transmission from a second station within range of the
first station to a third station out of range of the first station can obtain path

quality and background noise/interference data relating to the third station.

The method preferably includes selecting, opportunistically, a station for
transmission of data thereto according to the path quality and/or background

noise/interference data associated therewith,

Further according to the invention there is provided communication apparatus
operable as a station in a network comprising a plurality of stations which can
transmit data to and receive data from one another, the communication

. apparatus comprising:
transmitter means arranged to transmit data to selected stations;

receiver means arranged to receive data transmitted from other

stations;
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signal strength measuring means for measuring the power of received

transmissions;

processor means for recording path quality data corresponding to the

path quality associated with other stations; and

control means for adjusting the output power of the transmitter
according to the path quality between the apparatus and a destination

station.

The processor means is preferably arranged to calculate the path quality by
comparing data in received transmissions relating to their transmission power
and/or a previously measured path quality with the measurements made by the

signal strength measuring means.

The prdcessor means 1s preferably arranged to monitor at least one of the path
loss, phase distortion, time delay, Doppler shift and multipath fading

characteristics of a channel between the apparatus and other stations.

The processor means is preferably arranged to extract path quality data from
_ received transmissions, to compare the path quality data with the measured
power 6f received transmissions, and to calculate a path quality correction
factor from the difference therebetween, the path quality correction factor
being utilised by the control means to adjust the output power of the

transmitter.
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The processor means may be adapted to derive rate of change data from a
plurality of path quality correction factor calculations, thereby to compensate

for variations in the path quality between stations.

The processor means is preferably arranged to utilise the rate of change data to
adjust the transmission power predictively when transmitting data to a station

whose path quality correction value is detected to be changing over time.

Preferably, the processor means is arranged to store path quality data for each
of a plurality of stations and to set an initial transmission power value when
initiating communication with any of said plurality of stations according to the

respective stored path quality data.

The processor means is preferably adapted to monitor transmissions of other
stations to obtain path quality and background noise/interference data
therefrom, so that the apparatus can select, opportunistically, another station
for transmission of data thereto according to the path quality and/or

background noise/interference data associated therewith.

. EF DESCRIPTION DRAWIN
Figure 1 is a schematic diagram of a multi-station
( : communication network, indicating how an originating

station can transmit data via a plurality of intermediate

stations to a destination station;
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Figures 2A to 2E comprise together a simplified flow diagram indicating
graphically the operation of the method of the

invention;

Figures 3to 6 are schematic block diagrams of apparatus suitable for

implementing the invention; and

Figures 7 to 9 are flow diagrams showing the power, modem data rate
and packet size adaption processes of the invention,

respectively.

DESCRIPTION OF EMBODIMENT

The network illustrated schematically in Figure 1 comprises a plurality of
stations, each comprising a transceiver able to receive and transmit data from
any other station within range. A communication network of this kind is
described in international patent application no. WO 96/19887, the contents of
which are incorporated herein by reference. The stations of the network
maintain contact with one another using the probing methodology described in
_international patent application no. PCT/GB98/01651, the contents of which |

are also incorporated herein by reference.

Although the method and apparatus of the present invention were designed for
use in the above referenced communication network, it should be understood

that the application of the present invention is not limited to such a network
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and can be employed in other networks, including conventional cellular or star
networks, or even in a two-way communication situation between first and

second stations.

In Figure 1, an originating station A is able to communicate with five
"nearby" stations B to F, and is transmitting data to a destination station O via

intermediate stations B, [ and M.

When any of the stations transmit data to any other station, it is necessary that
the transmit power used be sufficient to enable successful reception of the
transmitted data at the receiving station. At the same time, to avoid
unnecessary energy consumption and interference with other stations in the
network, or other communications systems in general, it is desirable to

minimise the transmission power utilised.

The problem of setting an optimum transmission power is complicated by
variations in the path quality between stations, which may be severe in the

case of stations which are moving relative to one another.

In this specification, the expression “path quality” includes path loss (also
referred to by those skilled in the art as transmission loss or path attenuation)
. which is a measure of the power lost in transmitting a signal from one point
to another through a particular medium. However, the expression also
includes other parameters of the transmission path between any two stations,
such as phase distortion, time delay spread, Doppler shift and multipath fading
characteristics, which would affect the transmission power required for

successful transmission between any two stations.
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The present invention addresses this problem by providing a method and
apparatus for continually monitoring the path quality between stations and
adjusting the transmission power used when transmitting data, so as to use just
enough power to ensure successful reception of the transmitted data, without
transmitting at a higher power than is required. In addition, other transmission
parameters, such as the equalisation and coding applied to the transmitted

signals, can be adjusted to improve the likelihood of successful reception.

When a station receives a data package from a remote station it measures the
power or strength of the received transmission. This is known as the Received
Signal Strength Indicator (RSSI) value of the received transmission. In the
data packet from the remote station there is included data corresponding to the
transmission power used by the remote station. The local station can therefore
calculate the path loss (ie. transmission loss or path attenuation) between the
two stations by subtracting the locally measured RSSI value from the
transmission power value in any data packet. Whenever a local station

responds to a probe signal from a remote station, it will always indicate the
path loss it has calculated in the response data packet. Likewise, the local
station knows that any data packets addressed to itself will contain data
corresponding to the path loss measured by the remote station from the most

_recent probe signal received by that remote station from the local station.

The local station will compare its calculated path loss with the path loss data
received from the remote station, and will use the difference in the path loss
values to determine a correction factor to use when transmitting data to the

remote station, thereby to adapt its output power to an optimum level, or as
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close to it as possible.

The first time the local station hears from the remote station it will use a

correction factor of:
Path., = Remote Path Loss - Local Path Loss
Thereafter:

Path,, = Path¢ +(((Remote Path Loss - Local Path Loss)+Path,)/2)-
PathCor)

where the maximum adjustment made to Path., in both cases is 5 dB

up or down.

Path.,, may only be a maximum of + 30dB.

The local station adds the correction factor Path, to its measured path loss,
thus generating a Corrected Path Loss value when determining what power to
use when responding to the remote station. However, the Path Loss value it

_places in the packet header is its measured Path Loss without correction.

If the local station does not get a direct response from the remote station after
ten transmissions then it must increase its Path, value by 5dB to a maximum
of +10dB. The reason for doing this is to avoid going below the noise

threshold of the remote station. (The Path.,, value is added to the measured
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Path Loss. The adjusted Path Loss is then used to determine the required
transmission poWer. A smaller value for Path., will correspond to a lower
transmission power. Therefore, if the Pathe,, value is made too small or even
negative then the transmission power may be too low to reach the remote
station. It is therefore necessary to increase the Path.,, value in 5dB steps uhtil

a response from the remote station is detected).

The local station will also not increase its transmission power more than 10dB
above normal. This is to avoid swamping other stations if there is an error
with the remote station's receiver. However, if the local station does receive a
response then the maximum adjustment may go as high as 30dB above

normal,

If the RSSI of the remote station is pegged it will set its Path Loss value in the
data packet header as 0 (zero). A station will not make any adjustment to its
path quality correction factor if either the remote Path Loss in the header is at

zero, or if its Jocal RSSI is pegged.

Having calculated the Path Loss and the correction factor Path,, the local |
station can now determine the pbwer required to transmit back to the remote
station. The remote station also includes in every packet it sends fhe
background RSSI values for the current, previous, and next modem. The local
- station will use the Corrected Path Loss and the remote background RSSI

value to determine what power to use when responding.

Each station has a minimum Signal to Noise (S/N) ratio level that it will try to

maintain for each modem. It is assumed that the required Signal to Noise ratio
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of all the stations in the network is the same. The local station will set the

power level for its transmissions such that the remote station will receive them

at the correct S/N ratio. If the local station has additional data to send, or if it .

can operate at a higher data rate, then the required S/N ratio required may

vary.
Example ]

Remote station Tx Power

Remote Station Background RSSI

Remote Station Path Loss

Local station Required S/N

Local station Path Loss

Path.,,

Corrected Path Loss

Local Tx Power

140 dBm
:-120 dBm
: 140 dB

:25dB
:130dB

= Remote Path Loss - Local Path Loss
(Assume first time)

=140 - 130

=10dB

= Local Path Loss + Path,,

=130+ 10

=140 dB

Remote RSSI + Required S/N +
Corrected Path Loss

=-120 + 25+ 140

=45 dBm
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From the above example it can be seen that the local station must use a Tx
Power of 45 dBm to obtain a remote S/N ratio of 25 dB. If the local station
can only set its power in 10 dB steps then it must adjust its power up to the

next step, ie. 50 dBm.

The power édaption process described above is summarised graphically in the

flow chart of Figure 7.

A station may have one or more modems. Each modem operates at a different
data rate. However, they all operate in the same channel, ie. frequency and/or
medium. Therefore when a station changes channels all the modems will be
available on the new channel. A channel may however have a minimum
and/or maximum data rate associated with it. For example if a station is on a
80 kbps probing channel it may not use data rates lower than 80 kbps.
Therefore it may not use the 8 kbps modem on that channel. In the same way
the 8 kbps probing channel may héve a maximum bandwidth of 80 kbps,

therefore not allowing the use of the 800 kbps modem on that channel.

When a station is probing on a probing channel, it will use the data rate
associated with the channel. It will always probe on the channel and at the

_ power required to maintain 5 neighbours.

When a local station responds to the probe of a remote station, or if it responds
to a data packet of a remote station, it will always try to use the optimum

modem for its response.
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A station will always try to respond at the highest data rate possible. The
highest data rate will be determined by the maximum data rate allowed for the
channel and by, the remote S/N ratio on the modem associated with that data

rate,

If a station can use a higher data rate on the channel, it will determine the
remote S/N for that data rate. If it can achieve that required S/N ratio it will
use the higher data rate. On the other hand, if the conditions are poor and the
station can’t achieve the required S/N ratio then it will remain at the current
data rate. When condition are very poor and the station can’t maintain the
current data rate, it may even choose to respond at a lower data rate, if the
channel allows. It will only use a lower data rate if the S/N ratio of the lower
data rate is achieved. If the station cannot use a lower data rate, and if it is on
the lowest data rate available then the station will try anyway. However, if
there is a lower data rate available, but the station may not use it on the current
channel, then the station will not respond to the remote station. This will force

the remote station to find a lower data rate channel.
In summary:

- A station will switch to the next modem if the S/N ratio of the
next modem meets the required S/N ratio and the maximum

modem rate of the channel allows the next modem to be used.

- A station will switch to the previous modem if the S/N ratio of
the current modem is below the required S/N ratio and the S/N

ratio of the previous modem meets the required S/N ratio and
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the minimum modem rate of the channel allows the previous

modem to be used.

The modem data rate adaption process described above is summarised

graphically in the flow chart of Figure 8.

When a station responds to another station it will always try to send as much
data as it can. The factors which limit the packet size are: spacing between
probes, maximum transmission power, and the allowed transmission duration

on a data channel.

In the prototype system, the base packet size is 127 bytes. This is the smallest
packet size that will allow data to be reliably transmitted between two stations.
(This assumes there is data to send. If a station has no data to send then the

packet will always be smaller than 127 bytes.)

A station will use the base packet size under very bad conditions even when it
has more data to send. Thus if it is sending to a remote station which has bad
background noise, or is very far away, it will only be able to respond at the

lowest data rate (8 kbps), and at maximum power.

If a station can achieve a remote S/N ratio better than the base value (i.e.
Required S/N for 8 kbps), it may start using larger packets based on the

following equations:

For a 10x baud rate increase it will multiply the packet size by a factor
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Z. (Typically Z = 4)

Multiplier for packet size = Z'**?, where X is Baud 2/ Baud 1.

For a 10dB S/N increase, multiply packet size by Y (Typically Y = 2)
Multiplier for packet size = Y*"'°, where W is additional S/N
available.

The values for Z and Y are fixed for the entire network. Typical values for Z

and Y are 4 and 2 respectively.

Example 2

If a station can respond at 80 kbps at the required S/N ratio for 80 kbps, it will
then use a maximum packet size of 127 * 4'8(8%00/8%0) = 177 % 4 = 508 bytes.
If the station cannot fill the packet, it will still use the powér required to

achieve the required S/N ratio.

Example 3

If a station can respond at 15 dB above the required S/N ratio for 80 kbps, it

will then use a maximum packet size of 127 * 4'°8#0000/8000) % 715710 — 157 x 4
* 2.83 = 1437 bytes. If the station cannot fill the packet it will drop its
- transmission power to the level required for the packet size it will actually use.
For example, even though it could use a packet size of 1437 bytes, if it only
has 600 bytes to send to the other station it will adjust its Tx power to a level
between the required S/N and 15dB above the required S/N by using the

inverse of the equation Y*"' to determine how much additional power it
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needs above the required S/N ratio.

It is important to note that even though a station may use a larger packet size
based on the available S/N ratio and data rate, the packet size may be limited
by the probe interval. For example, if the probe interval on the 8 kbps channel
is 300 milliseconds, and the maximum packet size based on the available S/N
ratio is 600 bytes (which translates to 600 milliseconds at 8 kbps), it can be
seen that a packet size of less than 300 bytes must be used, otherwise other

stations may corrupt the packet when they probe.

A number of factors must be taken into account when trying to determine the
maximum packet size based on the probing rate. These factors include: Tx on
delay (the time for the transmitter power amplifier to settle, and for the remote
receiver to settle), modem training delay (length of modem training sequence),
turnaround delay (time for processor to switch from Rx to Tk, ie. to process

data), and propagation delay (time for signal to travel through medium).

To determine the maximum packet size based on the probing rate the

following equation is used:
vMax Length (ms) = Probe interval - Tx on delay - modem training
delay - turnaround delay - propagation delay
The length in bytes can then be determined by:

Max Lengm (bytes) = Data Rate / 8 ¥ Max Length (seconds)
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Example 4

Probe interval is 300 milliseconds on 8 kbps channel. Tx on delay 2
milliseconds, modem training delay is 2 milliseconds, turnaround delay 3
milliseconds, propagation delay 8 milliseconds (worse case for station 1200
km away). |

Max Length (ms) = Probe interval - Tx on delay - modem training delay -
| turnaround delay -propagation delay
=300-2-2-3-8
=285ms

Max Length (bytes) e Data Rate / 8§ * Max Length (seconds)
= 8000/ 8 * 0.285
= 285 bytes

The packet size adaption process described above is summarised graphically

in the flow chart of Figure 9.

Below is a table giving details of the format of Probe and Data packets used in

the network of the invention.
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Format of Probe and Data packets

Variable Bit Len jAllows

Preamble 64|Modem training sequence (TOT0T0T010T0 efc ...)
Synct 8[First Sync Character used to Tock Zilog

Sync2 8/Second Sync Character used fo lock Zilog

Sync3 8] Third Sync character checked by software
Packet Size 161Size of packet from Sync3 untilTast CRC

Size Check 8|Packet Size Check = Packet Size MSB XOR LSB
Protocol Version 8]Protocol Version

Packet Type 8{Packet Type (E.g. Probe, Data, Key, etc)
Sending ID 32!Sending Station 1D

Receiving 1D 32Z|Receiving Station 1D (0 = Broadcasf)

Packet Number 16:Packet number

Adp Tx Power 81Sending station current power in dBm

Adp Tx PathLoss 8/Path Loss measured at sending station in dB

Adp Tx Activity 4]Sending station current Activity Level

Adp Tx Antenna 81Sending station current antenna configuration

Adp Tx Bkg RSST -1 8]Sending station RSSTin dBm -> Current Modem -1
Adp Tx Bkg RSSI 8|Sending station RSSTin dBm -> Current Modem

Adp Tx Bkg RSSI +1 8|Sending station RSSTin dBm -> Current Modem +1
Adp Tx Spike Noise 8|Spike Frequency & Level at sending stafion

Adp Rx Activity 41Required Activity Level for receiving station

Adp Rx Channel 8]Required Rx & Tx Channef for receiving station
Header CRC 16]16 bit CRC for header data

Neigh Routing Flags 8]Bit 0 - In Traffic, Bit T - Gateway, Bit 2 - Cert Aufh
Neighbour Data Size 16|Size of routing data in bytes = 3 + 4 (Update) + IDs ¥ 6
Neigh Soft Update 32,Software Update Version (16) and Block Number {(16)
Neighbour Data X Neigh * (32 (ID) + 8 (TxPowerReq) + 4 (ModemReq) + 4 (Flags) )
Packet Data X

CRC 32132 bit CRC for whole packel, including header
Preamble:

This is a modem training sequence consisting of alternating 1’s and

0’s.

Syncl - Sync3:

These are the three Sync characters that are used to detect the start of a
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valid packet.
Packet Size:

This is the total size of the packet from Sync3 up to and including the
last CRC byte. The maximum packet size that is allowed on a probing
channel is determined by the probing rate, ie. a station may not send a
packet that is longer (measured in time) than the spacing between
probes on the probing channel. The maximum packet size that is
allowed on a data channel is determined by the amount of time a

station is allowed to remain on a data channel.
Size Check:

This is used to check the Packet Size variable to avoid any invalid

long packet receptions.
Protocol Version:

This is used to check which protocol version is being used. If the

software can not support the version the packet will be ignored.
Packet Type:

This defines the type of packet being sent. Another packet will directly

follow the current packet, if the most significant bit is set.
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Receiving ID:
This is the ID of the station to which the packet is addressed.
Sending ID:

This is the ID of the station currently sending the packet.
Packet Number:

Each packet that is transmitted is given a new sequential number. The
number is not used in any way by the protocol. It is merely there to
provide information to a systems engineer. Each time the station is
reset, the packet number starts at a random number. This prevents

confusion with older packets.
Adp Tx Power:

The sending station’s current power is given as the absolute power in
dBm, in the range -80dBm to +70dBm. (Field allows values from -128
dBm to +127 dBm)

Tx Path Loss:

This is the path quality as measured at the sending station. Path Loss =
(Remote Tx Power - Local RSSI) of receiving station’s previous
transmission. A value of 0 is used to indicate that the sending station’s

RSSI was pegged. The Path Quality is used as a correction factor at
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the receiving station, for the next time the receiving station transmits

to the sending station.
Adp Tx Activity:

This is the activity level of the sending station, measured as: Activity

= Watts * Time / (Bandwidth * Success) averaged over time.
Adp Tx Antenna:

This indicates the current antenna configuration being used by the
sending station. Each of the 255 possible configurations describes a

complete antenna system, i.e. Tx and Rx antenna.
Adp Tx Bkg RSSI:

This is the current background RSSI at the sending station for the
modem that it is currently transmitting on. It allows for values from -
255 to -1 dBm. The value sent is the absolute value of the RSSI, and
the receiving station must multiply the value with -1 to get the correct
value in dBm. A value of 0 is used to indicate that the channel is not
available or is greater than or equal to 0 dBm. A value of 0 dBm

cannot be used for adaptation purposes.
Adp Tx Bkg RSSI -1:

Same as above except for the previous modem.
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Adp Tx Bkg RSSI +1:

Same as above except for the next modem.

Tx Spike Noise:

The lower 3 bits for spike frequency in Hz, 0 = none,
1,5,10,50,100,500, & > 500, and the next S bits for spike amplitude in
dB.

Adp Rx Activity:

If a station has a high activity level and is interfering with other
stations, they will use this field to force the active station to drop its
activity level. If a number of stations request a drop in activity then the
interfering station will respond and drop its activity. If no stations
request that such a drop, the active station will slowly start to increase
its activity level. Thus if a station is in a very remote area it will keep
increasing it activity level trying to generate connectivity. If it is in a

very busy area, other stations will keep its activity at a lower level.

In preferred embodiments of the invention, a station will always try to
maintain five neighbours, so that other stations should not need to
request that the station reduce its activity. However the feature has
been provided for cases where stations cannot reduce their power, or

increase their data rate any further, yet they still interfere with too
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many other stations.

Adp Rx Channel:

Allows 255 predefined channels. These channels are set for the entire
network. Each channel will have a probing rate associated with it (it
may be turned off, which makes it a data channel). Each channel will
also have a minimum data rate associated with it. The channels will
have the Tx and Tx Frequencies defined. The channels may also be

defined as other media, e.g. Satellite, Diginet, ISDN, etc.

A sending station will request that another station move to a data

~ channel (ie. where probing has been disabled) when it has more data to

send to the receiving station than can fit in the packet size allowed for

the probing channel.

Header CRC:

This is a 16-bit CRC check for the header data. It is the sum of all the
bytes in the header. It is only checked if the packet CRC fails. This is
provided as a means of determining which station sent the packet. If
the packet CRC fails and the header CRC passes, the data provided in
the header should be used with cauﬁon, since the Header CRC is not a

very strong means of error detection.

The Neighbour routing fields given below are not included in the

Header CRC since they may not be used unless the packet CRC is

PCT/GB98/02329
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passed. This makes the routing less prone to errors.
Neigh Routing Flags:

These flags are used to enhance routing. They provide additional
information about the current station. Currently defined bits are:

Bit 0 — Set if current station is busy in traffic.

Bit 1 - Set if current station is an Internet Gateway.

Bit 2 — Set if current station is Certification Authority.

Bit 3 — Reserved.

Another byte of 8 bits could be added should more flags be required.
Neighbour Data Size:

Size of routing data in bytes. This includes the Neigh Routing Flags
and Neighbour Data Size (ie. 3 bytes). Another 4 bytes are added if the
Neigh Soft Update field is included. An additional 6 bytes are added
for each neighbour included in the Neighbour Data section. Neigh Soft
Update must be included if any Neighbour Data is included. |

Neigh Soft Update:
This is the current version of update software available at the current

station (Upper 16 bits of ﬁeld) and the current block number available
(Lower 16 bits of field).
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Neighbour Data:

This is the list of neighbours that the current station has routing data
for. Every time the current station receives updated routing data for a
station that is better than the data it had, it will update its own data and
include the station in this list in its next probe. The data section has

four sub fields for each station in the list:
Station ID: 32 bit field with the ID of the neighbour station.

Tx Power Req: 8 bit field indicating the combined or direct Tx power

required to reach the Station ID from the current station.

Modem Req: Modem required by current station to reach destination

station.

Flags: Flags giving additional routing information for destination
station. Bit 0 — In Traffic, Bit 1 — Gateway, Bit 3 — Cert Auth, Bit 4 -
Direct Neighbour. The last bit indicates that the station in the list is a

direct neighbour of the current station.

Packet Data:

This is the data of the packet. It is made up of 1 or more segments.
The segments may be of any type, and may have originated or be

destined for any ID.
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CRC:

This is a 32 bit CRC check for the entire packet. If this CRC fails the
packet data is discarded, however the header data may still be
salvaged if the header CRC passes.

Enhanced method

The flow diagram of Figures 2A to 2D shows the process of measurement
and power control and calibration carried out in the network of Figure 1.
The originating station A measures the signal strength it receives from
station B. In addition, station A identifies station B from its transmission
headers and identifies which station it is addressing and what information is
being sent. Station A then reads the transmit power and noise/interference
level embedded in station B’s header, thereby deriving from it the power
level that Station B is using to reach the station it is addressing as well as its
local noise/interference floor. Station A can then compute the path quality
from station B to station A by using its measured signal strength and the

declared power level of station B.

If station B is responding to another station such as station C, station A can
read from station B’s header its declared path quality to station C, thereby
deriving information as to fluctuating path qualities between stations B and
C , by simply monitoring the transmission of station B. In addition, since
station B declares its transmitted power in responding to station C in
conjunction with the path loss declared by station B to station C, it is
possible for station A to compute the noise/interference floor at station C

even though it cannot hear the transmissions of station C.
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By monitoring the transmissions of station B at station A when station B
transmits to station C, the path quality, required power level and
noise/interference floor of both stations B and C may be derived, even

though station C is “out of range” of station A.

If station B is probing and is not responding to any other station, no other
information as to path quality or required path quality can be derived from
its transmissions apart from calculating the effective path quality from A to
B. If station A monitors station B responding to station A and reads the
calculated path quality to station A embedded in station B’s header, station
A can then compare this calculated path quality to that read from station B
and calculates a differential. Station A uses the differential to update its
average path quality differential. This is done by comparing the path quality
it computes to that which station B computes, and that differential is as a
result of differences in the methods of measurement and other inaccuracies

of the two stations.

However, since there is a fluctuation in path quality between transmissions
it is possible that the path quality changes from the time that station B
calculated the path quality from station A to station B, to the time that
station A calculated the path quality from station B to station A. Therefore,
" arate of change can be calculated over and above the differential long-term
averaging which is a result of measurement inaccuracy. This rate of change
will be due to the rate of change of the actual path quality due to

propagation changes between transmissions.
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Station A may also use a noise/interfefence level declared by station B to
update its database to indicate the slow rate of change of noise/interference,
based upon past records at station B and also fast fluctuations that may be in
the noise/interference floor of B. Station A may then use the predicted
fluctuations in the path quality from statfon A to station B and the predicted
fluctuations in the rate of change of noise/interference in order to predict an
opportunity to transmit to station B. This is done so as to choose periods of
minimum path quality or minimum noise floor between stations A and B.

Since station A is gathering data from other stations, for exainple stations B,
C,D, E and F, it can decide whether station B provides the best opportunity,
or whether it should choose one of the other stations. In addition, it can
choose its data rate, packet duration and transmitter power based upon the
rate of change and duration of the fluctuations of path quality and

noise/interference that exist between stations A and B.

If station A chooses station B to transmit data to, it receives an
acknowledgement back from station B, and the information is then
forwarded on from station B opportunistically to the other stations. It is
important to noté that by monitoring the transmissions from station B,
station A also has an idea of the path quality from station B to stations G, H,
I, J, K, etc., and other stations to which station B can transmit. By
monitoring those transmissions, it picks up the fluctuations in path quality
between station B and the other stations and an indication of the
noise/interference floor fluctuations of the other stations even if those other
stations are not directly monitored by station A. Using this technique an
opportunistic relay station can be chosen, taking not just the first hop but

two hops into account and, providing overall routing information is
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available, data can be routed effectively towards the destination station O.

Hardware

Figures 3, 4, 5 and 6 show the basic hardware used to implement the
invention. These Figures correspond to Figures 8, 9, 10 and 11 of the
abovementioned international patent application no. WO 96/19887.

Based upon its "decision” to transmit, the main processor 149 will decide on a
power level data rate and packet duration to use and will send this packet to
the serial controller 131 and simultaneously through the peripheral interface
147 switch the transmit/receive switch 103 into transmit mode and switch the
transmitter on after a suitable delay. The Zilog chip 131 will send the packet
data together with a suitable header and CRC check via the PN sequence

encoders in block 128 or 130, depending on the data rate chosen.

The main processor 149 will embed in the data packet, as one of the fields of
information, data corresponding to the transmit power it is using, which will
be the same transmit power as sent to the power control PIC block 132, which
in turn is used to drive the power control circuit 141, which in turn controls
the gain control and low pass filter block 143. This block in turn uses
feedback from the power amplifier 145 to control the drivers 144 and 142,

The sensing and gain feedback method allows a reasonably accurate power
level to be derived based upon the instruction from the power control circuit
141.
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Prior to switching the power amplifier on, the transmission frequency is
selected by the synthesizer 138, after which the power amplifier 145 is

instructed via the driver block 141 and the amplifier is switched on.

If power levels below the minimum power level provided by the power
amplifier 145 are required, the switched attenuator block 102 may be switched
in, in order to provide-up to an additional 40 dB of attenuation. Therefore the
processor can instruct the power amplifier to switch in an attenuator
combination to provide an output power level ranging from minus 40 dBm to
plus 50 dBm. When the amplifier is switched on, the processor obtains
information from the low power sensing circuit 101 as to the forward and
reverse power, which is sent via the analogue to digital converter 146 and is
used by the main processor 149 in order to monitor the level of power being
transmitted. This information is then stored in the dynamic RAM 150 to
provide information as to forward and reflected power levels actually

generated by comparison to the level requested.

The amount of output transmit power will be affected by the efficiency of the
transmit power control loop (blocks 145, 144, 142 and 143) and the switched
attenuator block 102. In addition, any mismatch in the antenna 100 will also
result in variations in reflected and forward power. The relative power
. actually output for various levels required can be stored by the processor in the
RAM providing a table giving requested against actual power output levels.
This can be used to allow the processor to use a more accurate power level
field in the information it provides on future transmissions, within messages
or probe signals. Since the power level is varied from between minus 40 dBm

to plus 50 dBm there are effectively ten different power levels spaced 10 dB
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apart that may be transmitted. Therefore, the table stored by the processor will
have these ten power levels, with the requested power level and actual power

level being in this range.

Any other station in the network will then receive this transmission via its
antenna 100. The received signal will then pass through the low power sensing
circuit 101 and the switched attenuator 102, which initially is set for 0 dB
attenuatioﬁ. It will then pass through the 2 MHz bandpass filter 104, which
will remove out of band interference, and then passes into the preamplifier
105, which amplifies the signal before it is mixed down via the mixer 106 to a
10.7 MHz IF signal. This signal is filtered by the bandpass filler 107, and
amplified in the IF amplifier 108 and further filtered and amplified in blocks
109,110,111 and 112.

The final filtering occurs at blocks 114 and 115, at which stage the signal is
measured at block 116 using the narrowband RSSI function, the output of
which is used via the main processor to determine the signal strength of the
incoming transmission. This then allows the processor, if necessary, to request
the power control PIC circuit 132 to switch in additional receiver attenuation
up to 40 dB. The switching in of additional attenuation in will only be
necessary if the signal exceeds the measurement range of the NE615 of block
.116. Otherwise, the attenuator is left at O dB attenuation, allowing the full
sensitivity of the receiver to be available for receiving small signals. The
incoming transmission is measured in two bandwidths simultaneously,
namely 8 kHz and 80 kHz. The 80 kHz bandwidth is measured by tapping off
the 10.7 MHz IF signal after the 150 kHz ceramic filter 109 and using a 150
kHz ceramic filter 121 and an NE604 IC 120. This, too, has an RSSI output
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which is received via the interface by the main processor 149.

The broadband and narrowband RSST are measured via the analogue to digital
converter 146, which then passes the data on to the main processor 149. The
main processor has a lookup table, and takes the information from the A to D
converter and derives from previously calibrated data a receive signal strength.
This data is calibrated in dBm, typically from minus 140 dBm to 0 dBm. This
information is typically generated using the output of a calibrated signal
generator, injecting this into the input of the receiver, and then dialling up
various signal strength levels and instructing the processor via the keyboard
209 as to what power levels are being injected. This information is then stored

permanently in static RAM or flash RAM 150.

Therefore, the receiving station can accurately record the power level of any
incoming transmission. It then reads the address of the incoming transmission
and its embedded transmit power level. By comparing these, for example, a
plus 40 dBm transmit power level may be measured in the receiver as minus
90 dBm and this is then used to compute a path loss of 130 dB. Path losses
may vary from 0 dB up to a maximum of 190 dB (+50 - (-140) = 190). The
minimum path loss that can be measured is dependent on the transmission
power of the transmitting station and the maximum signal that can be
. measured by the receiving station. Since with this design the maximum
receiving signal is 0 dBm at the antenna port 100, a 0 dB path loss can be -
measured, providing the transmit power is less than 0 dBm. Otherwise, for
example, at a transmit power of 50 dBm the minimum path loss that can be
measured is 50 dB. This could be improved by adding additional steps in the

switched attenuator or through using a different arrangement in the receiver. If
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the switched attenuator is fully switched in and the output of the A to D
converter indicates that the RSSI is at its highest level, the receiving processor
will tag the data associated with the transmission as being "pegged". This

means that the path loss is less than is measurable.

The processor on receive will continually measure the background signal and
interference, and providing that no transmissions are detected on either
modem at either data rate, will monitor and measure the noise and interference
in dBm and generate an average which will be stored in the static RAM.
When a transmission is detected, the most recent noise measurement is
compared to the signal strength to derive a signal to noise ratio. On each
transmission, the background noise picked up prior to transmission is
advertised inside the transmission message or probe as another field together
with the transmitted power. Other stations in the network can pick up and
derive from transmission not only the path quality but also the distant station's
noise floor just prior to its transmission. The receiving station, since it knows
the path quality and has the noise floor of the distant station, will then know at
what power to transmit to achieve any desired signal to noise ratio at the

distant station.

The requifed signal to noise ratio is typically based upon the performance of
.the modem and a figure based upon packet duration and probability of
success. This required signal to noise ratio is stored in the database by the
processor and is continually updated, based upon the success of transmissions
to various destinations. If a station, for example, picks up a transmission and
calculates the path loss to be 100 dB and the distant station to have a declared

noise floor of minus 120 dBm, to meet the required signal to noise ratio of for
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example, 20 dB for 8 kilobits per second, it will then transmit at a power level
of minus 20 dBm. This required signal to noise ratio will be different for 80
kilobits per second in that the noise floor would be higher in the wider
bandwidth of 150 kHz by comparison to 15kHz énd in that the performance of
the 80 kilobits per second modem may be different from that of the 8 kilobits

per second modem.

Therefore, the receiving station would know thaf if, for example, the declared
noise floor in the wideband is minus 110 dBm and the path loss is still 100
dB, but the required signal to noise ratio is, for example, 15 dB, it would
reqﬁire a transmission power of plus 5 dBm. The . station réceiving the
transmission will know what power level to use to respond to the originating

station.

Monitoring other communicating stations, the receiving station will see the
path quality variation and the noise floor declaredv by various other stations it
1s monitoring varying as well, and through choosing a moment of minimum
path quality and minimum noise floor will transmit at the appropriate power
level to achieve the required signal to noise ratio to the station or stations that
it is monitoring. In responding to a transmission, the responding station will
| switch on its transmitter, control the power ampliﬁer via the power control
. PIC 132 to meet the required power level and then the main processor 149
will embed the fields of its own transmit power, its own receive noise prior to
transmission and the path quality that it has just received from the station to

which it is responding.
Depending on the signal to noise ratio and the power level required, the main
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processor will elect to switch in either the 80 kilobit per second or 8 kilobit
per second modem and make the transmission. On making this transmission, it
will embed its own transmit power level, its own background noise floor
measured in both the 150 kHz and 15 kHz bandwidth and the path quality it
has just calculated for the transmission to which it is responding. The
originating station, on receiving the transmission, will again measure the RSSI
in the two bandwidths and via the A to D converter 146, and using the lookup
table in the static RAM 150, calculate the received signal strength. By
examining the received packet passed from the Zilog synchronous serial chip
131, it will calculate the received path loss using the transmitter power
declared and the measured RSSI and compare the path loss value sent to it by

the other station.

In comparing these two path losses, since ‘only a short period of time has
elapsed between transmission and reception, these two path losses should be
quite similar unless the path loss is fluctuating, caused perhaps by a moving
vehicle environment. In successive transmissions, the difference between the -
two path loss values is averaged and stored since this' number represents the
difference due to measurement error in signal strength or error in the declared
power level being transmitted. The averaging process is used to average out,
say, the effects of moving vehicles and path loss fluctuation. The main
. processor will use this averaged number and retain one for every station in the
network. It will have a path loss correction factor or delta ranging from a few
dB to tens of dB for each station in the network which it will store in RAM.
On detecting any station transmitting and measuring the path loss, the
correction factor is then used to correct the transmit power level before

responding to the station, ie. predictively . A typical process is as follows:
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Station A measures the incoming path loss from Station B, of say 100
dB. Station Amlooks at Station B's address which is then compared to a
lookup table to determine a correction factor or delta, for example 10
dB plus. This means that the path loss as measured by Station A is on
average 10 dB higher than that measured by Station B. Based upon the
path loss just measured by Station A and Station B's, noise, the power
level required is calculated by Station A to meet the required signal to
noise ratio at Station B. The difference allowed between the declared
path loss by Station B and the measured path loss by Station A is
stored by Station A. If a strong variation is detected, this is in all
probability due to fluctuating path loss between transmissions, and
therefore the receive signal strength is used to determine the path loss
by Station A. The difference between the path loss values is used to
update the average differential number, which over a number of
transmissions will average any fluctuations in path loss between

transmission and response.

Having the differential number is also useful, in that on hearing a station
probing or communicating to any other station, a path loss can be calculated
using the correction factor and an estimation can be made of the required
transmit power to use to reach the distant staﬁon with sufficient signal to noise
ratio. The path loss delta or correction factor is only updated when stations are
interacting with each other and this field will only be present in a transmission
when a station is responding to another, and will not be present when another

station is simply probing, when this field is left empty.

Although embodiments of the invention have been described above with
specific reference to the measurement of path loss in the sense of path
attenuation or transmission loss, it will be understood that additional path
quality parameters such as those referred to above can be measured to provide
a more accurate path quality value for use in adjusting the transmission power

used when transmitting data between stations.
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CLAIMS:
1. A method of operating a communication network comprising a

(OS]

plurality of stations able to transmit data to and receive data from one

another, the method comprising:

monitoring, at each station, the path quality between that
station and each other station with which that station

communicates;

recording, at each station, path quality data corresponding to

the path quality associated with each said other station; and

setting, at each station, a transmission power value based on
the recorded path quality data associated with a selected other
station when transmitting data to said selected other station,
thereby to increase the probability of transmitting data to said

selected other station at an optimum power level.

A method according to claim 1 wherein the monitoring of path quality
between stations includes monitoring at least one of the path loss,
phase distortion, time delay, Doppler shift and multipath fading

characteristics of a channel between the stations.

A method according to claim 1 or claim 2 including transmitting path
quality data corresponding to the path quality between a first and a
second station when transmitting other data between the stations, so
that path quality data recorded at the first station is communicated to

the second station for use by the second station and vice versa.
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A method according to any one of claims 1 to 3 wherein the path
quality at a station receiving a data transmission is calculated by
comparing the measured power of the received transmission with data

in the transmission indicating the transmission power thereof,

A method according to claim 4 wherein a station receiving such path
quality data compares the received path quality data with respective
stored path quality data and calculates a path quality correction value
from a difference between the received and stored values, the path
quality correction value being utilised to adjust the transmission power
when transmitting data to the station which transmitted the path

quality data.

A method according to claim 5 wherein the path quality correction
factor is calculated by deriving rate of change data from a plurality of

path quality correction factor calculations.

A method according to claim 6 wherein the rate of change data is
utilised to adjust the transmission power predictively when
transmitting data to a station whose path quality correction value is

detected to be changing over time.

A method according to any one of claims 4 to 7 including monitoring,
from a station transmitting data, the background noise/interference at a
station receiving a data transmission and adjusting the transmission
power value at the station transmitting data to the receiving station,
thereby to maintain the required signal to noise ratio at the receiving

station.
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A method according to claim 8 including adjusting the data rate of
message data transmitted from a first station to a second station
according to the transmission power value set at the first station and

the required signal to noise ratio at the second station.

A method according to claim 8 or claim 9 including adjusting the
length of message data packets transmitted from a first station to a
second station according to the transmission power value set at the

first station and the required signal to noise ratio at the second station.

A method according to any one of claims 1 to 10 wherein each station
monitors the transmissions of other stations to obtain path quality and
background noise/interference data therefrom, so that a first station
monitoring a transmission from a second station within range of the
first station to a third station out of range of the first station can obtain
path quality and background noise/interference data relating to the
third station.

A method according to any one of claims 1 to 11 including selecting,
opportunistically, a station for transmission of data thereto according
to the path quality and/or background noise/interference data

associated therewith,

Communication apparatus operable as a station in a network
comprising a plurality of stations which can transmit data to and
receive data from one another, the communication apparatus

comprising:

transmitter means arranged to transmit data to selected

stations;
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receiver means arranged to receive data transmitted from other

stations;

signal strength measuring means for measuring the power of

received transmissions;

processor means for recording path quality data corresponding

to the path quality associated with other stations; and

control means for adjusting the output power of the transmitter
according to the path quality between the apparatus and a

destination station.

Communication apparatus according to claim 13 wherein the
processor means is arranged io calculate the path quality by comparing
data in received transmissions relating to their transmission power
and/or a previously measured path quality with the measurements

made by the signal strength measuring means.

Communication apparatus according to claim 14 wherein the
processor means is arranged to monitor at least one of the path loss,
phase distortion, time delay, Doppler shift and multipath fading

characteristics of a channel between the apparatus and other stations.

Communication apparatus according to claim 14 or claim 15 wherein
the processor means is arranged to extract path quality data from

received transmissions, to compare the path quality data with the

measured power of received transmissions, and to calculate a path

quality correction factor from the difference therebetween, the path
quality correction factor being utilised by the control means to adjust

the output power of the transmitter.
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Communication apparatus according to claim 16 wherein the
processor means is adapted to derive rate of change data from a
plurality of path quality correction factor calculations, thereby to

compensate for variations in the path quality between stations.

Communication apparatus according to claim 17 wherein the
processor means is arranged to utilise the rate of change data to adjust

the transmission power predictively when transmitting data to a station

whose path quality correction value is detected to be changing over-

time.

Communication apparatus according to claim 17 or claim 18 wherein
the processor means is arranged to store path quality data for each of a
plurality of stations and to set an initial transmission power value
when initiating communication with any of said plurality of stations

according to the respective stored path quality data.

Communication apparatus according to any one of claims 13 to 19
wherein the processor means is adapted to monitor transmissions of
other stations to obtain path quality and background noise/interference
data therefrom, so that the apparatus can select, opportunistically,

another station for transmission of data thereto according to the path

quality and/or background noise/interference data associated

therewith.
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1

Station A - Detect
transmission of station
B.

l

2
Station A - Measure
station received signal
from Station B.

Y

3
Station A identify
station B and which
station it is addressing
and examine contents
of data - data
segments for relay etc.

Y

4

Station A read transmit
power and noise level
of station B from its
header

l

5
Station A measure
signal strength from B
and calculate pathloss
toB

PCT/GBYS/O232Y
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©

if station B is
responding to another
station (Station C)
station A reads station
B's path loss (from Bs
header) to station C
and uses his historical
"slow" average path
loss diffferential to B to
calculate pathloss
from B 1o C calibrated
with respect to A.

-1

if station B is probing
and not responding to
- any other station -

6

If station B is
responding to A -
station A reads station
Bs calculated path
.loss to station A in
station Bs header -
pathloss from B to A,

10
Station A uses the
transmit power used
by B in response to C
in conjunction with the
‘pathloss declared by B
to C to give an
indication of the noise
at C- if A cannot hear
C.

7
Station A compares his
calculated path loss 10
to that read from B
and calculates a
differential and uses
the differential to
update his * average
path loss diffferential
to B*

8

Station A uses his
measured path loss to
B and his "average
path loss diffferential
t0B"to calculate the
rate.of change of
pathloss from B to A
from the time A
origt nally transmitted
till B responded - used
to derive *medium"
rate of change of path
loss.
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12

Station A uses his
measured path loss to

B and the rate of
change of this path
loss during B's
fransmission to
calculate pathloss
from B to A and "fast*
path loss variation
from B to A - taking
into account the
correction factor -*
average path loss
diffferential {o B*

y

13
Station A uses his
calculated pathloss
from Bto A and
updates his database
and calculates a
*slow" rate of change
of pathioss based on
past records - used to
determine
intermediate pathloss
variation.

Y

14

Station A uses the
noise level declared by
B to update his
database and
calculates a "slow"
rate of change of noise
based on past records
- used to determine
intermediate noise
variation.

¢
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15

Station A uses
calculated pathloss
from Bto Ain
conjunction with
station B local noise
{from Bs header) to
calculate transmit
power required to
reach B - taking into
account the rate of -
change of pathloss
and noise from

A choses datarate and
packet duration based
on the ammount of
transmit power
available at A and the
required signal to
noise ratio for different
data rates and packet
durations at B - taking
into account the rate of
change of pathloss
from A to B and noise

database both "fast" atB.
and *medium”.
19
16
A examines its transmit
if the.mt?asured data data que destined for
indicates a B as a final destination
"minimum" in path or relay and *fills® the
loss and/or a _ packet with data
"minimum”" in noise segments - were
floor at B an packet size is
“opportunity” is determined by data
identffied between A rate and duration
and B. decided on for the
l opportunity.
17

If A has data for B as
a final destination or a
. relay - and the 20
*opportunity* identified
by Ato B is better than
any other "opportunity”
to any other station at
that moment - A
decides to transmit to
B.

A receives
acknowledgement
from B or monitors to
hear B transmit data
further,
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. 101 102 g
“Ant. Low power Switched
sensing J<_— attenuator
J A
161
103 Forward and
. g—{ reflected
L Tx/Rx Switch power
measurement
ﬁ _

l‘ 145 144

Power |4—  Driver2 |44
amplifier amplifier

T

143
Sense # Cain and low &

pass filter
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142 140
Driver 1 |4— Buffer
amplifier Amplifier

-j 141

Power control

A
»

138

Synthesiser

136
Analogue
switch

135
Analogue
switch

Frequency
shift on Rx

134

Filters and
drivers

—Power Control and Receive Attenuator Control

Power control

———High Freq.

=53 3B

—Tx Data 8 kbps

Tx Data 80 kbps

Interface to
processor

A

133

Filters and [€¢—

drivers
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104
Band pass
filter
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121
150 kHz
Ceramic Filter

1

Quandrature
erhase Shifter

PCT/GBYB/U232Y

122

124
Spike counter
and level

120 |
FM IC 604

—

—————p Differential |-

123

trigger

—

filter

107

160
Receive
Synthesiser

?

Band pass —'

Broad band

RSSI

!

114
15 kHz Crystal
filter

>
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=5 4B

Spike Count and level

125 126 Slankine ou
i ing pulse
—p 555 NO.ISE —» Amp anking p
blanker timer
109 L 110 112 113
—» 150 kHz 150 kHz 150 kHz Noise
Ceramic filter| |Ceramic filten Ceramic filter|  blankef
h 4
Rx Data (80 kbps) P
g
Receive frequency Interface to
processor
117

Two 15 kHz
Ceramic filters

— e ) Qu;d]riture
NEBTSFMIC L Phase Shifter
L Rx.Data (8 kbps)

Narrow band RSS!
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=33 HA
207
B!
~Rx -Data (80 kbps) - Interface to [€—
Rx Data (8 kbps)—{ CEver |
Signal Quality
A 4
130
129 — Rx Data - -
Tx Data 80 kbps GMSK - Tx Data—| :r:\i;jﬁ]”eggz «
FX 589 Modem — Clock—» 8 |
= decoding

127
D 0 opr G [eaca 1 S
FX 589 Modem FClock decoding
4 . - Lock—
Signal Quality —

oc

A 4
Rx Data
128 —

206
v !/
Transmitter (g—— 132
interface  |¢— Power control and receive Power control {——
AAA attenuator control PIC

Transmit/Receive Switch Control

Transmit Data rate switch
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=== 58
150
) Static and
Receive frequency :
dynamic RAM
Broad band RSSI Y
Narrow band RSS!
— Spik d '
pike count and level v
—Broad band RSS! 146 ‘
' Analogue to ¢
digital convertor
0 149
- Rx Data—)p =3 > -
Tx Data— 32 5 o YT 'y » Main
— Clock—» 0T 5 E v Processor
g A = 205 386 EX
- RGFS |
o Q ‘
L Tx Data—] o § @ 147
- Rx Data—p L& | &
— Clock — v Peripheral |
interface 128
Real time
' clock
—— Power control —
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150
Static and
dynamic RAM

L

149

Main

Processor
386 EX

f

148
Real time
clock

_E556 l‘) Speaker
159 e
r—) Speaker 210
amplifier
153 156 —
Vocoding 7oy yodule 2 < l 158 <
module —> Microphone
amplifier
—
152
: ¢— 155
Vocoding
b modulénlla - »{PCM module 1 Microphone
151 154 Display
Universal s and 208
asynchronous |~ RS 232 driver 14 Keyboard
(
209
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Set Probe power to
minimum
TxPwrProbe = 40dBm

Y.

Set transmit power:
LocTxPower = RemSNNeeded
+ CorPathLoss + RemBkgRSSI

Increment transmit to

receive ratio:
TxRxRatio += 1

Yes

TxRxRatio >= 10?

Yes

y

Set transmit Measure RSS! value
power: Y of received
LocTxPower = r::iwe?’? Yes- transmission and
TxPwrProbe store in RevdRSSH

Extract header data:
RemTxPower

Yes>  RemBkgRSS!

RemPathlLoss

No X

Reset Transmit to
receive ratio:
TxRxRatio = 0

PathCor <= 107

Yes

¢

| a - Calcuiate local pathloss:

4
a - Insert header data:
LocTxPower TmpPathtoss = RemTxPower -
LocBkgRSS!
LocPathLoss

RcvdRSSI
b - Transmit packet
A

TmpCor = PathCor

correction:
PathCor += 5

Increase pathloss

b - Set temp pathloss correction:
- ©
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Packet for

Reset transmit to receive ratio:
TxRxRatio =0

First packet

received from remote station pegged:

RemPathLoss =

station?
No Yes
L No
Calculate comection factor a - Reset pathloss correction:
e . PathCor =0 Yes
L,!_TmpCor = (((RemPathLoss - b - Caculate correction factor:
TmpPathLoss) + PathCor)/2) - TmpCor =
PathCor) RemPathLoss - TmpPathLoss
|

Y
a - Limit max adjustment to 5 dB:
If (TmpCor > 5) TmpCor =5
If (TmpCor < -5) TmpCor =-5

b - Adjust pathloss correction:
TmpCor = PathCor + TmpCor

¢ - Limit max correction to 30 dB: No
if (TmpCor > 30) TmpCor = 30

If (TmpCor < -30) TmpCor =-30
PathCor = TmpCor Reset local pathloss:
LocPathLoss = TmpPathLoss | - LocPathLoss = 0
L

A
a - Calculate corrected pathloss:
CorPathLoss = TmpPathLoss +

PathCor
Repl b - Calculate Tx power required:
@: Yes ip );? < TxPowerReq = RemSNReq +
(equire CorPathLoss + RemBkgRSSI
¢ - Set probe power:
No TxPwrProbe = TxPowerReq for 5

| closest neighbours

®
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Set modem data rates:
Rate1 = 8 kbps
Rate2 = 80 kbps
Rate3 = 800 kbps
Rate4 = 8 Mbps

Set Required S/N ratio:
ReqSN1=15dB
ReqSN2 =15dB
ReqSN3=15dB
ReqSN4 =15 dB

Time

A

to transmit
robe?

@c—Yes

No

Busy
recieving
packet?

Packet

J\,’D

Yes—»

Measure RSS! value of
receiving modem, next modem,
and previous modem:
RcvdRSSIX (RxModem)
RcvdRSSIP (Previous)
RcvdRSSIN (Next)

Extract header data:
RemBKkgRSSIX

recieved?

Yes

RemBkgRSSIP
RemBkgRSSIN

4

. Set transmit modem to
modem packet received:
TmpTxModem =
RxModem

Calculate corrected pathloss as
per Flow Diagram A:
CorPathLoss
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a - Calculate max allowed Tx Power:
MaxTxPower = TxPwrProbe + MaxExceed (typically 10 dB)

b - Calculate remote Rx S/N:
RemRxSNX = MaxTxPower - CorPathtoss - RemBkgRSSIX
RemRxSNP = MaxTxPower - CorPathLoss - RemBkgRSSIP
RemRxSNN = MaxTxPower - CorPathLoss - RemBkgRSSIN

¢ - Set adaptive modem:
AdpTxModem = TmpTxModem

{(RemRxSNX < RegSNX) &
(RemRxSNP >= ReqSNP) &
(RateP allowed on chan) &
(RateP >= Rate1)?

Set adaptive modem lower:
AdptTxMocdem = TmpTxModem - 1

emRxSNN >= ReqSNN) &<
(RateN allowed on chan) &
(RateN <= Rate4)?

Yes
No 4

Set adaptive modem higher:
AdptTxModem = TmpTxModem + 1

A
a - Set to adaptive transmit modem:
LocTxModem = AdptTxModem

Ly

h 4

rU1/GBYSU2L32Y

Set transmit modem to
default for channel;
TmpTxModem =
ChanModem

a - Set transmit power:

LocTxPower = TxPwrProbe

b - Set transmit modem:

LocTxModem = TmpTxModem

Y

a - Insert header data:
LocBkgRSSIX
LocBkgRSSIP
LocBkgRSSIN

b - Transmit packet

—®

A

b - Set adaptive transmit power:
LocTxPower = ReqSN (for AdptTxModem) +
CorPathlLoss + RemBkgRSS! (for AdptTxModem)
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Set base packet size:
PktSizeBase = 127 bytes

Set min & max packet size:
PktSizeMin = 127 bytes
PktSizeMax = 1024 bytes

Set multiplier factors:
Z=4
Y=2

ime

to transmit Addressed

A 4

Yes

robe?
No
No X
| a - Set transmit power:
LocTxPower =
TxPwrProbe

Yes Packet

recieved? b - Set packet size:
LocPktSize =
PktSizeProbe
No [

A 4
' a - Insert header data:

LocPktSize y
. B LocTxPower <——®
| - b - Transmit packet

h 4

a - Select correct modem as per flow diagram B
LocTxModem = AdptTxModem

b - Calcuiate extra remote Rx S/N:
RemSNDiff = MaxTxPower - CorPathl.oss - RemBkgRSSI - ReqSN

Y .
a - Calculate modem rate multiplier:
PktSizeRateMuit = Z * log(RateTx/Rate1)

b - Calculate S/N mupltiplier:
PktSize SNMuit = Y A (RemSNDiff/10)

c - Set max possible size for packet:
PktSizeAdpt = PktSizeBase * PktSizeRateMult * PktSize SNMult

'

a - Determine max duration allowed:
MaxDuration = Probe Interval + Tx on delay + modem train delay +

tumaround delay + propagation delay < : )

b - Determine max packet size by duration:
PktSizeMaxDur = RateTx / 8 * MaxDuration
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PktSizeAdpt =
Yes " PktSizeMaxDur
PktSizeAdpt > Yes PktSizeAdpt =
PktSizeMax? PktSizeMax
No
|
3
ktSizeAdpt < Yes PktSizeAdpt =
PktSizeMin? PktSizeMin

Nog
{

b 4

a - Fill packet up to max PktSizeAdpt bytes.
Determine new packet size if packet not filled:
PkiSizeData

TmpSNNeeded = 10 * log(PktSizeData / (PktSizeBase *

b - Determine additiona!l S/N required based on filled packet:

PktSizeRateMult))/ log (Y)

Yes

Y

TmpSNNeeded <0

RemSNNeeded = ReqSN

TmpSNNeeded = 0

+ TmpSNNeeded

A 4
a - Set Transmit power:
LocTxPower = RemSNNeeded + CorPathLoss
+ RemBkgRSS!

b - Set packet size:
LocPktSize = PktSizeData
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COMBINED CLOSED LOOP/OPEN LOOP POWER CONTROL IN A
TIME DIVISION DUPLEX COMMUNICATION SYSTEM
BACKGROUND

This invention generally relates to spread spectrum time division duplex
(TDD) communication systems. More particularly, the present invention relates to
a systemand method for controlling trénsmission power within TDD communication
systems.

Figure 1 depicts a wireless spread spectrum time division duplex (TDD)
‘communication system. The system has a plurality of base stations 30,-30,. Each
base station 30, communicates with user equipments “(UEs) 32,-32, in its operating
area. Communications transmitted from a base station 301_ to a UE 32, are referred
toas downlink communications and communications transmitted from a UE 32, to
a base station 30, are referred to as uplink communications.

In addition to cdnmmunicating over different frequency spectrums, spread
| spectrum TDD systems carry multiplé communications over the same spectrum. The
multiple signals are distinguishéd by their respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systems as illustrated in
Figure 2 use repeating frames 34 divided into a number of time slots 36,-36,,, such
as fifteen time slots. In such systems, a corﬁmunication is sent in selected time slots
36,-36, using selected codes. Accordingly, one frame 34 is capable of carrying
multiple communications distinguished by both time slot 36,-36,, and code. The

-1-
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combination of a single cdde in a single time slot is referred to as a resource unit.
Based on the bandwidth required to support a communication, one or multiple
resource units are assigned to that communication.

Most TDD systems adaptively control transmission power levels. InaTDD
syétem, many communications may share the same time slot and spectrum. When
a UE 32, or base station 30, is receiving a specific communication, all the other
communications using the same timéslot and spectrum cause interference to the
specific communication. Increasing the transmission' power level of one
communication degrades the signal quality of all other commuﬁications within that
fime slot and spectrum. However, reducing the transmission power level too far
results in undesirable signal to noise ratios (SNRs) and bit error rates (BERs) at the
receivers. To maintain both the signal quality of communications and low
transmission power levels, transmission power control is used.

One approach to control transmission power levels is open loop power
control. In open loop power control, typically a base station 30, transmits to a UE
32, areference downlink communication and the transmission power level of that
communication. The UE 321 receives the reference communication and measures
its received power level. By subtracting the received power level from the
transmission power level, a pathloss for the reference communication is determined.
To determine a transmission power level for the uplink, the downlink pathloss is
added to a desired received power level at the base station 30,. The UE's
transmission power level is set to the determined uplink transmission power level.

2-
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Another approach to control transmission power level is closed loop power
control. In closed loop power control, typically the base station 30, determines the

signal to interference ratio (SIR) of a communication received fromthe UE 32,. The

determined SIR is compared to a target SIR (SIR ;xger)- Based on the comparison,

the base station 30, transmits a power command, bypc. After receiving the power
command, the UE 32, incre;ases or decreases its transmission power level basedl on
the received power command.

Both closed loop and open loop power control have disadvantages. Under
certain conditions, the performance of closed loop systems degrades. For instance,
if communications sent between a UE and a base station are inla highly dynamic
environment, such as due to the UE moving, such syétems may not be able to adapt
fast énough to compensate for the changes. The update rate of closed loop power
control in TDD is 100 cycles per second which is not sufficient for fast fading
channels. Open loop power control is sensitive to uncertainties in the uplink and
downlink gain chains and interference levels.

One approach to combining closed loop and open loop power control was

proposed by the Association of Radio Industries and Business (ARIB) and uses

Equations 1, 2, and 3.
Tyg=Pps(n) + L Equation 1
Pgs (n) = Pgg (n-1) + brpc Arpe Equation 2

1. if SIRes ( SIR rarcer
) -1:if SIRes > SIR varcer

T™wC

Equatibn 3
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Tyg is the determined transmission power level of the UE 32,. L is the estimated
downlink pathlosé. P,s(n) is the desired received power level of the base station 30,
as adjusted by Equation 2. For each received power command, bpc, the desired
received power level is increased or decreased by Arpe. Appcis typically one decibel
(dB). The power command, brpe, 18 one, when the SIR of the UE's uplink
communication as measured at the base. station 30, SIRgg, is less than a target SIR,

SIR1arger- Conversely, the power command is minus one, when SIR ¢ is larger than

: SIRTARGET'

Under certain conditions, the performance of these systems degrades. For
instance, if communications sent between a UE 32 and a base station 30 are in a
highly dynamic environment, such as due to the UE 32 moving, the path loss
estimate for open Ioop severely degrades the overall system's performance.
Accordingly, there is a need for alternate approaches to maintain signal quality and

low transmission power levels for all environments and scenarios.

SUMMARY
Combined closed loop/open loop power control controls transmission power
levels in a spread spectrum time division duplex c;ommunication station. A first
communication station receives communications from a second communication
station. The first station transmits power commands based on in part a reception
quality of the received communications. The first station transmits a second
communication having a transmission power level in a first time slot. The second

-4-
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station receives the second communication and the power commands. A power level
of the second communication as réceived is measured. A path loss estimate is
determined based on in part the measured received second communication power
level and the first communication transmission power level. The second station
transmits a second communication to the first station in a second time slot. The
second communication transmission power level is set based on in part the path loss

estimate weighted by a factor and the power commands. The factor is a function of

a time separation of the first and second time slots.

BRIEF DESCRIPTiON OF THE DRAWINGS
Figure 1 illustrates a prior art TDD system.
Figure 2 illustrates time slots in repeating frames of a TDD system.
Figure 3 is a flow chart of combine closed loop/open loop power control.
Figure 4 is a diagram of components of two communication stations using
combined closed loop/open loop poWer control.
Figures 5-10 depict graphs of the performance of a closed loop, ARIB's

proposal and two (2) schemes of combined closed loop/open loop power control.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiments will be described with reference to the drawing
figures where like numerals represent like elements throughout. Combined closed
loop/open loop power control will be explained using the flow chart of Figure 3 and

-5.
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the components of two simplified communication stations 50, 52 as shown in Figuré
4. For the. following discussion, the communication station having its transmitter's
power controlled is referred to as the transmitting station 52 and the communication
station receiving power controlled communications is referred to as the receiving
station 50. Since combined closed loop/open loop power control may be used for
uplink, downlink or both types of communications, the transmitter having its power
controlled may be located at a base station 30,, _UE 32, or both. Accordingly, if both
uplink and downlink power control are used, the receiving and transmitting station's
components are located at both the base station 30, and UE 32,. |

The receiving station 50 receives various radio frequency signals including
communications from the transmitting station 52 using an antenna 56, or alternately, |
an antenna array. The received signals are passed through an isolator 60 to a
demodulator 68 to produce a baseband signal. The baseband signal is processed,
such as by a channel estimation device 96 and avdata estimation device 98, in the
time slots and with the appropriate codes assigned té the transrnitting station's
communication. The channel eétimation device 96 commonly. uses the training
sequence component in the baseband signal to provide channel information, such as
channel impulse responses. The channel information is used by the data estimation
device 98, the interference measurement device 90, the signal power measurement
device 92 and the transmit power calculation device 94. The data estimation device
98 recovers data from the channel by estimating soft symbols using the channel
information. Using the soft symbols and channel information, the transmit power

-6-
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calculation device 94 controls the receiving station's transmission power level by

controlling the gain of an amplifier 76.

The signal power measurement device 92 uses either the soft symbols or the
channel information, or both, to determine the received signal power of the
communieation in decibels (dB). The interference measurement device 90
determines the interference level in dB, Irs, Within the channel, based on either the
channel information, or the soft syn'lbols‘ generated by the data estimation device
102, or both. |

The closed loop power command generator 88 uses the measured
communication's received power level and the interference level, iRs, to determine
the Signal to Interference Ratio (SIR) of the received communication. Based ona
comparison of the determined SIR with a target SIR (SIR 1z, @ closed loop power
command is generated, bypc, such as a power command bit, b, step 38.
Alternately, the power command may be based on any quality measurement of the
received signal. |

For use in estimating the path loss between the receiving and transmitting |
stations 50, 52 and sending data, the receiving station 50 sends a communication to
the ‘transmitting station 58, step 40. The cbmmunication may be sent on any one of
various channels. Typicelly, in a TDD system, the channels used for estimating path
loss are referred to as reference channels, although other channels may be used. If
the reeeiving station S0 is a base station 30,, the communication is preferably sent

over a downlink common channel or a common control physical channel (CCPCH).

-
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Data to be communicated to the transmitting station 52 over the reference channel
is referred to as reference channel data. The reference data may include, as shown,
the interference level, I, multiplexed with other reference data, such as the
transmission power level of the reference channel, Tys. The interference level, I,
and reference channel power level, Tgs, may be sent in other channels, such as a
signaling channel, step 40. The closed loop power control command, bypc, is
typically sent in a dedicat_ed channel, dedicated to the communication between the
receiving statibn 50 and transmitting station 52.

The reference channel data is generated by areference channel data generator
86. The reference data is assigned one or multiple resource units based on the
communication's bandwidth requirements. A spréading and training sequence
insertion device 82 spreads the reference channel data and makes the spread
reference data tirne—multiplexed with atraining sequence in the appropriate time slots
and codes of the assigned resource units. The resulting sequence is referred to as a
communication burst. The communication burst is subsequently amplified by an
amplifier 78. The amplified communication burst may be summed by a sumn device
72 with any other communication burst created through devices, such as a data
generator 84, spreading and training sequence insertion device 80 and amplifie; 76.

The summed communication bursts are modulated by a modulator 64. The
modulated signal is passed through an isolator 60 and radiated by an antenna 56 as
shown or, alternately, through an antenna array. The radiated signal is passed
through a wireless radio channel 54 to an antenna 58 of the transmitting station 52.

-8-
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The type of modulation used for the transmitted communication can be any of the
those known to those skilled in the art, such as direct phase shift keying (DPSK) or
quadrature phase shift keying (QPSK).

The antenna 58 or, alternately, antenna array of the transmitting station 52
receives various radio frequency signals. The received signals are passed through
an isolator 62 to a demodulator 66 to produce a baseband signal. The baseband
signal is processed, such asbya channel estimation device 100 and a data estimation
device 102, in the time slots and with the appropriate codes assigned to the
communication burst of the receiving station 50. The channel estimation device 100
commonly uses the training sequence component in the baseband signal to provide
channel information, such as channel impulse respohses. The channel information
is used by the data estimation device 102 and a power measurement device 110.

The power level of the processed communication corresponding to the
reference channel, Ry, is measured by the power measurement device 110 and sent
to a pathloss estimation device 112, step 42. Both the channel estimation device 100
and the data estimation device 102 are capable of separating the reference chanﬁel
from all other channels. If an automatic gain control device or amplifier is used for
processing the received signals, the measured i)ower level is adjusted to correct for
the gain of these devices at either the power measurement device 110 or the pathloss
estimation device 112. The power measurement device 110 is a component of the
combined closed loop/open loop controller 108. As illustrated in Figure 4, the
combined closed loop/open loop poWer controller 108 consists of the power

9.
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measurement device 1»10, pathloss estimation device 112, quality measurement
device 114, and transmit power calculation device 116.

To determine the path loss, L, the trahsmitting station 52 also requires the
communication's transmitted power level, Trs. The transmitted power level, T,
may be sent along with the communication's data or in a signaling channel. If the
power level, T, is sent along with the communication’s data, the data estimation
device 102 interprets the power level and sends the interpreted power level to the
pathloss estimation device 112. If the receiving station 50 is a base station 30,,
preferably the transmitted power level, Ty, is sent via the broadcast channel (BCH)
from the base station 30,. By subtracting the received communication's power level,
R.s in dB, from the sent communication's transmittéd power level, Ty in dB, the
pathloss estimation device 112 estimates the path loss, L, between the two stations
50, 52, step 42. In certain situations, instead of transmitting the transmitted power
level, Ty, the receiving station 50 may transmit a reference for the transmitted power
level. In that case, the pathloss estimation device 112 provides reference levelé for
the path loss, L.

~ If a time delay exists between the estimated path loss and the transmitted
communication, the path loss experienced by the transmitted communication may
differ from the calculated loss. In TDD systems where communications are sent in
differing time slots 36,-36,, the time slot delay between received and transmitted
communications may degrade the performance of an open loop power control
system. Combined closed loop/open loop power control utilizes both closed loop

-10-
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and open loop power control aspects. If the quality of the path loss measurement is
high, the system primarily acts as an open ioop system. If the quality of the path loss
‘measurement is low, the system primarily acts as a closed loop system. To combine
the two power control aspects, the system weights the open loop aspect based on the
quality of the path loss measurement.

A qua]ity meaéurement device 114 in a weighted open loop power controller
108 determines the quality of the estimated path loss, step 46. The quality may be
determinéd usin g the channel information generated by the channel estimation device
100, the soft symbols generated by the data estimation device 102 or other quality
measurement techniques. The estimated path loss quality is used to weight the path
loss estimate by the transmit power calculation device 116. If the power command,
brpc, Was sent in the communication's data, the data estimation device 102 interprets
the closed loop power command, b Using the closed loop power command, by,
and the weighted path loss, the transmit power calculation device 116 sets the
transmit power level of the receiving station S0, step 48.

The following is one of the preferred combined closed ioop/open loop power
control algorithms. The transmitting station's power level in decibels, Prg, is
determined using Equations 4 and 6.

Prg =Py +G(n) + ol Equation 4

P, is the power level that the receiv"i'ng station 50 desires to receive the
ransmitting station's communication in dB. P, is determined by the desired SIR at
the receiving station 50, SIR,rger, and the interference level, Iy, at the receiving
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station 50 using Equation 5.

Py = SIRargertlrs | Equation 5
Igs is either signaled or broadcasted from the receiving station 50 to the
transmitting station 52. For downlink power control, SIRrypger is known at the
transmitting station 52. For uplink power control, SIR,gger is signaled from the
receiving station 50 to the transmitting station 52. G(n) is the closed loop power
control factor. Equation 6 is one eqﬁation for determining G(n).
G(n) = G(n-1) + bypc Arpe : Equation 6
G(n-1) is the previous closed loop power control factor. The power
command, brpe, for use in Equation 6 is either +1 or -1. One teéhnique for
determining the power command, by, is Equation 3 The power command, by,
is typically updated at a rate of 100 ms in a TDD system, although other update rates
may be used. A is the change in power level. The change in power level is
typically 1 dB although other values may be used. As aresult, the closed loop factor
increases by 1 dB if bypc 18 +1 and decreases by 1 dB if by 1s -1.
The weighting value, o, is determined by the quality measurement device 114.
o is a measure of the quality of the estimated path loss and is, preferably, based on
the number of time slots, D, between the time slot of the last path loss estimate and
the first time slot of the communication transmitted by the transmitting station 52.
The value of a is from zero to one. Generally, if the time difference, D, between the
time slots is small, thé rc;cent path loss estimate will be fairly accurate and « is set at
a‘value close to one. By contrast, if the time difference is large, the path loss
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estimate may not be accurate and the closed loop aspect is most likely more accurate.

Accordingly, o is set at aA value closer to zero.
Equation 7 is one equation for determining «, although others may be used.
a=1-(D-1)/D,, Equation 7
D,.., 1s the maximum possible delay. A typical value for a frame having fifteen time
slots is six. If the delay is D, or greater, o approaches zero. Using the calculated
transmit power level, P, determined by a transmit power calculation device 116, the
combined closed loop/open loop power controller 108 sets the transmit power of the
transmitted communication.

Data to be transmitted in a communication from the transmitting station 52 is
produced by a data generator 106. The communicétion data is spread and time- .
multiplexed with a training sequence by the spreading and training sequence
insertién device 104 in the appropriate time slots and codes of the'assigned resource
units producing a communication burst. The spread si gnél is amplified by the
amplifiér 74 and modulated by the modulator 70 to radio frequency.

The combined closed léop/open loop power controller 108 controls the gain
of the amplifier 74 to achieve the determined transmit power level, Py, for the
communication. The power controlled cominunication 1s passed through the isolator

62 and radiated by fhe antenna S8.

Equations 8 and 9 are another preferred combined closed loop/open loop

power control algorithm.
Prs=Py+K(n) Equation 8
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K(n) = K(n-1) + bypc Appc + €L Equation 9
K(n) is the combined closed loop/open loop factor. As shown, this factor includes
both the closed loop and open loop power control aspects. Equations 4 and §
segregate the two aspects.

Although the two above algorithms only weighted the open loop factor, the
weighting may be applied to the closed loop factor or both the oi)en and closed loop
factors. Under certain conditions, the network operator may desire to use solely open
loop or solely closed loop power control. For example, the operator may use solely
closed loop power control by setting o to zero.

Figures 5-10 depict graphs 118-128 illustrating the performance of a
combined closed-loop/open-loop power control sys”tem.’ These graphs 118-128
depict the results of simulations comparing the performance of the ARIB proposed
system, a closed loop, a combined open loop/closed loop system using Equations
4 and 6 (schéme I) and a combined system using Equations 8 and 9 (scheme II).
The simulations were performed at the symbol raie. A spreading factor of sixteen
was used for both the uplink and downlink channels. The uplink and downlink
channels are International Telecommunication Union (ITU) Channel model [ITU-R
M.1225, vehicular, type B]. Additive noises were simulated as being independent
of white Gaussian noises with unity variance. The path loss is estimated at the-
transmitting station 52 which is a UE 32, and in particular a mobile station. The
BCH channel was used for the path loss estimate. The path loss was estimated two

times per frame at a rate of 200 cycles per second. The receiving station 50, which
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was a base station 30,, sent the BCH transmission power level over the BCH. RAKE

combmmg was used for both the UE 32, and base station 30,. Antenna diversity

combining was used at the base station 30,.

Graphs 118, 122, 126 depict the standard deviation of the received signal to

- noise ratio (SNR) at the base station 30, of the UE's power controlled

communication as a function of the time slot delay, D. Graphs 120, 124, 128 depict
the normalized bias of the received SNR as a function of the delay, D. The
normalization was performed with respect to the desired SNR. Each point in the. -
graphs 118-128 represents the average of 3000 Monte-Carlo runs.

Graphs 118, 120 depict the results for an ¢ set at one. For low time slot
delays (D<4), scheme I and II outperform closed lobp power control. For larger
delays (D>4), closed loop outperforms both scheme I and II which demonstrates the
importance of weighting the open loop and.closed loep aspects.

Graphs 122, 124 depict the results for an o setat 0.5. As shown, for all delays
excluding the maximum, schemes I and II outperform closed loop power control.
The ARIB preposal only outperforms the others at the lowest delay (D=1).

Graphs 126, 128 depict the results for an o set using Equation 7 with D,

equal to six. Asshown, schemes I and II outperform both closed loop and the ARIB
proposal at all delays, D.

* * *
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CLAIMS
1. A method for controlling transmission power levels in a spread
spectrum time division duplex communication system having frames with time slots
for cc;mmunication, the method compri_sing:
receiving at a first communication station communications from a second
5 communication station and transmitting from the first station power commands based
on in part a reception quality of the received communications;
transmitting from. the first communication station a first communicatioﬁ

having a transmission power level in a first time slot;

receiving at the second communication station the first communication and

10 the power commands;

measuring a power level of the first communication as received;
determining a pathloss estimate based on in part the measured received first
. communication power level and the first communicaﬁon transmission powér level;
and
15 ~ setting a transmission power leyel for a second communication in a second
time slot from the second station to the first station based on in part the pathloss
estimate weighted by a quality factor and the power commands, wherein the quality

factor is a function of a time separation of the first and second time slots.

2. The method of claim 1 further comprising:

determining a quality, «, of the pathloss estimate based on in part a number
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of time slots, D, between the first and second time slot; and

wherein the quality factor is a.

—

!

3. The method of claim 1 wherein a maximum time slot delay is D, ,, and

the determined quality, «, is determined by

a=1-(D-1)/D,.

4. The method of claim 1 wherein the set transmission power level is
based on in part a desired received power level at the first station, a closed loop
factor and an open loop factor; wherein the closed loop factor is based on in part the

received power commands and the open loop factor is based on in part the pathloss

estimate weighted by the quality factor.

5. The method of claim 1 wherein the set transmission power level is
based on in part a desired received power level at the first station and a combined
closed loop/open loop factor; wherein the combined closed loop/open loop factor is

based on in part the received power commands and the pathloss estimate weighted

by the quality factor.

6. The method of claim 4 wherein the closed loop factor is updated for

each received power command.
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7. The method of claim 5 wherein the combined factor is updated for each

received power command.

8.  The method of claim 4 wherein the desired received power level is

based on in part a target signal to interference ratio and a measured interference level

at the first station.

9.~ The method of claim 5 wherein the desired received power level is

based on in part a target signal to interference ratio and a measured interference level

_at the first station.

10. The method of claim 1 wherein the first station is a base station and the

second station is a user equipment.

11. ~ The method of claim 1 wherein the first station is a user equipment and

the second station is a base station.

12.  Aspread spectrumtime division duplex communication system having

a first and second communication station, the system using frames with time slots for
communication, the system comprising:

the first station comprising:

means for receiving communications from the second communication
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station and transrrﬁtting power commands based on in part a reception quality of the
received communications; and
means for transmitting a first communication having a transmission
power level in a first time slot; and
10 | the second station comprising:
means for receiving the first communication and the power commands;
means for measuring a power level of the first communication as
received;
means for determining a pathloss estimate based on in part the
15 measured received first communication power level and the first communication
transmission power level; and
means for setting a transmission power level for a second
communication in a second time slot from ihc second station to the first station based
on in part the pathloss estimate weighted by a quality factor and the power

20 commands, wherein the quality factor is a function of a time separation of the first

and second time slots.

13.  The system of claim 12 wherein:

the second station further comprises means for determining a quality, «, of the

pathloss estimate based on in part a number of time slots, D, between the first and
second time slot; and
5 the quality factor is a.
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14.  The system of claim 12 wherein a maximum time slot delayis D, and
the determined quality, a, is determined by

a=1-(D-1)/D,,.

15.  The system of claim 1 wherein the setting means sets the transmission
power level based on in part a desired received power level at the first station, a
closed lo‘op factor and an open loop factor, the closed loop factor is based on in part
the received power commands and the open loop .factor is based on in part the

pathloss estimate weighted by the quality factor.

16.  The system of claim 1 wherein the setting means sets the transmission
power level based on in part a desired received power level at the first station and a
combined closed loop/open loop factor, the combined closed loop/open loop factor

is based on in part the received power commands and the path loss estimate weighted

by the quality factor.

17.  The system of claim 15 wherein the closed loop factor is updated for

each received power command.

18.  The system of claim 16 wherein the combined factor is updated for

each received power command.
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19.  The system of claim 15 wherein the desired received power level is

based on in part a target signal to interference ratio and a measured interference level

at the first station.

20.  The system of claim 16 wherein the desired received power level is
based on in part a target signal to interference ratio and a measured interference level

at the first station.

21.  The system of claim 12 wherein the first station is a base station and

the second station is a user equipment.

22.  The system of claim 12 wherein the first station is a user equipment

and the second station is a base station.

23. A communication station having its transmission power level
controlled in a spread spectrum time division duplex communication system, the
system using frames with time slots for communication and having a second
communication station transmitting a first communication in a first time slot and
power commands, the communication station comprising:

at least one antenna for receiving the first communication and the power

commands and transmitting an amplified second communication in a second time

slot;
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achannel estimation device having an input configured to receive the received
10 first communication for producing channel information;
adata estimation device having inputs configured to receive the received first
communication, the power cofnmands and the channel infofmation for producing
soft symbols and recovering the power commands;
a power measurement device having an input configured to receive the
15 channel information for producing a measurement of a received power level for
producing a pathloss estimate for the first communication;
a quality measurement device for producing a quality measurement based at
least in part upon a time separation 6f the first time slot and a second time slot;
a transmit power calculation device having inputs configured to receive the
20 pathloss estimation, the recovered power commands and the quality measurement for
producing a power control signal based on in part the pathloss estimate weighted by
the quality measurement and the recovered power commands; and
an amplifier having inputs configured to receive the power control signal and
a second communication to be transmitted in the second time élot for amplifying the

25 second communication in response to the power control signal to produce the

amplified second communication. -

22

NAC1002
Page 250



" \ 7 oY)
po "g \ / I’ -FO
ﬁ ‘ / —2

B

I" \
\
//AJ :

18]

S

“T—"
cpi

L/} NAC1002

9LyL0/00SNV/LOd pLSLS/00 OM  F298 251



3

3¢,

3¢,

3

56

J

3¢

1 3¢

-
TIME

lr:s'g. 2:

NAC1002
Page 252

L/2

vLC1SI00 DA

9LpL0/00SN/LDd



WO 00/57574 PCT/US00/07476

3/7

GENERATE A POWER CONTROL |
i COMMAND BASED ON A SIGNAL TO
e INTERFERENCE RATIO OF A
COMMUNICATION SENT FROM THE
TRANSMITTING STATION

TRANSMIT A COMMUNICATION AND THE
L\" (O /™~ POWER COMMAND FROM THE RECEIVING
STATION

DETERMINE THE RECEIVED POWER LEVEL
L\N 2 ~ - OF THE COMMUNICATION FROM THE
RECEIVING STATION AT THE
TRANSMITTING STATION

DETERMINE AN ESTIMATED PATH LOSS
BETWEEN THE RECEIVING AND
TRANSMITTING STATION BY

L‘.q, A~ SUBTRACTING THE RECEIVED
COMMUNICATION’S POWER LEVEL IN dB
FROM THE COMMUNCATION’S
TRANSMISSION POWER LEVEL IN dB

Y Lol DETERMINE THE QUALITY OF THE
‘ ESTIMATED PATH LOSS

SETTING THE TRANSMITTING STATION’S
POWER LEVEL BASED ON IN PART THE
\_‘(g ~ POWER COMMAND AND WEIGHTING THE

ESTIMATED PATH LOSS BASED ON THE
ESTIMATE’S QUALITY
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o R A closed loop power control method may be utilized
to adjust either the uplink or the downlink power level

3 to an optimum level.
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INITIAL UPLINK AND DOWNLINK POWER LEVEL ASSIGNMENT
IN A RADIO TELECOMMUNICATIONS NETWORK

BACKGROUND OF THE INVENTION
- Technical Field of the Invention

This invention relates to telecommunication systems and, more particularly,
to amethod of setting initial uplink and downlink power levels in a mobile station and
a radio base station in a radio telecommunications network.

Description of Related Art

U.S. Patent No. 4,696,027 to Bonta (Bonta) discloses a two-way radio system
which employs power control of a mobile station to provide a predetermined received
signal strength at a radio base station following a handoff. During the locating
function, Bonta measures the uplink signal strength of signals transmitted by the
mobile station to the target base station, and after accounting for path loss, etc., the
post-handoff power level of the mobile station is determined. Thus, the methodology
utilized in Bonta is applicable to the uplink power level when a call is ongoing and -
there has been plenty of opportunity to make signal strength measurements for use in
analyzing what mobile station power level is required in the target cell. However,
Bonta does not teach or suggest a method of setting an initial uplink (mobile station
to base station) or downlink (base station to mobile station) power level at times such
as system access when multiple signal strength measurements have not been made.

In some existing Time Division Multiple Access (TDMA) radio
telecommunications networks, a Base-Station Power Control (BSPC) function sets the
initial downlink power level to its highest level when a mobile station first accesses
the network and a call is being set up on a digital traffic channel. After uplink and
downlink signal strength measurements have been reported, the BSPC function adjusts
the downlink power level to a more optimum level. In most cases, this process ensures
adequate downlink signal strength for call setup, but causes unnecessary peaks of
energy in the downlink with a resultant increase in the interference level in the

network. Therefore, some calls in co-channel cells may experience degraded radio
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quality performance, or may even be disconnected.

In other existing radio telecommunications networks such as wideband Code
Division Multiple Access (CDMA) systems, the initial downlink power level is set at
its lowest level, and is then incrementally increased until the mobile station canreceive
it. After the initial downlink signal is sent to the mobile station, the system must wait
for an acknowlédgment from the MS. If an acknowledgment is not received, the
downlink power is increased, and the signal is sent again. This process may be
repeated several times before an acknowledgment is received from the mobile station.
Thus, this approach reduces interference leQels in the network, but requires additional
time for call setup. _ ' |

In order to overcome the disadvantage of existing solutions, it would be
advantageous to have a method of assigning more optimum initial uplink and
downlink power levels at system access on the control channel (for a circuit-switched
call) or at acknowledgment on the packet channel (for a packet-switched call). Such
a method would also provide a more efficient way to optimize initial power settings
following handoffor at the beginning of a data transaction during an ongoing call. The

present invention provides such a method.

SUMMARY OF THE INVENTION

In one aspect, the present invention is a method of assigning aﬁ initial
downlink power level from a base station to a mobile station. The method assigns the
initial downlink power level based on historical data. Rather than calculating the
power level directly from signal strength measurements taken after the call has begun,
the invention builds a historical database of signal strength measurements and path
loss offsets in the system. These path loss offsets are then correlated with the
downlink power used by the power control algorithm in the base station, and a
statistical relationship between the two is determined. When it is time to assign the
initial downlink power, the uplink signal strength is measured, and then the downlink
power corresponding to that measured signal strength is assigned. The method may
be applied at initial system access or at intercell handoff, and is applicable to both

circuit-switched calls and packet-switched data transactions.
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In particular, the method of the present invention maintains a historical
database of signal strength measurements and downlink power level settings in the
telecommunication system. The uplink signal strength of an initial signal sent from
the mobile station to the base station is measured at the base station. The measured
uplink signal strength is sent to the historical database where it is correlated with an
associated downlink power level setting. The correlated downlink power level setting
is sent to the base station where it is utilized as the initial downlink power level setting
for a first transmission from the base station to the mobile station. A closed loop
power control method may then be used to adjust the downlink power level to achieve
an optimum received signal strength at the mobile station. After the initial phase of
the closed loop method, the historical database is updated by sending the adjusted
downlink power level to the historical database, and associating the adjusted downlink
power level setting with the uplink signal strength of the initial signal sent from the
mobile station to the base station.

In another aspect, the present invention is a method of assigning an initial
downlink power level at intercell handoff between a target base station and a mobile
station in a radio telecommunication system. The method includes the steps of
building a historical database which correlates measurements of radio quality
parameters with downlink power level settings, measuring at the target base station a
radio quality parameter from an initial signal sent from the mobile station to the target
base station, and sending the measured radio quality parameter to the historical
database. The method also includes correlating in the historical database the measured
radio quality parameter with an associated downlink power level setting, sending the
correlated downlink power level setting to the target base station, and utilizing the
correlated downlink power level setting as the initial downlink power level setting for
a first transmission from the target base station to the mobile station.

In yet another aspect, the present invention is method of assigning an initial
uplink power level from a mobile station to a base station in a radio
telecommunication system. The method includes building a historical database which
correlates measurements of radio quality parameters such as signal strength and

interference measurements with uplink mobile station power level settings. The radio
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quality parameters are then measured at the base station. For example, the method
may measure a signal strength of an initial access signal sent from the mobile station
to the base station, assign a packet data channel to the mobile station, and then
measure an interference level on the assigned packet data channel. This is followed
by sending the measured parameters to the historical database, correlating the
measured parameters with an optimum uplink mobile station power level setting,
sending the correlated optimum uplink mobile station power level setting to the mobile
station, and utilizing the correlated optimum uplink power level setting as the initial
mobile station power level setting for a first data transmission from the mobile station

to the base station.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and its numerous objects and
advantages will become more apparent to those skilled in the art by reference to the
following drawing, in conjunction with the accompanying specification, in which:

FIG. 1 is a signal flow diagram illustrating how the method of the present
invention is utilized with the General Packet Radio Service (GPRS) and the Global
System for Mobile Communications (GSM) to determine an initial downlink power
level and to maintain the historical database;

FIG. 2 is a signal flow diagram illustrating how the method of the present
invention is utilized with GPRS and GSM to determine an initial ﬁplink power level
and to maintain the historical database; and

FIG. 3 is an exemplary data structure for the historical database.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention is a method of assigning initial uplink and downlink
power levels at times such as system access when multiple signal strength
measurements between a mobile station and a base station have not been made. The
invention assigns the initial power levels based on historical data. Rather than
calculatihg a power level directly from signal strength measurements taken after the

call has begun, the invention builds a historical database of signal strength
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measurements and path loss offsets in the system. These path loss offsets are then
correlated, for example, with the downlink power used by the power control algorithm
in the base station, and a statistical relationship between the two is detérmined. When
it is time to assign the initial downlink power, the uplink path loss is estimated, and
then the downlink power corresponding to that path loss is assigned.

In a typical scenario in which initial downlink power is to be determined, a
speech cell exists, and it is desired to begin the access at a near-optimum power level.
The system may know only a single uplink signal strength measurement. The needed
downlink power must be calculated from that single uplink measurement. A classical
approach is to establish some fixed offset. To do so, however, the system must
calculate path losses using a number of varying parameters which are not known. In
addition, the uplink control signaling may be of very short duration, resulting in an
unreliable measurement. Also, if interference is present, signal strength is not a good
measure of radio quality.

Alternatively, if the cell is programmed to learn its environment, historical
uplink and downlink path loss information can be stored as historical data. This
historical data can then be associated with uplink signal strength measurements. Then,
when a mobile station accesses the network, its uplink signal strength is measured, and
the system can select a near-optimum initial uplink or downlink power level. A
historical database may be built for each cell, transceiver, or mobile station type,
depending on the level of accuracy desired. The database may also be built for each
mobile individual or data transaction. This method can be applied to system access
as well as handoff and data packet transfer.

The present invention is useful for assigning initial power level in a variety of
networks, and is particularly useful for packet data applications. For packet data being
transmitted from the base station to the mobile station, the system may assign the
initial downlink power based only on an uplink packet control acknowledgment. This
saves additional signaling now utilized by the BSPC function. For packet data being
transmitted from the mobile station to the base station, the system may assign an initial
uplink power based on the signal strength of the packet channel request signal which

the mobile station sends on the control channel, and an interference measurement on
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the assigned packet data channel. The historical database correlates these
measurements with an optimum initial mobile station power level for the data
transmission. |

In many cases, it is more important to make an accurate determination of the
initial power level in packet data transmissions because packet data transmissions may
be of shorter duration than typical circuit-switched voice calls. Thus, the period of
time utilized by existing BSPC functions to determine an optimum uplink or downlink
power level may equate to a large percentage of the total transmission. For example,
in a speech call, at least 20-30 seconds may be spent in one cell, and the interference
caused by the initial peak transmitter power lasts for only 1 or 2 seconds of that period.
A packet transmission may only last a few seconds, and therefore using existing
techniques, a larger percentage of the call may be utilized trying to find a good power
level.

Other methods may also be used for initial power level assignment for packet
data transactions. For example, a certain mobile station may have conducted a recent
packet data transaction, and by retaining signal strength and power level information,
the system can better estimate the initial power level required in a later transaction.
During a packet data call, the mobile station requests packets or acknowledges packets
on the uplink signal channel.. These requests or acknowledgments may be very short
bursts. The signal strength of these requests or acknowledgments is measured, and a
relationship is then built between the signal strength measurements and the power that
is currently being used to eventually derive an optimum power level for packet
transmission,

Several radio quality parameters may be measured and stored in the historical
database for later correlation. Then, at a later system access, pairs of parameters, or
combinations of additional parameters may be utilized to determine a most likely best
initial power level. Examples of available radio quality measurements that can be
utilized for the historical database are:

« Signal strength of control signaling during access;

» Signal strength on the idle traffic channel, indicating interference;

* Energy-per-bit/Noise (Eb/No) or Carrier-to-Interference (C/T)
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» Bit errors, indicating radio quality (Eb/No or C/1); and

* Cell-load or sum of used power in a CDMA system, indicating
interference.

Since uplink and downlink offsets are measured and compensated for, either
uplink or downlink measurements can be used and correlated with the desired power.
Therefore, uplink measurements can be utilized to set initial downlink power.

As noted above, the historical database can be built for each cell, transceiver,
mobile station type, mobile individual, or data transaction. The database may be built
on a per-cell basis to adapt to each cell radio environment, to measurement devices
inaccuracy, and to the uplink/downlink link budget difference. The database may be
built on a per-transceiver basis to adapt to equipment differences and to channel
reuse/interference differences between channels. The database may be built on the
basis of mobile station type in order to adapt to different mobile station design
characteristics. The database may be built on a per-mobile individual basis to adapt
to each mobile station. The database may be built on a per-data transaction basis to
retain and reuse data gathered about a particular radio environment during a packet
data association.

FIG. 1 is a signal flow diagram illustrating how the method of the present
invention is utilized with the General Packet Radio Service (GPRS) and the Global
System for Mobile Communications (GSM) to determine an initial downlink power
level and to maintain the historical database. Illustrated in the figure are a base station
11, a mobile station 12, and a historical databas¢ 13 which stores signal strength
measurements, path loss offsets, and associated power level settings in the network.
The signal flow illustrates a Temporary Block Flow (TBF) process in which one data
packet is sent downlink using GPRS. The data packet has been split into a number of
Radio Link Control (RLC) blocks, each of which is four GSM bursts. This equates to
between 22 and 54 bytes payload depending on channel coding.

When it is desired to transmit a packet to the mobile station 12, the base station
11 assigns a packet data channel and notifies the mobile station with a Packet

Downlink Assignment signal 14 on the control channel. Upon receipt of this signal,
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the mobile station sends a Packet Control Acknowledgment 15 as a response. The
uplink signal strength of this acknowledgm;:nt is méasured by the base station, and at
16, the measurement is passed to the historical database 13. The database utilizes the
measured uplink signal strength and associated historical path loss offsets to select a
near-optimum initial power level setting. At 17, the initial power level setting is
returned to the base station. Meanwhile, the base station hés sent a Packet Timing
Advance/Power Control signal 18 to the mobile station on the control channel. The
mobile station is then switched to the assigned packet data channel.

The first RLC data block 19 is then sent from the base station 11 to the mobile
station 12 with the initial power based on the selected initial power level setting from
the historical database 13. The mobile station receives the first RLC data block and
measures the downlink signal strength and C/I. The mobile station then sends a Packet
Downlink Acknowledgment signal 21 to the base station and includes the downlink
measurement results. At 22, the base station filters the received downlink

measurements, and uses a closed loop power control process to adjust the power level

- of the second RLC data block based on the received downlink measurements. The

adjusted power level is calculated to result in a more optimum received signal strength
at the mobile station. At 23, the second RLC data block is then sent from the base
station to the mobile station at the adjusted power level. Once again, the mobile
station receives the RLC data block and measures the downlink signal strength and
C/1. The mobile station then sends a second Packet Downlink Acknowledgment signal
24 to the base station and includes the downlink measurements from the second RLC
data block. At 25, the base station again adjusts the power level of the transmitted
RLC data blocks based on the received downlink measuremients.

This process continues until the closed loop power control has passed its initial
phase, which is dependent on filter times. This is shown in FIG. 1 after “n” iterations
where the mobile station 12 sends a Packet Downlink Acknowledgment signal 26 to
the base station and includes the downlink measurement results from the n-1th RLC
data block. At 27, the base station adjusts the power level of the nth RLC data .block
based on the received downlink measurements, and sends the data block to the mobile

station at 28. At 29, the base station also passes the adjusted power level setting to the
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historical database 13 which stores this value along with the uplink measurement
recorded at step 16. This can be done with filters, a look-up table, or any other
suitable method. As noted above, the value may be associated with one parameter or
with others on a per-cell, per-data transfer, etc. basis.

The closed loop power control function may then continue until the last RLC
data block is transmitted at 31, and the last Packet Downlink Acknowledgment signal
32 is sent to the base station with downlink signal strength and C/I measurements.

FIG. 2 is a signal flow diagram illustrating how the method of the present
invention is utilized with GPRS and GSM to determine an initial uplink power level
and to maintain the historical database. When it is desired to transmit a packet from
the mobile station 12, the mobile station sends a Packet Channel Request signal 41 on
the control channel to the base station 11. The base station measures the uplink signal
strength of the signal and sends a signal strength' measurement 42 to the historical
database 13. The base station also assigns a packet data channel to the mobile station
and measures the idle signal strength on the assigned channel as an interference
measurement 43 which is also sent to the historical database. Alternatively, the
interference may be continuously measured on all packet data channels and recorded
in the historical database so that the information is readily available and does not delay
allocation when requested.

The combination of signal strength of the Packet Channel Request signal 41
and interference on the assigned packet data channel 43 is then used in the historical
database to look up an optimum initial mobile uplink power setting 44. The base
station then sends a Packet Uplink Assignment signal 45 to the mobile station and
includes the initial mobile uplink power setting. |

Upon receipt of the Packet Uplink Assignment signal 45, the mobile station 12
sends a first RLC data block 46 to the base station 11 utilizing the initial mobile uplink
power setting 44 from the historical database 13. The base station receives the first
RLC data block, analyzes the quality of the received block, and uses a closed loop
power control process at 47 to compute an adjusted uplink power setting for the
mobile station. The adjusted uplink power setting is sent to the mobile station in a

Packet Uplink Acknowledgment signal 48. The mobile station then uses the adjusted
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uplink power setting to send the second RLC data block 49. |

- Once again, the base stationreceives the RLC datablock (in this case RLC data
block 2), analyzes the quality of the received block, and uses a closed loop power
control process at 51 to compute an adjuéted uplink power setting for the mobile
station. The adjusted uplink power setting is sent to the mobile station in a Packet
Uplink Acknowledgment signal 52. ‘

This process continues until the closed loop power control has passed its initial
phase, which is dependent on filter times. This is shown in FIG. 2 after “n” iterations
where the mobile station 12 sends the nth RLC data block 53 to the base station 11.
At 54, the base station computes an adjusted uplink power setting for the mobile
station, and sends a Packet Uplink _Acknowledgment signal 55 to the mobile station
with the adjusted power level setting. At 56, the base station also passes the adjusted
power level setting to the historical database 13 which stores this value along with the
uplink signal strength measurement 42 and the uplink interference measurement 43
previously recorded. This can be done with filters, a look-up table, or any other
suitable method.
| The closed loop power control function may then continue until the last RLC
data block 57 is transmitted from the mobile station 12, and the last Packét Uplink
Acknowlédgment signal 58 is sent from the base station 11.

FIG. 3 is an exemplary data structure for the historical database 13 in which
the database is built for each cell 61. As noted above, the historical database may be
built for each cell, transceiver, or mobile station type, depending on the level of
accuracy desired. The database may also be built for each mobile individual or data
transaction. Essentially, a database can be built for each entity which has individual
behavior for initial data, and for which enough data can be collected. In each database, |
a probability density function (PDF) is built for each combination of measurement
values. In this example, the combination of signal strength measurements 62 and
interference measurements 63 results in a PDF 64 for each combination 65. The
values can be rounded and truncated to limit the size of the database.

The PDF may be programmed in several ways to identify a power level setting

associated with the signal strength/interference combination. For example, the PDF
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may identify the most common resulting adjusted power level computed by the closed
loop power control function and reported to the historical database. Alternativély, the
PDF may identify a median value rather than the most common power level setting.
It is thus believed that the operation and construction of the present invention

will be apparent from the foregoing description. While the method shown and
described has been characterized as being preferred, it will be readily apparent that
various changes and modifications could be made therein without departing from the

scope of the invention as defined in the following claims.
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WHAT IS CLAIMED IS:

: 1. A method of assigning an initial downlink power level from a base
station to a mobile station in a radio telecommunication system, comprising the steps
of:

building a historical database wh.ich correlates measurements of radio quality
parameters with downlink power level settings; |

measuring at the base station, a radio quality parameter from an initia}l signal
sent from the moBile station to the base station; . |

sending the measured radio quality parameter to the historical database;

correlating in the historical database, the measured radio quality parameter with
an associated downlink power level setting;

sending the correlated downlink power level setting to the base station; and

utilizing the correlated downlink power level setting as the initial downlink

power level setting for a first transmission from the base station to the mobile station.

2. The method of assigning an initial downlink power level of claim 1
wherein the step of building a historical database includes building a historical

database in which measurements are grouped for each transceiver in the base station.

3. The method of assigning an initial downlink power level of claim 1
wherein the step of building a historical database includes building a historical

database in which measurements are grouped for each cell in the system.

4. The method of assigning an initial downlink power level of claim 1
wherein the step of building a historical database includes building a historical
database in which measurements are grouped for each mobile station type operating

in the system

5. The method of assigning an initial downlink power level of claim 1

wherein the step of building a historical database includes building a historical
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database in which measurements are grouped for each mobile individual in the system.

6. The method of assigning an initial downlink power level of claim 1
wherein the step of building a historical database includes building a historical
database in which measurements are grouped for each data transaction conducted in

the system.

7. The method of assigning an initial downlink power level of claim 1
wherein the measured radio quality parameter is selected from a group consisting of:

an uplink signal strength of an initial access signal sent from the mobile station
to the base station;

signal strength of control signaling during access;

signal strength on an idle traffic channeli;

Energy-per-bit/Noise (Eb/No) measurements;

Carrier-to-Interference (C/I) ratio measurements;

bit errors;

cell-load in the system; and

sum of used power in the system.

8. The method of assigning an initial downlink power level of claim 1
further cbmprising a closed loop power control step, the closed loop step including:

measuring at the mobile station, at least one radio quality parameter of a
transmission from the base stétion;

sending the measured radio quality parameter from the mobile station to the
base station; and

adjusting the downlink power level at the base station to amore optimum level.

9. The method Qf assigning an initial downlink power level of claim 8
further comprising the step of updating the historical database, the updating step
including: | |

sending the adjusted downlink power level to the historical database; and

associating the adjusted downlink power level setting with the uplink signal
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strength of the initial signal sent from the mobile station to the base station.

10.  The method of assigning an initial downlink power level of claim 9
wherein the updating step is performed after a number of iterations in which the
received radio quality parameter is measured at the mobile station, the received radio
quality measurements are reported to the base station, and the downlink power level

is adjusted to a more optimum level.

11.  The method of assigning an initial downlink power level of claim 10
wherein the number of iterations is determined when the closed loop power control

step has passed its initial phase, as determined by filter times.

12. The method of assigning an initial downlink power level of claim 1
wherein the step of measuring at the base station, a radio quality parameter from an
initial signal sent from the mobile station to the base station includes measuring the
signal strength of control signaling at initial system access on a control channel for a

circuit-switched call.

13.  The method of assigning an initial downlink power level of claim 1
wherein the initial downlink power level is being set at intercell handoff of the mobile
station from a serving base station to a target base station, and the step of measuring
at the base station, a radio quality parameter from an initial signal sent from the mobile
station to the base station includes measuring at the target base station, a radio quality

parameter from an initial signal sent from the mobile station to the target base station.

14.  The method of assigning an initial downlink power level of claim 1
wherein the initial downlink power level is being set for a transaction of a data
package between the base station and the mobile station, and the step of building a
historical database includes storing in the historical database, measurements of radio

quality parameters and power level information from previous data package

transactions between the base station and the mobile station.
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15.  The method of assigning an initial downlink power level of claim 14
wherein the step of measuring at the base station, a radio quality parameter from an
initial signal sent from the mobile station to the base station includes measuring the
signal strength of control signaling at packet control acknowledgment on a packet

channel.

16. A method of assigning an initial downlink power level from a base
station to a mobile station in a radio telecommunication system, comprising the steps
of:

building a historical database which correlates measurements of radio quality
parameters with downlink power level settings;

measuring at the mobile station, a radio quality parameter from an initial signal
sent from the base station to the mobile station;

sending the measured radio quality parameter to the historical database;

correlating in the historical database, the measured radio quality parameter with
an associated downlink power level setting;

sending the correlated downlink power level setting to the base station; and

utilizing the correlated downlink power level setting as the initial downlink

power level setting for a first transmission from the base station to the mobile station.

17.  The method of assigning an initial downlink power level of claim 16
wherein the measured radio quality parameter is selected from a group consisting of:

an uplink signal strength of an initial access signal sent from the mobile station
to the base station;

signal stréngth of control signaling during access;

signal strength on an idle traffic channel,;

Energy-per-bit/Noise (Eb/No) measurements;

Carrier-to-Interference (C/I) ratio measurements; and

bit errors.

18.  The method of assigning an initial downlink power level of claim 16
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wherein the step of measuring at the mobile station, a radio quality parameter from an
initial signal sent from the base station to the mobile station includes measuring the

signal strength of control signaling at initial system access on a control channel for a

circuit-switched call.

19.  The method of assigning an initial downlink power level of claim 16
wherein the initial downlink power level is being set at intercell handoff of the mobile
station from a serving base station to a target base station, and the step of measuring
at the mobile station, aradio quality parameter from an initial signal sent from the base
station to the mobile station includes measuring at the mobile station, a radio quality

parameter from an initial signal sent from the target base station to the mobile station.

20.  The method of assigning an initial downlink power level of claim 16
wherein the initial downlink power level is being set for a transaction of a data
package between the base station and the mobile station, and the step of building a
historical database includes storing in the historical database, measurements of radio

quality parameters and power level information from previous data package

_transactions between the base station and the mobile station.

21. A method of assigning an initial uplink power level from a mobile
station to a base station in a radio telecommunication system, comprising the steps of:

building a historical database which correlates measurements of radio quality
parameters with optimum uplink mobile station power level settings;

measuring at the base station, at least one radio quality paraméter from signals
sent from the mobile station to the base station;

sending the measured radio quality parameter to the historical database;

correlating in the historical database, the measured radio quality parameter with
an optimum uplink mobile station power level setting;'

sending the correlated optimum uplink power level setting to the mobile
station; and

utilizing the correlated optimum uplink power level setting as the initial mobile
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station power level setting for a first transmission from the mobile station to the base

station.

22.  The method of éssigning an initial uplink power level of claim 21
wherein the measured radio quality parameter is selected from a group consisting of:

an uplink signal strength of an initial access signal sent from the mobile station
to the base station;

signal strength of control signaling during access;

signal strength on an idle traffic channel,

Energy-per-bit/Noise (Eb/No) measurements;

Carrier-to-Interference (C/I) ratio measurements;

bit errors;

cell-load in the system; and

sum of used power in the system.

23.  The method of assigning an initial uplink power level of claim 21
wherein the transmission from the mobile station to the base station is a data
transmissioh, and the step of measuring at least one radio quality parameter from
signals sent from the mobile station to the base station includes:

measuring at the base station, a signal strength of an initial access signal sent
from the mobile station to the base station on a control channel; and

measuring at the base station, an interference level on an assigned packet data

channel.

24.  The method of assigning an initial uplink power level of claim 21
further comprising a closed loop power control step, the closed loop step including:

measuring at the base station, at least one radio quality parameter of the first
data transmission from the mobile station; '

utilizing the measured radio quality parameter to compute an adjusted mobile
station power level; and |

sending the adjusted mobile station power level from the base station to the
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mobile station.

25.  The method of assigning an initial uplink power level of claim 21
wherein the step of building a historical database includes the steps of:

establishing an association of signal strength measurements on a control
channel and interference measurements on a packet data channel; and

building a probability density function (PDF) of uplink power level settings for
each combination of measured control channel signal strength and packet data channel

interference.

26.  The method of assigning an initial uplink power level of claim 25
wherein the PDF identifies the most common resulting adjusted mobile station power

level computed by the closed loop power control step.

27. The method of assigning an initial uplink power level of claim 25
wherein the PDF identifies a median adjusted mobile station power level computed by

the closed loop power control step.

28. The method of assigning an initial uplink power level of claim 21
wherein the step of measuring at the base station, at least one radio quality parameter
from a signals sent from the mobile station to the base station includes measuring the
signal strength of control signaling at initial system access on a control channel for a

circuit-switched call.

29.  The method of assigning an initial uplink power level of claim 21
Wherein the initial uplink powér level is being set at intercell handoff of the mobile
station from a serving base station to a target base station, and the step of measuring
at the base station; at least one radio quality pa:ametér from signals sent from the
mobile station to the base station includes measuring at the target base station, a radio
quality parameter from an initial signal sent from the mobile station to the target base

station.
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METHOD AND ARRANGEMENT FOR POWER USING PATH LOSS METRICS

Field of the Invention

This invention relateslto power coﬁtrol in a wireless
communication system. The invention is applicable to,

but not limited to, Opeﬁ lodp power control’in a UMTS
terrestrial radio access (UTRA) time division dupléx

(TDD), code division multiple access .(CDMA) communication .

system.

Background of the Invention

Wireless communicafion systems, for example‘qellﬁlar
telephony or private mobile radio communication systems,
typically provide for radio telecommunication links to be
arranged between a plurality of base transceiver’ stations
(BTS),'referred to as die Bs with regard to univeréal
mobile telecommunication system (UMTS) systemé, and a
plurality of subscriber units, often referred to ‘as user

equipment (UE) in UMTS systems.

The communication link from a Node B to a UE is generally
referred to as a down-link communication channel.
Conversely, the communication link from a UE to a Node B

is generally referred to as an up-link communication

channel.:

In a UTRA wireless communication system, each Node B has
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associated with it a particular geographical covefage
area (or cell). The coverage area is defined by a
particular range over which the Node B can maintain
acceptable communications with UEs operating within its
serving cell. Often these cells combine to produce an

extensive coverage area.

In such wireless communication systems, methods for
communicating information simultaneously exist where
communication resources ihva'communication network are
shared by a number of users. Such methods are termed
multiple access techniques. A number of multiple accesé
techniques exist, whereby a finite communication resource
is divided into any number of physical parameters, such

as:

. (1) Frequency division multiple access (FDMA)
whereby frequencies used. in the communication system are

shared,

(1i) Time division-multiple'acdess (TDMA) whereby
each frequency used in the communication system, is
shared amongst users by dividing the communication
resource (each frequency) into a number of distinct time

periods (time—slots,'frémes, etc.), and

(1iii) Code division multiple access (CDMA) whereby
communication is performed by using all of the respective
frequencies, in all of the time periods, and the resource
is shared by allocating each communication a particular

code, to differentiate desired signals from undesired
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signals.

. Within such multiple access techniques, different duplex

(substantially simultaneous two-way communication) paths
are arranged. Such paths can be arranged in a frequency
division duplex (FDD) configuration, whereby a first
frequency is dedicated for up-link communication and a
second frquency is dedicated for down-link

communication.

Alternatively,‘the paths can be arranged in a time
division duplex (TDD) configuration, whereby a first time '
period is dedicated for up-link communication and a

second time period is dedicated for down-link
communication within the same frequency channel. 1In
addition, some communication channels are used for
carrying traffic and other channels are used for
transferring. control information, such as call paging,

between the ‘base station and the subscriber units..

Wireless communication systems are distinguished over
fixed communication systems, such as the public switched
telephone network (PSTN), principally in that mobile
stations/subscriber equipment move between coverage areas
served by different Node B (and/or different service
providers). In doing so, the mobile stations/subscriber
equipment encounter varying radio propagation
environments. In particular, in a mobile context, a
received signal level can vary rapidly due to multipath

and fading effects.
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The present invention will be described with respect to a
3" generation partnership project (3GPP) communication
system based on the universal mobile telecommunications
standard (UMTS). UMTS is a CDMA-based system. A CDMA
system employs spread spectrum signaling. Two categories
of spread spectrum communications are direct sequence
spread spectrum (DSSS) and frequency hopping spread
spectrum (FHSS).

In the case of a DSSS communication system, for example,
the spectrum of a signal can be most easily spread by
multiplying it with a wide-band pseudo-random code
generated signal. It is essential that the spreading
signal be precisely known so that the receiver can de-
spread the signal. A cellular communication system using
DSSS is commonly known as a Direct Sequence Code Division
Multiple Access (DS-CDMA) system, one example of which is
defined in the TIA-EAI standard IS-95. Individual users
in the system use the same radio frequencies (RF) and’
t1me slots but they are distinguishable from each other
by the use of individual spreading codes. Hence,
multiple communications channels are allocated using a
number of spreading codes within a portion of the radio
spectrum. Each code is uniquely assigned to a UE, except

for common channels.

One feature associated with most wireless communication
systems;, which is particularly needed in a UTRA system,
allows the transceivers in the Node B and UE to adjust
their transmission output power to take into account the
geographical distance between them. The closer the UE is
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to the Node B’s transceiver, the less power the UE and.
Node B’s transceivers are required to transmit, for the
transmitted signal to be adequately received by the other
unit. This ‘power control’ feature saves battery power
in the UE and aiso helps to reduce interference effects.
Initial power settings for the UE, along with other
control information, are set by the information provided

on a beacon physical channel for a particular cell.

In the context of the present invention, both up-link and
down-link power settings can be controlled independently,
although the present invention is described primarily

with regard to up-link power control.

Precise reverse link power control is a vital element of
CDMA systems as the spreading codes are not orthogonal on
the reverse link. Hence, any error in the power control
(PC) levels introduces interference that directly reduces

system capacity.

Furthermore, it is known that the 3GPP standard is
particularly sensitive to power control mismatches in the
up-link because of fast fading effects in the
communication channel. Fast fading is a known and
generally undesirable phenomenon caused by the signal
arriving at a receiver via a number of different paths.
Therefore, in order to achieve maximum up-link capacity

in a CDMA system, fast power control loops are required.
An inner power control (PC) loop is provided to adjust a
UE’s transmission power to counter the so-called “near-
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far” problem. The inner power control loop adjusts the
transmission pbwer of each connection such that the-'
received signal power observed at the Node B is ‘
sufficient to meet a particular quality of service (QoS)
requirement of each pafticular connection; thefeby'
reducing interference to others in the system. .Thé inner
PC loop adjusts the UE’s transmission power in order to
keep the received reverse link signal-to-interference

ratio  (SIR) -as close to constant as posSiblé,,

The predetermined'threéhold, to which the inner loop SIR
measure is compared, is generated by the outér, quality-
driven, power control loop. This loop sets-a target SIR
threshold that is proportionate with the required quality
of service (QoS) for a givenlconnection kusually defined
in terms of target bit error rate (BER) or frame error
rate (FER)). This target will vary as propagation
conditions change, for example as a function of each UE’'s
speed aﬁd its specific propagation environment,‘as both
have an impact on the SIR required at the Node B to.

maintain the desired Qos.

The inner loop simply adjusts the transmit power from a
UE to achieve the desired received SIR observed at the
Node B. The actual transmit power of a UE generally has
a fixed dynamic range that is primarily dictated by |
practical size and cost constraints. This means that the
transmit power of the UE is constrained to lie somewhere
within this range. If the UE is situated close to a Node
B that it is communicating with, then the path loss
between the UE and the Node B will, in general, be low,
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meaning that the transmission power of the UE to achieve

a given SIR can also be low.

In the context of the present invention, an open-loop
power control scheme is used in UTRA TDD-CDMA whereby
user equipment (UE) adapts its transmit output 1evel‘in
accordance with measured path loss variations. These
path loss variations are determined by regular ‘
measurements of the received signal code power (RSCP).of
a downlink beacon physical channel.l In the RSCP, .the UE
is provided with the reference power at which theé beacon
channel was transmitted. Hence, when this value is

compared to the measured level of the received signal,

the path loss can be calculated.

The UE then compensates for changes in the path loss by
transmitting more or less power depending on whether the

path loss has increased or'decreased respectively.

‘Nominally, the open loop scheme runs at the'radio,frame

rate of 10 msec., although an option exists within the
UTRA standard to run at twice this rate by utilising two
beacon physical channels per frame, i.e. spaced eight

timeslots (8/15ths of a frame) apart.

Due to the update rate limitations of the scheme, the
effectiveness of the loop at combating the aforementioned
fast fading problem decreases with increasing UE speed.
Hence, as PC is a critical issue in CDMA systems, a
solution to the implementation of effective PC at high

subscriber unit speeds is required.
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The technical specification ‘TS25.224’ of the 3rd

Generation Partnership Project (3GPP) specifies that a
weighting parameter « can be used to weight the path loss

towards the long-term-averaged path loss (Lp) and the

instantaneous path loss Lp-ccpcy as required. The

equation that is used to implement the open loop power

" control scheme, is:

PUL = aLp_CCPCH + (l—a) Lo + IBTS + SIRTARGET + Const. [1]

Where:

Py Power setting in dBm. This value corresponds
to a particular CCTrCH (due to CCTrCH-
specific SIRppeer) and a particular timeslot
(due to possibly timeslot-specific @ and
Iprs) «

Le-cceens Measure representing path loss in dB
(reference transmit power is broadcast on a
broadcast channel (BCH)).

Ly: Long term aﬁerage of path loss in dB.

Iprs: Interference signal power. level at cell's
receiver in dBm, which is broadcast on a BCH.

a: « is a weighting parameter that represents

the quality of path loss measurements. The

NAC1002
Page 296



WO 03/036816 PCT/GB02/04811

10

15

20

25

30

UTRA standard states: (i) a may be a function
of the time delay between the up-link time
slot and the most recent down link time slot
containing a beacon channel; (ii) a shall be
calculated autonomously at the UE, subject to
‘a maximum allowed value which shall be

signalled by higher layers.

SIRparger: Target SIR in dB. A higher layer outer loop
adjusts the target SIR.

Const.: This ‘constant’ value shall be set by higher

Layer (defined by respective operators) and is

broadcast on BCH.

In an annex of TS25.224 it is suggested that a could be

made a function of the “delay” between the instantaneous

path loss measurement Lp-ccpcH (where CCPCH is the Common

Control Physical Channel) and the up-link timeslot for

which the power control calculation is being made.

However, although a could be set to be a function of the
delay, or the up-link timeslot position in the frame, it
is up to each.equipment manufacturer how exactly to
configure this set up. Furthermore, it is not apparent
how power control performance can be usefully employed

when configuring @ in this manner.
A need therefore exists, in general, for an improved
power control arrangement and method of operation, and in
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particular, an arrangement and method for open-loop power
control for an UTRA-TDD system, wherein the

abovementioned disadvantages may be alleviated.

Statement of Invention

In accordance with a first aspect of the present
invention, there is provided a method for performing
power control in a wireless communication unit, as

claimed in claim 1.

In accordance with a second aspect of the present
invention, there is provided a wireless communication

unit, as claimed in claim 16.

In accordance with a third aspect of the present’
invention, there is provided wireless communication

system, as claimed in claim 19.

In accordance with a fourth aspect of the present
invention, there is provided a wireless communication

unit, as claimed in claim 21.

In accordance with a fifth aspect of the present
invention, there is provided a storage medium storing
processor-implementable instructions, as claimed in claim

39.
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In accordance with a sixth aspect of the present
invention, there is provided a differentiator, as claimed

in claim 40.

Brief Description of the Drawings

Exemplary embodiments of the present invention will now
be described, with reference to the accompanying

drawings, in which:

FIG. 1 shows a block diagram of a communication system

that can be adapted to support the various inventive

-concepts of a preferred embodiment of the present

invention;

"FIG. 2 shows a functional block diagram of a UE, adapted

in accordance with various inventive concepts of a

preferred embodiment of the present invention;

FIG. 3 shows a flowchart/funétional.biock.diagram of a
power control processing operation of a UE adapted to

incorporating the present invention;

FIG. 4 shows a block schematic diagram illustrating the
open-loop power control scheme on which the arrangement
of FIG. 3 is based;

FIG. 5 shows an alternative manner of illustrating the
power control processing function 209 of the embodiment
of FIG. 4; and
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FIG. 6 shows a block échematic diagram illustrating an
alternative embodiment for implementing the open