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t he signal received at the renote termnal is nmaintained at a particular
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power cont r & 8-rreéha€ﬁl ylart iplon@)t eggmmunicates  with another wuser through
transmissions on the forward and reverse links via one or more base
stations. The forward link refers to transmission from the base station to
20 the remote terminal, and the reverse link refers to transmission from the
remote terminal to the base station. The forward and reverse links are
typically allocated different frequencies.
In a Code Division Multiple Access (CDMA) system, the total
transmit power from a base station is typically indicative of the total capacity
25 of the forward link since data may be transmitted to a number of users
concurrently over the same frequency band. A portion of the total transmit
power is allocated to each active user such that the total aggregate transmit
power for all users is less than or equal to the total available transmit power.
To maximize the forward link capacity, the transmit power to each
30 remote terminal may be controlled by a power control loop such that the
signal ?1 as measured by the energy-per-bit-to-noise-plus-interference
ratio, ), of the signal received at the remote terminal is
maintained at a particular threshold or level. This level is often referred to
as the power control setpoint (or simply, the setpoint). A second power
35 control loop may be employed to adjust the setpoint such that a desired
level of performance, as measured by the frame error rate (FER), is
maintained. The forward link power control mechanism thus attempts to
reduce power consumption and interference while maintaining the desired
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2 SUMMARY OF THE INVENTION

The present invention provides power control techniques to
effectively control the transmit power of multiple transmissions in a
wireless communication system. In accordance with one aspect, a
transmitting source (e.g., a base station) receives a number of feedbacks from
25 a receiving device (e.g., a remote terminal) for power control of multiple
transmissions from the transmitting source. The feedback may comprise,
for example, one or more (coded or uncoded) bit streams, one or more types
of multi-bit messages, or a combination thereof. The bit stream may include
a primary power control sub-channel used to send a first metric (e.g., power
30  control command, erasure indicator bit, or quality indicator bit) for a first set
of channels (e.g., a fundamental channel), and a secondary power control
sub-channel] used to send a second metric for a second set of channels (eg., a
supplemental channel). Various power control modes are described herein,
with each mode defining a particular metric being sent for each supported

35 power control sub-channel.
The bits allocated for each power control sub-channel may be
aggregated to form one or more lower rate feedback sub-streams having
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BRIEF DESCRIPTION OF THE DRAWINGS

The features, nature, and advantages of the present invention will

20 become more apparent from the detailed description set forth below when

taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1 is a diagram of a spread spectrum communication system that
supports a number of users;

25 FIG. 2 is a diagram of a forward link power control mechanism that
implements some aspects of the invention;

FIG. 3A is a diagram of a reverse power control sub-channel defined
by the cdma2000 standard;

FIG. 3B is a diagram of various gated transmission modes for the

30 reverse power control sub-channel defined by the cdma2000 standard;

FIGS. 4A and 4B are timing diagrams for the transmissions of an
erasure indicator bit on a power control sub-channel based on a frame
received on the fundamental channel or dedicated control channel (FIG. 4A)
and the supplemental channel (FIG. 4B);

35 FIG. 5 is a block diagram of an adjustment of the setpoint to increase
the likelihood of correctly receiving a partial frame;

FIG. 6 is a flow diagram of a power control process maintained at a
base station in accordance with an embodiment of the invention; and
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Cel | ul ar Systent k’t‘ﬁ stergl asWéFﬁiEr‘&fm'Oﬂlﬁé 103 capples; tp bage sttions o daral
M ni mum St andaayl firther couple to a public switched telephone network (PSTN). System

controller 102 provides coordination and control for the base stations

20 coupled to it. System controller 102 further controls the routing of
telephone calls among remote terminals 106, and between remote terminals
106 and the users coupled to PSTN (e.g., conventional telephones), via base
stations 104. For a CDMA system, system controller 102 is also referred to as
a base station controller (BSC).

25 System 100 may be designed to support one or more CDMA standards
such as the "TIA/EIA/IS-95-B Mobile Station-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System” (the
IS-95 standard), the "TIA /EIA /IS-98 Recommended Minimum Standard for
Dual-Mode Wideband Spread Spectrum Cellular Mobile Station™ (the 1S-98

30 standard), the standard offered by a consortium named “3rd Generation
Partnership Project” (3GPP) and embodied in a set of documents including
Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214
(the W-CDMA standard), the "TR~45.5 Physical Layer Standard for cdma2000
Spread Spectrum Systems” (the cdma2000 standard), or some other

35 standards. Alternatively or additionally, system 100 may be designed to
conform to a particular CDMA implementation such as the HDR design
described in U.S. Patent Application Serial No. 08/963,385. These standards
and designs are incorporated herein by reference.
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20 For CDMA systems capable of transmitting on a number of channels
(e.g., two) to a particular remote terminal, improved performance may be
achieved if the transmit power of the transmission on each channel is
controlled. However, to minimize the amount of signaling on the reverse
link to support forward link power control, only a limited bit rate (e.g., 800
25 bps) is typically allocated for power control of multiple forward channels.

The power control techniques of the invention can be used for
various wireless communication systems that utilize multiple channels to
transmit to a particular receiving device. For example, the power control
techniques described herein can be used for CDMA systems that conform to

30 the W-CDMA standard, the cdma2000 standard, some other standard, or a
combination thereof. For darity, various aspects of the invention are
described below for a specific implementation in a cdma2000 system.

FIG. 2 is a diagram of a forward link power control mechanism 200
that implements some aspects of the invention. Power control mechanism

35 200 includes an inner loop power control 210 that operates in conjunction
with an outer loop power control 220.

Inner loop 210 is a (relatively) fast loop that attempts to maintain the

signal quality of a transmission received at the remote terminal as close as
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Outer loop 220 is a (relatively) slower loop that continually adjusts
the setpoint such that a particular level of performance is achieved for the
transmission to the remote terminal. The desired level of performance is
typically a particular target frame error rate (FER), which is 1% for some

25 CDMA systems, although some other performance target can also be used.
Alternatively, some other performance criteria can also be used, such as a
quality indicator.

For outer loop 220, the transmission from the base station is received
and processed to recover the transmitted frames and the status of the

30 received frames is then determined (block 222). For each received frame, a
determination is made whether the frame was received correctly (good) or
in error (bad). Based on the status of the received frame (either good or bad),
the setpoint may be adjusted accordingly (block 224). Typically, if a frame is
received correctly, the received signal quality from the remote terminal is

35 likely to be higher than necessary. The setpoint may thus be reduced
slightly, which may cause inner loop 210 to reduce the transmit power of the
transmission. Alternatively, if a frame is received in error, the received
signal quality at the remote terminal is likely to be lower than necessary.
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20 (e.g. a remote terminal) for power control of multiple transmissions from
the transmitting device. The feedback may comprise, for example, one or
more bit streams without forward error correction (FEC), one or more FEC-
protected bit streams, one or more types of multi-bit messages (with or
without FEC), or a combination thereof. The transmitting source then
25 adjusts the transmit power of the transmissions on the multiple channels
based on the received feedback.

As an example, the feedback from the receiving device can comprise
an uncoded bit stream as well as a number of different coded messages. The
bit stream may further comprise one or more sub-streams depending on, for

30 example, a particular one of a number of supported power control modes, as
described in further detail below.

In an embodiment, the bit stream includes a primary power control
sub-channel and a secondary power control sub-channel. The primary
power control sub-channel may be used to send power control information

35 for a first set of channels, e.g., a Forward Fundamental Channel (F-FCH) or a
Forward Dedicated Control Channel (F-DCCH) in the cdma2000 system. The
secondary power control sub-channel may be used to send power control
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20 Thus, as described in further detail below, the power control
information can be sent from the receiving device back to the transmission
source in various ways. The power control information can then be used to
adjust the transmit power of multiple channels based on various power
control mechanisms, again as described in further detail below.

25 FIG. 3A is a diagram of a reverse power control sub-channel defined
by the cdma2000 standard. As shown in FIG. 3A, the power control sub-
channel is time division multiplexed with a reverse pilot channel. The
transmission on this multiplexed channel is partitioned into (e.g., 20 msec)
frames, with each frame being further partitioned into (e.g., 16) power

30 control groups. For each power control group, pilot data is transmitted in
the first three quarters of the power control group and power control data is
transmitted in the last quarter of the power control group. The power
control groups for each frame are numbered from 0 through 15.

Table 1 lists a number of power control modes in accordance with a

35 specific embodiment of the invention. In this embodiment, the power
control sub-channel is divided into a primary power control sub-channel
and a secondary power conirol sub-channel. Each defined power control
mode corresponds to a particular configuration of the primary and



For exanple, the 400 bps power control sub-stream may be grouped inlﬂcz ALGI04
15 bps power control sub-stream This |ower rate sub-stream nay be used to
send, for awaoypéiesd erasure indicator bit (EIB) or quality pagiuSelagubdi t
(QB) of franmes on the channel associated with the power control
sub-stream The |ower rate sub-streamis transmtted in parallel wth the
ot her power control sub-stream 20 Thus,gas described in further detail

bel ow, the power control information can be sent fromthe receiving device
back to the sécondiys PoWer TOMUDE bﬁb\éﬁﬁhﬁél% WRYS theiR @ sHafR cﬁ:&’?&tﬁ?ﬁ as
|nfornat|on ha q§ sed le ust the transmt wer ofr mul'tiple
channel s bas PitHESE 1 ‘rol mechani snms, again as described in

further det a|I bel ow. 25 FI G 3Ais a diagramof a reverse power contr ol
sub-channel defined by the cdma2000 spapard. As shown in FIG 3A, the
power control sub- channel is time division nultiplexed with a reverse

pilot channpl. The  TT I oned
into (e.g., shbanpelfAllacationspar t i t i ondd
into (e.g., 15

pil ot data w2acpadary Powen Coplsoletubc dnt 1 ol
group and ppwesr o ; t i < lter of tlHe

for each frane arp numijer ed

wer Netrsuppprieshdes| i n

innn+inn Inf-ne
mIrveTrTu

|\113165;I7191t1(1 18,05i Ta?9 fower
and a secondary powgr control #Jlég r}ngl —ach

nmode clppesyzonds tjo BCpqrti cular “conf i’'gur ht PGn fof
2004 WD 01/ 61884 IPCT/ U 12 14eldondpry pdwer

power contrp
fromO thro
accor dance

enbodi nent ,
control sub}channe
defi ned power caoll ol

the primaryjand 0 2 Al

control sub}channel s andgtihei s, @geglyf BC9,qperatijon, as describedlin fyrther
det ai | bel o Ta@lle 1 e{ t ont Syb- c dorsppéitédcat | ons
Mode( Power e Groypsit SO 42PER: i nary Power  Cantrol Sechndar
Power Contr bl Sub- Sub- cmatnagisohans;evl 899 J, ,4,5,6,7,8,9,PC

'100° ZQI% Not supported

10, 11, 12, 13, 14, 15

101 0,2,46810,12,14 | QB | 1,3,57911,13,15 [ EB

110 0,24,681012,14 | PC | 1,35,7911,13 15 | EB

1171 Reserved Reserved

5 PC = power control command, EIB = erasure indicator bit, and
QIB-= quality indicator bit.

The power control data can be transmitted in various manners. In an
embodiment, when a gated transmission mode is disabled, the mobile
10 station transmits power control data on the power control sub-channel in
every power control group, as shown in FIG. 3A. And when the gated
transmission mode is enabled, the remote terminal transmits on the power
control sub-channel only in power control groups that are gated on.
FIG. 3B is a diagram of various gated transmission modes defined by
15 the cdma2000 standard. If the pilot channel is in gated mode, the remote
terminal transmits one power control sub-channel, and thus supports
FPC_MODE = ‘000", '011', or '100". And if the pilot channel is not gated, one
or two power control sub-channels may be supported. Specdifically, the
remote terminal transmits one power control sub-channel when
20 FPC_MODE = '000', '011', or "100°, and transmits two power control sub-
channels when FPC_MODE = "001', '010', '101, or '110' to support a
supplemental channel.
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15 When FPC_MODE = ‘001, the remote terminal transmits on the
primary power control sub-channel at 400 bps and on the secondary power
control sub-channel at 400 bps. The transmission on the primary power
control sub-channel can be via the even-numbered power control groups,
and the transmission on the secondary power control sub-channel can be

20 via the odd-numbered power control groups, as shown in Table 1.

When FPC_MODE = '010', the remote terminal transmits on the
primary power conirol sub-channel at 200 bps and on the secondary power
control sub-channel at 600 bps. The transmissions for these sub-channels
can be via the power control groups defined in Table 1.

25 When FPC_MODE = '011', the remote terminal transmits erasure
indicator bits (EIBs) on the power control sub-channel. The remote terminal
processes the transmission on a forward channel (e.g., the F-FCH, F-DCCH,
or F-SCH), determines whether frame i was received in error, and transmits
in frame i+2 an erasure indicator bit indicating whether data frame i was

30 received in error (i.e., the remote terminal transmits on the second 20 msec
frame of the reverse traffic channel following the corresponding forward
traffic channel frame in which the quality indicator bit or erasure indicator
bit is determined, as described below).

When FPC_MODE = '100', the remote terminal transmits the quality

35 indicator bits (QIBs) on the power control sub-channel. QIBs are similar to
ElBs if frames are detected, but are not all "up” if frames are not detected, as
EIBs would be. Thus, if the base station does not have any frames to
transmit on the forward link (i.e., except for the power control sub-channel,
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20 FPC_MODE = '101' is useful when the base station does not have
enough power headroom to dynamically respond to a faster power control
feedback from the mobile station. This mode is also effective when the F-
SCH is transmitted with a reduced active set (i.e., the F-SCH is transmitted
by a subset of sectors that transmits the F-FCH or F-DCCH).

25 When FPC_MODE = '110°, the remote terminal transmits on the
primary power control sub-channel at 400 bps, and transmits the erasure
indicator bit derived from a designated F-SCH on the secondary power
control sub-channel. The erasure indicator bit is transmitted in frame i+2
for received data frame i, as described below.

30 FPC_MODE = '110" allows for independent power control of the F-
FCH (or F-DCCH) and the F-SCH. The transmit power of the two channels
can be independently adjusted by the feedbacks on the respective power
control sub-channels. Mode '110' further supports a delta power control
mechanism whereby the transmit power of both channels is adjusted

35 together based on one power control sub-channel and the difference in
transmit power levels is adjusted by the other power control sub-channel, as
described in further detail below. With mode 110", the base station gains
faster feedback on the true quality of the F-SCH without incurring additional
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control sub-channels, and this is within the scope of the invention. For
example, the receiving device (e.g., remote terminal) may (1) periodically
send erasure information regarding the performance of a channel over a
time window together with power control commands on another channel,

25 or (2) send a quantity related to the amount of correction the transmitting
source (e.g., base station) should make to achieve the desired received signal
to noise ratio.

FIG. 4A is a timing diagram for transmission of an erasure indicator

bit on a power control sub-channel based on a frame received on the F-FCH

30 or F-DCCH. The received frame i is processed and a determination is made

whether the frame was received correctly or in error. The 16 power control

bits for frame i+2 on the power control sub-channel are set to "1" if the
received frame was bad and to "0" if the received frame was good.

The quality indicator bit sent when FPC_MODE is equal to ‘100" or

35 '101' can be defined in various manners. In an embodiment, if FPFC_MODE

='100" and the channel configuration selects the F-FCH (instead of the F-

DCCH), the remote terminal sets the power control bits on the power

control sub-channel during a 20 msec period to the quality indicator bit,
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20 Depending on the length of the frame on the F-SCH and the operating
mode, 32, 16, or 8 power control bits are sent on the power control sub-
channel, with the power control time duration corresponding to the frame
length on the F-SCH. These bits are set to "1" for a bad frame and to "0" for a
good frame.

25 In an embodiment, if FPFC_MODE = '101' or '110°, the remote
terminal sets the power control bits on the secondary power control sub-
channel during a period equal to the frame length of the designated F-SCH
to the erasure indicator bit. The erasure indicator bit is derived from the
designated F-SCH (e.g., channel 0 or 1), and is defined as follows:

30 ¢ The remote terminal sets the erasure indicator bit to ‘0' for a period equal

to the frame length of the designated F-SCH, starting at 20 msec after a
detected good frame on that F-SCH, as shown in FIG. 4B.
s Otherwise, the remote terminal sets the erasure indicator bit to '1" for a
period equal to the frame length of the designated F-SCH, starting at 20
35 msec after a frame on that F-SCH, as shown in FIG. 4B.
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value, or to the minimum setpoint if it falls below this value.
20

Inner Power Control Loop (Power Control Commands)
~ In an embodiment, when FPC_MODE is equal to "000°, ‘001", ‘010", or

110, the remote terminal supports a primary inner power control loop for
the F-FCH or F-DCCH. The selected channel can be either the E-FCH or F-

25 DCCH, depending on the parameter FPC_PRI_CHAN (e.g.
FPC_PRI_CHAN ='0' for the F-FCH, and FPC_PRI_CHAN ='1' for the E-
DCCH). When FPC_MODE is equal to '001' or '010", the remote terminal
also supports a secondary inner power control loop for the designated F-
SCH. The designated F-SCH can be either the first or second F-SCH,

30 depending on whether the parameter FFC_SEC_CHAN is equal to ‘0’ or ‘1’,
respectively.

For the inner power control loop of a selected forward channel, the
remote terminal compares the signal quality (e.g., Eb/Nt) for the channel
provided, generated by the inner power control loop, with the

35 corresponding target setpoint for the channel, generated by the outer power
control loop. The frame erasures and/or other decoder statistics on the
selected channel can be used to determine the target setpoint. Also, the
received signal quality of the selected forward channel can be determined
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embodiment, if the remote terminal reception is suspended for d msec in a
20 frame of length T msec, and if d is less than T/2, the remote terminal may
temporarily increase its setpoint value by a particular amount (ASP) for the
remainder of the frame to increase the likelihood of correctly receiving the
entire frame. The increase in setpoint (ASP) may be selected as:

ASPSI'I‘]O]OQ( :E ). | Eq(l)

25 At the beginning of the next frame, the use of the original setpoint may be
resumed. Other criteria for determining whether to increase the setpoint
and other setpoint increase values can also be used and are within the scope
of the invention.

FIG. 6 is a flow diagram of a power control process 600 maintained at a

30 base station in accordance with an embodiment of the invention, whereby
the F-FCH is used as an example. It should be understood that the F-DCCH
or other channels are equally applicable in the following description. Power
control process 600 is maintained for each remote terminal in
communication with the base station. At step 610, a determination is made

35 whether data is being transmitted on an F-SCH to the remote terminal. At
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B9 (1) SCH, (6) the difference between the current activity factor from which (1) is
derived and the expected activity factors for the F-FCH/F-DCCH and F-SCH

20 and (7) other factors.

The determination of the initial transmit power is described in
further detail in U.S. Patent Application Serial No. 09/675,706, entitled
"METHOD AND APPARATUS FOR DETERMINING AVAILABLE
TRANSMIT POWER IN A WIRELESS COMMUNICATION SYSTEM," filed

25 September 29, 2000, assigned to the assignee of the invention and
incorporated herein by reference.

Once transmission starts on an F-SCH, the base station selects a power
control mode that supports two power control loops (or delta power
control), at step 616. For example, the base station may select FPC_MODE =

30 '110" which supports a 400 bps sub-channel for the up/down feedback on the
F-FCH/F-DCCH and a 50 bps sub-channel for erasure indications on the F-
SCH. Other FPC_MODEs may also be selected by the base station such as
modes ‘001, ‘010', or "101' shown in Table 1. The selected mode is signaled
to the remote terminal.

35 Thereafter, the base station receives feedbacks from the remote
terminal, at step 622. Depending on the selected power control mode, the
received feedbacks may comprise power control commands (e.g., up/down
commands), erasure indicator bits, or quality indicator bits for each power

!
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20 the primary power control sub-channel and further ad]usts the transmit

power of the F-SCH based on the feedback received from the secondary

power control sub-channel. Various power control modes may be used in

conjunction with the first power control mechanism, including modes

'001°, '010°, "101' and'110'. For example, for power control mode '110‘, the

25 transmit power of the F-FCH (or F-DCCH) can be adjusted up to 400 times

per second with the primary power control sub-channel and the transmit

power of the F-SCH can be adjusted at 50/25/12.5 times per second with the

secondary power control sub-channel.

In a second power control mechanism (which is also referred to

30 herein as a delta power control mechanism), the base station adjusts the

transmit power of the F-FCH/F-DCCH and the F-SCH together based on the

feedback received from one power control sub-channel, and further adjusts

the difference in transmit power (i.e., power delta) of the F-FCH/F-DCCH

and F-SCH based on the feedback received via a second means. The feedback

35 for the power delta can be received via the secondary power control sub-

channel or via messaging between the mobile station and base station (e.g.,

an Outer Loop Report Message or a Power Strength Measurement Message).
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In a second implementation of the second power control mechanism,

20 which may, also utilize power control mode '110° in Table 1, the slower
feedback is set at a particular rate based on the frame rate on the F-SCH. For
example, the 400 bps allocated for the slower feedback may be aggregated into
50, 25, or 12.5 bps for frame rates of 20, 40, or 80 msec, respectively.

In a third implementation of the second power control mechanism,

25 the base station adjusts the transmit power of the F-FCH (or F-DCCH) based
on the feedback received on the power control sub-channel, and the
transmit power of the F-SCH can be tied to that of the F-FCH. The power
delta between the F-FCH (or F-DCCH) and the F-SCH can be adjusted, for
example, by use of messaging via, for example, the Outer Loop Report

30 Message or the Power Strength Measurement Message.

In a third power control mechanism, the slower feedback is used to
indicate a number of metrics for the F-SCH, one of which may be the
erasures on the F-SCH. For example, when the F-SCH is operated in 40 msec
mode (i.e., the frame rate is 40 msec), a 50 bps erasure indicator may be sent

35 along with a 50 bps indication to show whether there is more than enough
received power for the remote terminal to decode the F-SCH when there is
no erasure. The second indication allows the base station to reduce the
transmit power of the F-SCH if sufficient margin exists. And when there is
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power contro Char cteristics, and each may be better suited for a partlcular
20 set of operating conditions. Thus, the particular power control mechanism
selected for use may be dependent on various factors such as, for example (1)
whether the F-FCH/F-DCCH and F-SCH are being transmitted from the
same set of base stations (i.e., full active set for the F-SCH), (2) whether the F-
SCH is transmitted at a fixed or variable data rate, and some other factors.
25 Some sets of operating conditions and the applicable power control
mechanisms are described below.

Similar O ine Conditi
If the F-FCH (or F-DCCH) and the F-SCH are operated under similar

conditions, the fading on the two channels is similar and their transmit

30 power may be similarly adjusted. Similar operating conditions may occur if

the mobile station is not in soft handoff or when the F-FCH (or F-DCCH)

and the F-SCH are transmitted by the same set of base stations (i.e., the

channels have identical active sets) in soft handoff. For this scenario,
various power control modes can be used as follows:

35 e With power control mode ‘000", the 800 bps feedback on the F-FCH (or F-

DCCH) can be used to adjust the transmit power of that channel, and the

transmit power of the F-SCH can be "ganged” with that of the F-FCH/F-



derived fromthe F-SCH. The transmit power of the F-SCH may thus be(Z AUG 2004
(effectively) independently adjusted up to 50 tinmes a second based on the
50 bps fedO&YKI884 N a second i npl enentation of the secondppewsdi/espi ol
mechani sm 20 which may, also utilize power control node '110' in Table 1,
the slower feedback is set at a particular rate based on the frane rate on
the F-SCH. For exanple, the 400 bps all ogated for the slower feedback may
be aggregated into 50, 25, or 12.5 bps for franme rates of 20, 40, or 80

nsec, respecti VBOCH. Tha powercdéltibawreh ahé TOFCH /FIOCEEE 2hd ‘?Q‘t@ﬁ%‘:@o 0'( r
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the renote term ngﬁsw?ﬁ;&gﬁ%o‘gg?%hg{%-%%hﬁ e e?ﬁgﬁggﬁ'én § %’r"é%ruéjcg‘\.,'\?qlh‘ép
second i nHl cat i b8 ESCaks Alse, ihithe dransmission ondhecF-5RE is nehsmirtimows  of
the F-SCH if sufill Ghuerety) ivedsEtpdihes tor &éém%ﬂnn{alf '
01/ 61884 PCTI usqfo/o484?)t#g iééa ure on the,F: SCH, E%ﬁ%%ﬁgﬁf@pég%ﬁfe
used, for exanpPBiSep ot g Ansmissione  apd o becormes;1lgss pifeckivgs when nthease
the transmt powmensrhission lreswgmesr small step. Alternatively, the second 50
bps sub- changel g ':Frl]gj atg L 4 res. on_a second F-SCH.
The nunber_ of b‘ﬁigp ‘S‘F’g’agﬁz’é‘é‘t‘ﬁ or %%he(ﬁér}&ffeﬁlﬁfjdi StBPYE ARG Bﬁﬁ%en a
second i cat ondicatgre bits, respectivelys ¢an pewsed doradjust theb trenammitipower af |
fourth power cotherPFCREEIFNDRITH).NBlowevas the feiMEk k& Yas (A uehbpagﬁ"ﬁgﬂ 'S
adj ust ed basedFlon t he iaecel.xﬁd f eedback on one poi.ah%rqﬂ}gontré‘9 sub- ¢channel
and the F- FCH FOPRBEdelayd, ofBG; transmuy, POWEE f; e 5°CH e pstedeia o
the transmt pomessagimgl of the F-SCH In this enbodinent, the 800 bps
feedback i's J9ONGHAYSSIwb Eon@of MBRE ‘T0P Rhe PRURTE POWEHRRO%e BRH/E-
20 DCCH and F-SCH can be independently adjusted.
¢ Power control mode 110 supports the delta power control mechanism
described above and a dual-loop control. The 400 feedback can be used to
adjust the transmit power of the F-FCH/F-DCCH and the slower feedback
can be used to adjust the power delta or the transmit power of the F-SCH.
25 This mode provides reduced feedback delays than with the messaging
described above.

- ith Vari y
If the F-FCH and the F-SCH are operated with the same active set in
soft handoff (i.e., the same base stations transmit on both channels) but the
30 data rate on the F-SCH is variable, then various power control modes can be
used as follows:
¢ Power control mode '000' can be used as described above. However, it
may be difficult to accurately adjust the transmit power of the F-SCH for
each data rate since the erasure information sent via messaging is
35 typically not matched to the actual data rate.
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20 If the F-SCH is operated with a reduced active set when the F-FCH/F-
DCCH is in soft handoff (i.e., fewer base stations transmit on the F-SCH than
the F-FCH or F-DCCH) and the data rate on the F-SCH is fixed, then various
power control modes can be used as follows:
o Power control modes "000', '011', and '100' are not as effective in this

25 scenario since the fading on the two channels is likely to be different due
to the two different active sets and no feedback is provided for the F-SCH.

¢ Power control modes ‘001' and ‘010’ may be used, but may not be
effective if the data rate on the F-SCH is low or if the transmission on the
F-SCH is bursty.

30 e Power control modes '101' and '110° can be used to implement two
power control loops using the two feedback sub-channels, which will
likely provide improved performance over the delta power control
mode because of the fading difference.

R . wi . 3
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transm ssion resunes. Wth power control nodes '011' and '100", the
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erasure 1ndi Galolitod,' encoded) by a transmit (TX) data 712. Th d
, processor 712. The processe
data is then provided to a modulator (MOD) 714 and further processed (e.g.,
covered with a cover code, spread with short PN sequences, scrambled with
20 along PN sequence assigned to the recipient remote terminal, and so on).
The modulated data is then provided to an RF TX unit 716 and conditioned
{e.g., converted to one or more analog signals, amplified, filtered, quadrature
modulated, and so on) to generate a forward link signal. The forward link
signal is routed through a duplexer (D) 722 and transmitted via an antenna
25 724 to the remote terminal(s).

Although not shown in FIG. 7 for simplicity, base station 104 is
capable of processing and transmitting data on one or more forward
channels (e.g., the F-FCH and one or more F-SCHs) to a particular mobile
station. The processing (e.g., encoding, covering, and so on) for each

30 forward channel may be different from that of other channel(s).

FIG. 8 is a block diagram of an embodiment of remote terminal 106.
The forward link signal is received by an antenna 812, routed through a
duplexer 814, and provided to an RF receiver unit 822. RF receiver unit 822
conditions (e.g., filters, amplifies, downconverts, and digitizes) the received

35 signal and provides samples. A demodulator 824 receives and processes
(e.g., despreads, decovers, and pilot demodulates) the samples to provide
recovered symbols. Demodulator 824 may implement a rake receiver that
processes multiple instances of the received signal and generates combined
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receive erasure indicator bits from receive data processor 826 for a
transmission on a F-SCH. For each frame period, receive data processor 826
may provide to power control processor 830 an indication whether the
20 received frame is good or bad, or that no frame was received. Power control
processor 830 may receive quality indicator bits from demodulator 824, or
some other metrics from demodulator 824 and/or receive data processor
826. Power control processor 830 then sends the received power control
information on another power control sub-channel via the reverse link to
25 the base station.
On the reverse link, data is processed (e.g., formatted, encoded) by a
transmit (TX) data processor 842, further processed (e.g., covered, spread) by a
modulator (MOD) 844, and conditioned (e.g., converted to analog signals,
amplified, filtered, quadrature modulated, and so on) by an RF TX unit 846
30 to generate a reverse link signal. The power control information from
power control processor 830 may be multiplexed with the processed data
within modulator 844. The reverse link signal is routed through duplexer
814 and transmitted via antenna 812 to one or more base stations 104.
Referring back to FIG. 7, the reverse link signal is received by antenna
35 724, routed through duplexer 722, and provided to an RF receiver unit 728.
RF receiver unit 728 conditions (e.g., downconverts; filters, and amplifies)
the received signal and provides a conditioned reverse link signal for each
remote terminal being received. A channel processor 730 receives and




difference. Also, the erasure indicator bit provides individual feeg@hagl 116
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RF receivgS Wkdvare, or a combination thereof. For a hardware implementation, the
elements in the power control can be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors
(DSPs), programmable logic devices (PLDs), controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions
25 described herein, or a combination thereof.

For a software implementation, the elements in the power control
can be implemented with modules (e.g., procedures, functions, and so on)
that perform the functions described herein. The software code can be
stored in a memory unit and executed by a processor (e.g., transmit power

30 control processor 710 or 830).

Although various aspects, embodiments, and features of the power
control of the invention have been described for the forward link, some of
these power control techniques can be advantageously applied for the
reverse link power control. For example, the power control for the reverse

35 link can be designed to control the transmit power of a number of
concurrent transmissions.

The foregoing description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.
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25 the base station. On the reverse link, data is processed (e.qg.,
formatted, encoded) by a transmt (TX) data processor 842, further
processed (e.g., covered, spread) by a nodulator (MOD) 844, and
conditioned (e.g., converted to analog signals, anplified, filtered,

guadr ature nodul ated, and so on) by an RF TX unit 846 30 to generate a
reverse link signal. The power control information from power contro
processor 830 may be multiplexed with the processed data w thin nodul ator
844. The reverse link signal is routed through duplexer 814 and
transmtted via antenna 812 to one or nore base stations 104. Referring
back to FIG 7, the reverse link signal is received by antenna 35 724,
routed through dupl exer 722, and provided to an RF receiver unit 728. RF
receiver unit 728 conditions (e.g., downconverts, filters, and anplifies)
the received signal and provides a conditioned reverse link signal for each
renmote term nal being received. A channel processor 730 receives and 0 2
AUG 2004 WD 01/61884 PCT/ US01/ 04844 24 processes the conditioned signa
for one renote termnal to recover the



transmtted data and power control information. A power contr ol Pr oCqss Rfi6 2004
710 receives the power control information (e.g., any conbi nati on of "power
control commands, erasure indicator bits, and quality indicator bits) and 5
generates one or nore signals used to adjust the transmt power of one or
nore transm ssions to the nobile stati@a. Back in FIG 8, power control
processor 830 inplenents part of the inner and outer | oops described

above. For the inner |oop, power corttimMsprocessor 830 receives the
measured signal quality and sends a sequence of 10 power control comrands,
whi ch can be sent via a power control sub- channel on the reverse |ink. For
the outer | oop, power control processor 830, recei%es th 'nqic?tio of

[
good, bad, or nb& frafte metkd dat adpisteg dwnsmih gowey levely ¢t 2 RIKRIGL Q80 nt
for the reppte.: :ngl rﬁlln' BfiinYeati I AGLEOl processor
710 al so igp&'sglrlrgésﬁdglggﬁ@%{sgf e po&%}lbg?ﬁkﬁltﬂi %‘gg‘\gﬁfgm escrli bed above.
Power control preoeiefga firdlidicaten vEsrecéiged quatity abmfirsbtransmisspommat i on on t he

power control suh-channel (s) and accordingly.adjusts., the transmt .power of

one or nore traffyHFINE; %ﬁs"(apé‘n{tﬁ@%g?‘feg ogg]é‘%/ ﬁﬁ‘ﬁ.“a#ﬂﬁlsﬁ‘%&a“éf)‘?ﬁgﬁ“ f the

i nvention ?ﬁ—ﬂoﬁﬁlegﬂpﬂiﬁﬂﬁﬁﬁ(ﬁp by various neans. For exanple, power control
W t

can be inplenente ardware, 20 software, or a conbination thereof.
For a hardware fesgivingemseondindicdtmnaifenmsutived quality of avseconsbiransalissiem be
i npl emented. within one or nore .application specific integrated, cirguits
(A Coy 1 avipien e SR oreksa if Bmeaduatieghite a uatl Toglctghiefos
(PLDs), cofy:r&QldbsdiStor etefoAinsRidsRSand M Croprocessors, other el ectronic
units designed to performthe functions 25 described herein, or a
conbi nati on t headjustingrthe transmoit poaerlevelifdhesacand tansmipsiorebased @t leastint he
power contr%cﬂ] g%n bedi.nﬁl etrrent ed with nodules (e.g., procedures,
f uncti ons, PHhE" SS?'Bn i 1z‘i‘?’wﬂlmformthe functions described herein. The
software code can be stored in a nenory unit and executed by a processor
(e.g., transmt _power 30 control processor 710 or_830). Although various
aspects, enbodi Fent sThametiodafiplaim biwherein tesByst indingtip comprisesa RPANREnt i on
have been i fqr I Nk, f S . ol
t echni ques 9‘%‘3%5 5 §%§lc?\l} g ntP%‘g‘Z‘S &g{eﬁ%ﬁ eiIr gg l?%%g? k?g de‘rnrg%r @8 Q%ﬁmi}%&g&{r
control . FRieloofahpfist trafiwmipgover control for the reverse 35 |link can be
designed to control the transmt power of a nunber of concurrent
transm ssions. The foregoing description of the preferred enbodi nents is
provided to engble Ffy RRAOSY Gkl befhérint M Bhimh PoWRK Fevels dRe RS
present | nventi on.

and second transmissions are adjusted together based on the power control command.

4, The method of claim 3, wherein a difference between the transmit
power levels of the first and second transmissions is adjusted based on the second

indication.

5. The method of claim 2, wherein the power control command is
generated based on a comparison of the received quality of the first transmission

against a setpoint.

6. The method of claim 1, wherein the transmit power levels for the first
and second transmissions are adjusted based solely on the first and second indications,

respectively.
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enbodi nents will be readily apparent to those skilled in the art, and the
generic principles defined herein nay be applied to other enbodi nents

wi t hout the use of the inventive faculty. Thus, the present invention is
not intended to be [imted to the 5 enPddi nents shown herein but is to be
accorded the w dest scope consistent wth the principles and novel
features disclosed h [ I S; ; 1. A
met hod for adj uZ‘ti ng%?aﬁ%%mgo@& @v%{Fgeo S%&Bﬁu@g? F’lt%@pgcfo %{1 %‘ﬁsk‘hnﬁs ssi ons
in a wrel easure dndivator it odicayiag ewhethdrea rfetniodn ahensedond nyansmassion/ wag a
first indication of received quality of a first transm ssion; adjusting
t he transnf*cey TT4CEY OF §¥TThe first transni ssion based at least in part
on the first indication; receiving a second indication of a received
quality of a second transm ssion, wherein the second indication is fornmed
by aggregating & pl ulTh¢ itethodfofluildis Blwlereih eeconfl dnditatecthaaprises a ghalityecond
transm ssion; and.adj.usting the transmt wer .l evel of, the second

t ransni ssiB‘H“’B@é 4 1agicqt e Apality gf # reGRIve TA0E AR F SPERTILIANSISIon: The

met hod of claim11, wherein the first indication conprises a power control
command that indicates whether to increase or decrease the transmt power

| evel of the fi%st tibeswetiediofalain. ], firtherrearhprising: cl ai m 2, wherein the
transmt power |evels of . the first nd second transm ssiagns are adj usted
ogether based BrehE Hais et of Griyed Auelifioshe: i BrRuRufil 5
wherei n a @hékRl ABARIrd AidQRI0n tid orifed by HghregR@YES pheN&Y of Blts tallcdtdd fr and
second transmi ssions is adjusted based on the second indication. 5. The
met hod of feedbask Zor thp sgaond tiahsmissigrirandont rol command is generated based on

a conparison of t.he.receive ual.i e fir nsm,;ssi pnst a
setpoint. 6. Th%éjprﬁﬂgo@e W%Pgipr%wf? ¥W%LP%FW t{hf{g’%{arn%ﬁﬁgsﬁ% ? bg‘%g?‘ F%\gghs for
the first pahen gReRIAd iddicsa] ssi ons are adj usted based solely on the first
and second indications, respectively.
10. The method of claim 1, wherein the first indication is received via a
first power control sub-channel and the second indication is received via a second

power control sub-channel.

11.  The method of claim 10, wherein the first and second power control

sub-channels are formed by time division multiplexing a power control channel.

12. The method of claim 10, wherein a combined bit rate of the first and

second power control sub-channels is limited to a particular bit rate.

13.  The method of claim 10, wherein bits allocated for the second power
control sub-channel are aggregated to form the feedback for the second transmission

at a lower rate but having increased reliability.

14. The method of claim 13, wherein the feedback rate of the second

transmission is based at least in part on a frame size of the second transmission.



0 2 AUG 2004 27 7. The nethod of claim 1, wherein second indication [)2 AUG 2004
conprises an erasure indicator bit indi catl ng whether a franme in th

second transm ssion was received correctly or in error. 8. The net hod of
claim1l1, wherein second indication conprises a quality indicator bit
indicating the quality of a received fegnme in the second transm ssion. 9.
The nmethod of claim1l, further conprising: recei ving a third indication of

a received qualjiy o S e todhgation
is formed by agiggr egairl %éﬁée?lh%fura ml§ |ts \(ﬁél i;eggl%hg h?éﬂf?&eg{)hggﬁ for
the SeC0ndtrir[s&ﬁﬁiﬂr&Sls@llctabladromdameng mgettolﬁpossﬂﬂe\ﬁemdbackomes | evel of the
third transm ssion based at least in part on the third indication. 10. The
met hod of claim1, wherein the first indication is received via a first
power control syb-ch n i i i V-

second power contro?ﬂ‘gt% Lﬁ1]Etgnne alﬁﬁcli@ T gpangﬁﬁﬁ)dﬁg?ﬂﬁpgﬁgnplfg%\}h%%el n the
first and cmnnelds ppaativectorstndh plusalily ofimatrizs forahesdcondrtrandoyissiome di vi si on

mul ti pl exi ng a power control channel. 12. The nethod of claim 10, wherein a
conbined bit rate of the first and second power control sub-channels is
limted to a pajjiCulrgg xﬁéthocr Freclaits 16 hePdh N Of tiel BiuRIP. ofWRREREN i t's
al located for the second power control sub-channel are a%_gregat ed to form
the feedbaikicats 4 Istepssicorfdr tadmstmint sifothe wansmit power devek Touthen sedond
increased reliability. 14. The method of claim 13, wherein the feedback
rate of thEIBBESRP: transnission is based at least in part on a frame size
of the second transm ssion. 0 2 AUG 2004 28 15. The nethod of claim 13,
wherein the feedback rate of the second transmission is selectable from

among a set of pssi Bhe maskehaf klaimt s wheseinTune Qfeﬂlﬁdﬂ“féh%i’fémm@ iswher ei n

t he second. [ u e r €y ty of

metrics fo‘xﬂ{c}\%ﬁvgépgﬁ 8%9}“3%55}3%“ &glﬁgﬁl Jhﬁéceﬁi%ﬂ %ﬁ? c}{ tﬁ? Hé‘“{s\%?iér ein

one of thefg@hyfadmdatafiire.metrics indicates a step size for adj ust nent of

the transmt power |evel for the second transm ssion. 18. The net hod of

claim 16, wherein one of the plurality of nmetrics is indicative of an

?F‘;ﬁ;‘t e‘r’gsgf”eg' o1 N THE B ot<ThifhUR ! Wilefeifl thd PreRECUMINbSiBATIN §3tefiits TOr NO
a CDMA system that conforms to cdma2000 standard or W-CDMA standard, or both.

20. A method for adjusting transmit power levels of a plurality of
transmissions in a wireless communication system, the method comprising:

receiving and processing a first transmission to determine a received quality of
the first transmission;

forming a first indication for the received quality of the first transmission;

receiving and processing a second transmission to determine a received quality
of the second transmission;

forming a second indication for the received quality of the second
transmission; and

sending the first and second indications via first and second power control
sub-channels, respectively, and

wherein the second indication is form by aggregating a plurality of bits

allocated for feedback for the second transmission.

21.  The method of claim 20, further comprising:




19. The nethod of claim 1, wherein the wirel ess comuni cation systemf§$ AU8 2004
CDVA systemthat confornms to cdna2000 standard or WCDMA standard, or both
20. A nmethod for adjusting transmt power levels of a plurality of

transm ssions in a wireless comunication system the nmethod conpri sing:
receiving and processing a first transpyssion to determ ne a received
quality of the first transmssion; formng a first indication for the

recei ved qualit t oS Sibdh i hpg a
econd t ranem s il g dlon dRRIRCASHAM in HEfeBYIIPA MoR AL LS

transni ssi first trhesmisign;andecond i ndication for the recei ved quality of the
second transm ssi nd sending the first and segg)lI Edl cations. via

first and secon$ Wgrtagawqcaq:ase RedFansml Rower ley be fiyst LanMIZRORei n t he
second 'ndifffﬁé%&%érﬁofftﬁé EHtQ¥uﬁBﬂﬁ§H>§§ih@ﬂa%aﬁicha@hh{egneﬁBd.b' ts allocated for
f eedback for the second transm ssion he nmet hod of claim 20, further
conprising: 0 2 AUG 2004 29 determ ning a duration of an interruption in

t he receiving eSSI f|r totr nsm ion; ing for
an increase in tﬂgdeI;\é rF‘e%/IeIW B Pgtl$ %Qdmesdigi'}atlh ®if the
duration Ofurhfiéh bﬂ&@ﬁﬁt@ﬂhpt%h is Jeds ¥ csrfbalualacon@rﬂd pedlodlof bi filnd R theirst22. The
nmet hod of claim 21, wherein the signaling is perforned if the duration of
t he mterrt!lmsmjﬁldﬂs | ess than or equal to half a period of a frane in the
first transm ssion. 23. The nmethod of claim 21, wherein an anount of
increase in the transmt power level for the first transm ssion is based
on the duration2mpf tﬂrﬁehﬁﬂﬁﬁrdmldlmmamereim AR6UNGf dfcrénsé (rpale tafsthite first
transm ssion. 24. A power control unit for use in a wreless cormunl cation

system  cBOMRTileyel dor tedirgtnisansanissian iy basessan tgwlvration;of e iterruplienagdr ecei ve
and pr oces&l[e%eﬁ?&gf‘ ﬂ%&x@%ﬁ]e%ﬁ%t%%ﬂnm%fo vide a first indication for a first
metric for € TIFS ransm ssion;, ata processor operative to receive
and process a second transm ssion to provide a second indication for a
second nmetric for the second tr nsm sion;, a pawer control processor

coupled to the %‘fgnaiA Bewer £9n 03 (WIEEHGSS GORUMVPieation, YSERS or | t he
power contgal essor operatlve to direct transmssion of the first and
second i ndi ca? > on first and second power control sub-channels,

a signal quality measurement unit operative to receive and process a first
transmission to provide a first indication for a first metric for the first transmission;

a data processor operative to receive and process a second transmission to
provide a second indication for a second metric for the second transmission;

a power control processor coupled to the signal quality measurement unit and
the data processor, the power control processor operative to direct transmission of the
first and second indications on first and second power control sub-channels,
respectively, and

wherein the second indication is formed by aggregating a plurality of bits

allocated for feedback for the second transmission.

25. A power control unit within a base station in a wireless communication
system, comprising:

a channel processor operative to receive and process a received signal to
recover a first indication of a received quality of a first transmission and a second

indication of a received quality of a second transmission, wherein the second



respectively, and wherein the second indication is formed by aggregat{ pcayé 2004
plurality of bits allocated for feedback for the second transm ssion. 25.

A power control unit within a base station in a wireless comrunication
system conprising: a channel processor operative to receive and process a
received signal to recover a first in@Dcation of a received quality of a
first transm ssion and a second indication of a received quality of a

second tr apida5sh 4 forfed rblﬂ;»i aggl&ég%ﬁﬁgsmaﬁry%m@ A0sed%or REANRK ifothes

formed by aggregating a plurality of "bits allocated for feedback for the
second tr assond shmsmission aadpower control processor coupled to the channel

processor and operative t receive t fiyst. and second indicat.i and
provi de one or Ad 3’3_{:8%@%0?353%0‘10&2@8 P rtg%gl?ﬁn_fle ?s?revgldépeg#thi%&@ first
and seconddctRBIRE fifsk ARG secdfid indigations AR p@ividel chieor moréftefr@iands keadjastpoi nt
i s adjusted based on the received quality of the first transm ssion. 27.

The met hodtrefismt powerdevekhel the firstaad secopd trausmissianfi ust ed upward responsi ve
to the received quality of the first transm ssion being greater than the
setpoint. 28. The method of claim5, wherein the setpoint is adjusted
downward respongi veThe midiod 6C6hined, Glialeid sheGktpolin if hdjusted baseinors theon
being I ess than the setpoint. 29. The nethod of claim 27, wherein the

set poi nt i secaiypd apdily abeiFidrans®issioisi ve to the received quality of the
first transm ssion being |l ess than the setpoint. 30. The nethod of claimb5,
wherein a period between adjustnents in setpoint is adjustable. 31. The
met hod of clai n227, Whermkthod ¢feciaim Hetvherein thec sepaint ds adivsted upeiandst nent s

in the setpoint is adjustable. 32. T t hod of. claim 28, wherein,a period
bt woen' S UBSBEASALO dSuTAREIEN ARt Hoeoish CSBTBIONAR TP EaljeRet Arottesh  The
met hod of gétglit,im_zg, wherein the anount of upward adjustnent in setpoint is
i ndependent the anobunt of downward adjustnent in setpoint.

28.  The method of claim 5, wherein the setpoint is adjusted downward

responsive to the received quality of the first transmission being less than the setpoint.

29.  The method of claim 27, wherein the setpoint is adjusted downward

responsive to the received quality of the first transmission being less than the setpoint.

30. The method of claim 5, wherein a period between adjustments in

setpoint is adjustable.

31.  The method of claim 27, wherein a period between successive upward

adjustments in the setpoint is adjustable.

32. The method of claim 28, wherein a period between successive

downward adjustments in setpoint is adjustable.

33.  The method of claim 29, wherein the amount of upward adjustment in

setpoint is independent of the amount of downward adjustment in setpoint.



