FYNINLLLY N LN L Vikds

) B D §

International Bureau

AINAAL 1UIN D 1 VINJIAAUINALESY A IVAN

o

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Q1)) International Patent Classification 7 :

HO04B 7/005 Al

(11) International Publication Number:

(43) International Publication Date:

WO 00/57574

28 September 2000 (28.09.00)

(21) International Application Number: PCT/USQ0/07476

(22) International Filing Date: 22 March 2000 (22.03.00)

(30) Priority Data:

60/125,417 22 March 1999 (22.03.99) US
60/136,556 28 May 1999 (28.05.99) US
60/136,557 28 May 1999 (28.05.99) Us

(71) Applicant (for all designated States except US): INTERDIG-
ITAL TECHNOLOGY CORPORATION [US/US]; Suite
527, 300 Delaware Avenue, Wilmington, DE 19801 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ZEIRA, Ariela [US/US];
8 Old Oak Road, Trumball, CT 06611 (US). OZLUTURK,
Fatih, M. [TR/US]; 70 Willowdale Avenue, Port Washing-
ton, NY 11050 (US). SHIN, Sung-Hyuk [KR/US]J; 1531 8th
Street, Fort Lee, NJ 07024 (US).

(74) Agents: VOLPE, Anthony, S. et al.; Volpe and Koenig,
P.C., One Penn Center, Suite 400, 1617 John F. Kennedy
Boulevard, Philadelphia, PA 19103 (US).

(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, IP,
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, SE, SG, SI, SK, SL, TJ, T™M, TR, TT, TZ, UA, UG,
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE,
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: COMBINED CLOSED LOOP/OPEN LOOP POWER
SYSTEM

CONTROL IN A TIME DIVISION DUPLEX COMMUNICATION

RECEIVING

SPREADING AND
TRAINING SEQUENCE
INSERTION DEVICE

SPREADING AND
TRAINING SEQUENCE
INSERTION DEVICE

COMBINED CLOSED/OPEN
LOOP POWER CONTROLLER

STATION —

ESTIMATION
DEVICE

TRANSMITTING -
STATION _92

POWER MEASUREMENT [
{ DEVICE J:]
i
PATHLOSS ESTIMATION

)

DEVICE DEVICE

DATA ESTIMATION

tox

TA

TRANSMIT POWER
CALCULATION DEVICE

DA’ SPREADING AND
GENERATOR || TRAINING SEQUENCE
INSERTION DEVICE

Sog

(57) Abstract

second communication having a transmission power level in a first
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Combined closed loop/open loop power control controls transmission power levels in a spread spectrum time division duplex
communication station. A first communication station (50) receives communications from a second communication station (52). The
first station transmits power commands based on in part a reception quality of the received communications. The first station transmits a

time slot. The second station receives the second communication and

the power commands. A power level of the second communication as received is measured. A path loss estimate is determined based on in

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

power commands. The factor is a function of a time separation of the
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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
asystemand method for controlling trénsmission power within TDD communication

5 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 30, to a UE 32, are referred

10 to as downlink communications and communications transmitted from a UE 32, to
a base station 30, are referred to as uplink communications.

In addition to communicating over different frequency spectrums, spread
| spectrum TDD systems carry multiple communications over the same spectrum. The
multiple signals are distinguished by their respective chip code sequences (codes).

15 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 communication 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
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combination of a single code 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. 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 timé slot and 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) ahd 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, a reference downlink communication and the transmission power level of that
communication. The UE 32, 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.

-
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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 (SIRsrger)- Based on the comparison,

5 the base station 30, transmits a power command, bp.. After receiving the power
command, the UE 32, increases or decreases its transmission power level based 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,

10 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 100 cycles per second which is not sufficient for fast fading
channels. Open loop power control is sensitive to uncertainties in the uplink and

15 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 =Pgs(n) +L Equation 1

20 Pys (n) = Pyg (0-1) + bppe Aqpe Equation 2
1. if SIRss < SIR rarcer .

T Equation 3
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