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BACKGROUND
Field
[1002] The present invention relates generally to communications, and more
specifically to a novel and improved method and apparatus for power control of

serving and non-serving base stations.

Background

[1003] Wireless communication systems are widely deployed to provide
various types of communication such as voice and data. These systems may
be based on code division muiltiple access (CDMA), time division multiple
access (TDMA), or some other multiple access techniques. A CDMA system
provides certain advantages over other types of systems, including increased

system capacity.
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Interference ratio (C/l) from the mobile station, very fast scheduling, and
scheduling for services that have more relaxed delay requirements. An
example of such a data-only communication system using these techniques is
the High Data Rate (HDR) system that conforms to the TIA/EIA/I1S-856 standard
(the 1S-856 standard).

[1006] In contrast to the other above named standards, an 1S-856 system
uses the entire spectrum available in each cell to transmit data to a single user
at one time, wherein the user is selected based on link quality and other
considerations, such as data pending, etc. In so doing, the system spends a
greater percentage of time sending data at higher rates when the channel is
good, and thereby avoids committing resources to support transmission at
inefficient rates. The net effect is higher data capacity, higher peak data rates,
and higher average throughput.

[1007] Systems may may incorporate support for delay-sensitive data, such
as voice channels or data channels supported in the 1S-2000 standard, along
with support for packet data services such as those described in the 15-856
standard. One such system is described in a proposal submitted by LG
Electronics, LSI Logic, Lucent Technologies, Nortel Networks, QUALCOMM
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proposal , the base station generally transmts to one nobile station on
the F- PDCH ISt260Q iRedeassl Dhibiroyighrinpackalr servgpsbeTypically, the available base

station power remaining after the overhead channels and dynamically varying
channels have been assigned is allocated to the F-PDCH for remaining data
services. The F-PDCH may be used for data services that are less sensitive to
delay while the 1S-2000 channels are used for more delay-sensitive services.
[1009] The F-PDCH, similar to the traffic channel in the 1S-856 standard, is
used to send data at the highest supportable data rate to one user in each cell
at a time. In 1S-856, the entire power of the base station and the entire space of
Walsh functions are available when transmitting data to a mobile station.
However, in the proposed 1xEV-DV system, some base station power and
some of the Walsh functions are allocated to overhead channels and existing
1S-95 and cdma2000 services. The data rate that is supportable depends
primarily upon the available power and Walsh codes after the power and Walsh
codes for the overhead, 1S-95, and 1S-2000 channels have been assigned. The
data transmitted on the F-PDCH is spread using one or more Walsh codes.
[1010] In the 1XEV-DV proposal, the base station generally transmits to one
mobile station on the F-PDCH at a time, although many users may be using
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algorithm detailed in U.S. Patent No. 6,229,795.

[1012] In such a system, a mobile station receives forward link data from a
serving base station. As described, reverse link feedback from a mobile station
to the serving station may be used for forward link scheduling and transmission,
and may also be used for serving base station power control. Soft handoff in
the above listed systems is not used for such forward link data transmission.
That is, a mobile station will not receive the Forward Packet Data Channel, or F-
PDCH, from more than one base station. However, a mobile station may be in
soft handoff on the reverse link with one or more non-serving base stations
and/or sectors to provide reverse link switching diversity. Since the path loss
characteristics of each path between a mobile station and multiple base stations
will, in general, be different, the serving base station power control mechanism
for its transmission to the mobile station may not be suitable for non-serving
base stations for the same mobile station. To optimize system capacity, it is
desirable for the reverse link as well as any forward link signaling between a

mobile station and non-serving base stations to be power controlled. However,



desirable for the reverse link as well as any forward |ink signaling
between a nobile station and non-serving base stations to be power
control | eao osloseser, WO 03/ 067783 PCT/ US03/ 03812 5 nmai nt @Cmiusgs/essppwer
control |oop for each non-serving base station nay use excessive resources
on the reverse link. There is thereforem need in the art for power

control of serving and non-serving base stations. SUMVARY [1013]
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benefit of providing efficient po bet ween a nobile station and
both serving and non-serving base stations, thus avoiding excessive
interference and increasing capacity. [1014] The invention provides
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providing efficient power control between a mobile station and both serving and

non-serving base stations, thus avoiding excessive interference and increasing
capacity.

[1014] The invention provides methods and system elements that implement
various aspects, embodiments, and features of the invention, as described in
further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[1015] The features, nature, and advantages of the present invention will
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:

[1016] FIG. 1 is a general block diagram of a wireless communication
system capable of supporting a number of users;

[1017] FIG. 2 depicts an example mobile station and base station configured
in a system adapted for data communication;

[1018] FIG. 3 is a block diagram of a wireless communication device, such

as a mobile station or base station;



[1019] FIG 4 depicts an exanpl e enbodi ment of a systemenploying a first
reverse |link power control streamfor controlling the serving base station
and a sewond/osEserse |ink power control stream for contr ®@driusgs/bise2
non-servi ng base stations; [1020] FIG b5 is a flowhart of an exanple
enbodi ment of a nethod of perform ng réverse Iink povver control; [1021]
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of forward [1nk power control; [1024] Is a flowhart of an exanple
enbodi ment seletpmd)yev&;sR liok @wer ecpmmltstmm [fqrogmtrcﬁluug the nog-servingvaser t  of
an exanpl e alb()dl ment depl oying R~ PCSCH repetition; and [1026] FIG 11
depicts an 1e of the interrelationship between power control comrands
and the F- FRZ@] chaimessis PET6NIHER BESARERIMEN lehsodimEhGof la insetodi 60r am
of a wireless communi cati on system 100 that may be designed to support one
or nore CDRRretmingaedsrsentkapowrisian®l;(e. g., the WCDMVA standard, the

oo S, AR e TSy oG] LSO i g,

W rel ess st;ermlalrd or design other than a CDIVA system [1028] For

sinplicity stem 100 i s shown to include three base stations 104 fn
comuni cat Zzln t FiGhvo’ ABBiICISea Slowehar Of Afeexafme ewaeogmnt&ﬁ agngthadso
coverage a tively referred to as a "cell"”. In 1S-95
systens, f@ﬁv ﬂ'g@bﬁ)ﬁéegh@@ne or nore sectors. In the WCDI\/A

speci fi cat [mQS]eacﬁG s8cdepicisf an dameplet timirgn diagranh eof sfocward éink opawerge
area is refer ed to as a cell. As used herein, the term base station my
be used i nf@P¥Rangeably with the WO 03/067783 PCT/ US03/ 03812 7 terms

access poi pjo2y] Norles. B isTAfiohehBH B RIn exdrhplel SbBBIM&R d&pidling R-CQICH
repetition;
[1025] FIG. 10 is a flowchart of an example embodiment deploying R-
PCSCH repetition; and
[1026] FIG. 11 depicts an example of the interrelationship between power
control commands and the F-CPCCH channels.

DETAILED DESCRIPTION

[1027] FIG. 1 is a diagram of a wireless communication system 100 that may
be designed to support one or more CDMA standards and/or designs (e.g., the
W-CDMA standard, the 1S-95 standard, the cdma2000 standard, the HDR
specification, the 1xEV-DV proposal). In an alternative embodiment, system
100 may also deploy any wireless standard or design other than a CDMA
system.

[1028] For simplicity, system 100 is shown to include three base stations 104
in communication with two mobile stations 106. The base station and its
coverage area are often collectively referred to as a "cell". In I1S-95 systems, a
cell may include one or more sectors. In the W-CDMA specification, each
sector of a base station and the sector's coverage area is referred to as a cell.
As used herein, the term base station may be used interchangeably with the



I nterchangeably with the ternms user equipnment (UE), subscriber unit,

subscri ber station, access termnal, renote termnal, or other
correspormprg/osEssrs known in the art. The term nobil e st @cirarsogossonpasses
fixed wireless applications. [1029] Depending on the CDVA system bei ng
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1XEV-DV systemis an exanple of a systemthat divides the conmunication
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illustration.”  Any embodiment described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other
embodiments.

[1031] As described above, a wireless communication system 100 may
support multiple users sharing the communication resource simultaneously,
such as an 1S-95 system, may allocate the entire communication resource to
one user at time, such as an [S-856 system, or may apportion the
communication resource to allow both types of access. A 1xEV-DV system is
an example of a system that divides the communication resource between both
types of access, and dynamically allocates the apportionment according to user
demand. Following is a brief background on how the communication resource
may be allocated to accommodate various users in both types of access
systems. Power control is described for simultaneous access by multiple users,
such as IS-95 type channels. Rate determination and scheduling is discussed
for time-shared access by multiple users, such as an IS-856 system or the data-
only portion of a 1xEV-DV type system (i.e., the F-PDCH). Note that “outer



8 loop" is atermused in the art relating to both access types, but it's
nmeaning nmay be different in the two contexts. [1032] Capacity in a system
such as awoliSHW8ESLDVA systemis determned in part by intrerfEsogomse?
generated in transmtting signals to and fromvarious wusers within the
system A feature of a typical CDVA systemis to encode and nodul ate

signals for_ transn ssion to froma.nobile,station such, that the .signals
are seen a£09%t'§rafn£ﬂ’g}18§e%9n 3{1?\&‘{) F%%ﬁ'q%?%bgm SRE?SSFB’PeéxQHBﬁé, MEAFe
forvard |i pigy b gifferent ih¥h@twd Benfek@inel between a base station and one
nobile station is determined in part by other user interference. To

mai ntai n a[t@32]r edCapagitydnnsystenesuch @s atolarihi CBMA sysier is determisiade

curti oi ent 1 GAGGEY irBIE, oRBPHE) 3R el inaCBBhe R 8P Bt ons
served by yBerdoapkinghatgystomaA Writlireds a ol CDMAUSRASKRES tahcBag aa’diat | on
experienced in that channel. Thus, to increase capacity, it is desirable

to transni Madidall; sighals iesvieansreigaionet o6 framch mellg staioa: sush dkatyihe.
1033] | : | ¢cal | t1pl. | '
Erans]m' ttn [ %@%é E)H é %%zﬁ(‘?gﬁf&?‘;}g“?@%&é?‘?@%ﬁ%gb"ﬁcﬁ@tgkgﬁ‘?f%@‘. ey of

mﬁbi | ef st &nmaind lﬂihg,nmesqwality bé ltﬂnaﬁlaamatb'ecbweem afabm stdtibnarhdoomelrmdtmeeL.

Thus, or exanpl e, .a rever.se in ower control system may. reqgul ate the
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Tobi T St il Bvel B E5ANRIcAIGH P e FBLHBTSHENG, 8 raBhH fowor
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stations. orward keeping the transmt power of each
mobi | e st adiedicated tdidhat mohile station mastibe seffivierddia ovewiomanithe tpaweresi r ed

performance | ey | gws for ¢ city to be tiymzed, in.additiopn to
bther benefnSiiechis, B ol HABE binliahe R Bl % SRRe SIfidt A Bl a6 res,
reduced babtirydisRAbaAREITE AN, dégtadabien | éXprriché®34h FribasHdnnel. N Phis)piccal
CDVA system such as 1S-95, is constrained by, anong other things,

ot her - user iNafgass eApaeity, iinhglesiiable tontrapsmiteiheemivignuse pawar aueadtter ough

use of pow@%eﬁ%ﬁilglst t'ir(ma P(/Sﬁa” performance of the system including
capacity, vorce qual |?y, ata transm ssion rates and throughput, is

dependant {1088]st dhi ansypican TOMA rgystem/t vehdrowaaitipiowabblle vsthtibes sargt ai n
the desired |evel of performance whenever possible, To accgonplish this,

various pHREPMENNG (8] 2 tRasensi@lien. drig geriable fotreeipta Rlyit] obmoRileass of

techni ques gifighudgRalks! 889k 'R BRUBH S8 A8mallZd power level. Thus, for
example, a reverse link power control system may regulate the transmit power
from each mobile station such that signals from nearby mobile stations do not
overpower signals from farther away mobile stations. As with the forward link,
keeping the transmit power of each mobile station at the minimum power level
required to maintain the desired performance level allows for capacity to be
optimized, in addition to other benefits of power savings such as increased talk
and standby times, reduced battery requirements, and the like.
[1034] Capacity in a typical CDMA system, such as 1S-95, is constrained by,
among other things, other-user interference. Other-user interference may be
mitigated through use of power control. The overall performance of the system,
including capacity, voice quality, data transmission rates and throughput, is
dependant upon stations transmitting at the lowest power level to sustain the
desired level of performance whenever possible. To accomplish this, various
power control techniques are known in the art.
[1035] One class of techniques includes closed loop power control. For
example, closed loop power control may be deployed on the forward link. Such



exanpl e, closed | oop power control may be depl oyed on the forward I|ink.
Such WO 03/067783 PCT/US03/03812 9 systens may enpl oy an inner and outer
power corwoeB/bep in the nmobile station. An outer | oop eerdarsns/osss2 a
target received power |level according to a desired received error rate.
For exanple, a target franme error rate 1% may be pre-determ ned as the
desired error rate. The outer |oop nmay update the target received power

| evel ot a Bl VALY ShA! 8k SnatGha BuRACSaSH cHRRTE IR IPhAEKmobll

response, e 1 nner en sends up or down power cont messages to
t he base stmmatm Antauter bopi deielrrpmmsm targetraechivedapayetr. levelea@cordmgeto aoop
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communi cati on. descri bed above, keeping t forward ansmt power

for each ndbiged recseumd power leved at awemtnreb/vslbw mmhoamencesper frame or
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communi cation with additional users. In a systemsuch as 1 xEV-DV, the

remai ni ng d0ReN lgpp dowelreomtrol ggmamowrugmvew fragmienitly, S@a8itoiasiickly
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system Thé 8\ ower rol “Just “desc

be differasteivedsignaritd avolise ha@eﬂ\teﬂece:rmer edtiol foo pfficteiti asmﬂm‘unrcaltisa. VA$ h
data-only channel s, descri bed bel ow. %1036}( In a "data-only" system such
as | S-856, dascriped @W&at'@e@m@ the Jforwaid 1ig ‘éa@%}B'feQﬁW%'u 8ach weoDIR, 4
control 1 0QRafigly aPhelBlesY Rilc] Podlfe8 inbhiser IMEIRITLAS QB0h ABAAIMBERE
station to a nobile station in a tinme-shared manner. or clarity, In

foll ow ng d;tastamsandra,llowsemmausnsgoavallabtenteammbltIp@\mramhmrmemed fomethies

described. This is }o di s a Si nul t aneous ess s f(em an
el o of PSS s I 3 YRl BUcH o5 1SS 4 Sl Avafiie drasihy el
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"data-only" or "data channel” may be used di stingui sh a channel from

| S-95 type asoil xBVdV dieararhaining gvailabie tr@nsm'tt powel sayabe disedcitaduRpt usi ng
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system. The outer loop or inner loop for power control just described may be
different from similarly labeled control loops defined for use with data-only
channels, described below.
[1036] In a “data-only” system, such as IS-856, or in the “data-only” portion
of a system, such as 1xEV-DV, a control loop may be deployed to govern the
transmission from the base station to a mobile station in a time-shared manner.
For clarity, in the following discussion, transmission to one mobile station at a
time is described. This is to distinguish from a simultaneous access system, an
example of which is 1S-95, or various channels in a cdma200 or 1xEV-DV
system. Two notes are in order at this point.
[1037] First, the term “data-only” or “data channel” may be used to
distinguish a channel from 1S-95 type voice or data channels (i.e. simultaneous
access channels using power control, as described above) for clarity of
discussion only. It will be apparent to those of skill in the art that data-only or
data channels described herein may be used to transmit data of any type,
including voice (e.g., voice over Internet Protocol, or VOIP). The usefulness of

any particular embodiment for a particular type of data may be determined in



data channel s descri bed herein may be used to transmt data of any type,

I ncl udi ng voice (e.g., voice over Internet Protocol, or VOP). The

usef ul neswooB/oeasy particul ar enmbodi nent for a particul ar PCYpsog63sdat a nmay
be determned in WO 03/067783 PCT/ US03/ 03812 10 part by the throughput
requirenents, |atency requirenents, and 1Qhe 1ike. Those of skill in the
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station 106 E nd bafse station 104 configured in a system 100 adapted for
dat a cormmuWithit thehimeReriad 5t i on 104 and nobile station 106 are shown
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forward Ii signal s“i n recel ving subsystem 220. base station
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FIG 3. A gaploygl; taithblfR! inchits eedritrdl ) sighalintpireay SoaTedelubied bhea Gatanar d
link signal received fromthe serving baSe stationh in the nobile station

106. A C | chaanrelr en@mexanplgnireaahgi\e)f susternrmEioryaml PagketePaiacCaoskel as a
Channel (F-PDCCH) and a Forward Packet Data Channel (F-PDCH) are

defined for transmission of control and data, respectively, on the forward link.

[1040] FIG. 2 depicts an example mobile station 106 and base station 104
configured in a system 100 adapted for data communication. Base station 104
and mobile station 106 are shown communicating on a forward and a reverse
link. Mobile station 106 receives forward link signals in receiving subsystem
220. A base station 104 communicating the forward data and control channels,
detailed below, may be referred to herein as the serving station for the mobile
station 106. An example receiving subsystem is detailed further below with
respect to FIG. 3. A Carrier-to-Interference (C/l) estimate is made for the
forward link signal received from the serving base station in the mobile station
106. A C/Il measurement is an example of a channel quality metric used as a
channel estimate, and alternate channel quality metrics may be deployed in
alternate embodiments. The C/I measurement is delivered to transmission
subsystem 210 in the base station 104, an example of which is detailed further

below with respect to FIG. 3.



channel estinmate, and alternate channel quality netrics may be depl oyed in
al ternate enbodi nents. The C/| nmeasurenent is delivered to transm ssion
subsyst erw®18/06718% he base station 104, an exanple of whi cleciraisdeozil ed
further below with respect to FIG 3. WD 03/067783 PCT/ US03/ 03812 11

[ 1041] The transm ssion subsystem 210 dghivers the C/| estimate over the
reverse link where it is delivered to the serving base station. Note that,

in a soft b@&ﬂfffrﬁétwgrﬁas.ow%dbsw@m a1 asm/e%tmetd:w 3ﬁﬁr%’ié%vbr ke

si gnal s tr nsm from a nobile Station may be receive one or nore
base st at i gagersetiek wiene it iscdeliverad togtheesssvisgdraserstatien. eNDteJIthab inex soft as
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Aol i cati o RBYSBE] 7a0 YEBRSE hadtE B4 Bhelis il SAnRRRieBr Rt bl

LI NK RATE SthidAONG', fil ed February 11, 1997, assigned to the assignee
of the present invention. E104 In an exarrpl e 1 xEV-DV enbodi nent, a

mobi | e st atl18A2] s Seheduler2#8yin hase\aiation i At isiusediodateminaavhather and
rreasurerreng\(;\,fco?t% ?}thkf’rﬂet 'ﬂr%tnsﬁ?t%lds %a Adromord Hh6BiE Stadits gff}hﬁ'r TRy be

transnitte arn rate vant ageous, I n terns of system
capacity, tsergrgecells d:caregage naxigal e Am;attype oﬁtschedhla‘lg tdlgaorsthar eday be
conmuni cati pn resouy.ce al vay s utilized at its &E’él srl,rsp@ortabl e rate.

Thus, the t4FPIQEd Withigd be 568P¢ & the-RTesANL BN RN MRl 1S YREORPE N { he
greatest rapey irafied Applidaieh NGCHE798,0BY Bhfifed METHOD MO PPARATUS

schedul i ng decision. For exanple, mninumaquality of service guarantees nay
have been g8 FORWARLS Ld}iﬁr EBATE BROHEBERULHNG”,a fiteshi Febraaat i bh, 18I97h a

relatively | ower [t ed for transmssion to naintain a
m ni mum dﬁsglwgrrgqﬁ? qgg\gge%)fttrﬁeaﬁﬁgﬁ 'nVFTﬁﬂQL] In the exanple 1 xXEV-DV
system scliegadpr Ban@&haipRe NKREVWDVEmbsdikidmg, & hidbilkensthffort isfesiBtiedtfer and
al so the data rate, nodulation format, and power |evel for that

transni ssi darward ligk tsansspissioa wherd Hier meggeiementgaceiged from that mobile
station indicates that data may be transmitted at a certain rate. It is

advantageous, in terms of system capacity, to select a target mobile station
such that the shared communication resource is always utilized at its maximum
supportable rate. Thus, the typical target mobile station selected may be the
one with the greatest reported C/l. Other factors may also be incorporated in a
scheduling decision. For example, minimum quality of service guarantees may
have been made to various users. It may be that a mobile station, with a
relatively lower reported C/1, is selected for transmission to maintain a minimum
data transfer rate to that user.

[1044] In the example 1XEV-DV system, scheduler 240 determines which
mobile station to transmit to, and also the data rate, modulation format, and
power level for that transmission. In an alternate embodiment, such as an IS-
856 system, for example, a supportable rate/modulation format decision may be
made at the mobile station, based on channel quality measured at the mobile
station, and the transmit format may be transmitted to the serving base station
in lieu of the C/l measurement. Those of skill in the art will recognize myriad
combinations of supportable rates, modulation formats, power levels, and the
like which may be deployed within the scope of the present invention.



856 system for exanple, a supportable rate/nodul ation format decision may
be nmade at the nobile station, based on channel quality nmeasured at the
nobi |l e swatmoer7sand the transmt format may be transm tt @edTtusos/bssiser vi ng

base station in lieu of the C1 measurenment. Those of skill in the art
wi Il recognize nyriad conbinations of gypportable rates, nodulation
formats, power levels, and the |ike which may be depl oyed within the scope

of the pre i t [ 0, Rt d
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t he scheduling process nmay take place jn the nobile station. [1045]
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al ong with data on thf d?te}@han@el, or F-PDCH. The control channel may be
used to i ddAENely PPWET fvel ANCHeBi | e station of the data on the F-PDCH,

as wel | as 4086} 1 T tHe Qié}ﬁgl_ec&ﬁﬁyd‘ih@f{t] RiesBagedBhans denfrbHbhamheli BOFL he
communi cation session. A nobile station should receive and denodul ate data
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success or dratHeUFEPOCH, ke Wenrnsientfping dihkr 2bAm@sicalion pakimetess usetel |
known in the art, are commonly deployed in data comruni cation systens.

[1047] A msbiring HexrGaAmiairaieni sessithunic iokile watirhsheuldhapceve #de
station, a LOOo Lk, ”d&%o%mbaﬁwesﬁfﬁm?ﬁ“%%ﬁ-théoff-tpgé’@ OfhbicYs 'tﬁkﬁ'rgggile
multiple sectors tromone base stafion (or one Basé Transcel ver Subsystem
(BTS)), kmtatiorais twf targehahted transmissidn. dhewriobils estatiors réspomdsudn ithe e
BTSs. Base statio ctors in soft handoff are generally stored.in a

mobi | e st atvRIse Ik Jqjowiag the receipt P aHea Mala it anaiesades idineting e,
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such 25 | & 85 O Al Beni SRR BRI Goh WYY BRI b
station, a condition known as soft handoff. Soft handoff may include multiple
sectors from one base station (or one Base Transceiver Subsystem (BTS)),
known as softer handoff, as well as with sectors from multiple BTSs. Base
station sectors in soft handoff are generally stored in a mobile station’s Active
Set. In a simultaneously shared communication resource system, such as IS-
95, 1S-2000, or the corresponding portion of a 1XxEV-DV system, the mobile
station may combine forward link signals transmitted from all the sectors in the
Active Set. In a data-only system, such as 1S-856, or the corresponding portion
of a 1xEV-DV system, a mobile station receives a forward link data signal from
one base station in the Active Set, the serving base station (determined
according to a mobile station selection algorithm, such as those described in the
C.S0002.C standard). Other forward link signals, examples of which are
detailed further below, may also be received from non-serving base stations.
[1048] Reverse link signals from the mobile station may be received at
multiple base stations, and the quality of the reverse link is generally maintained
for the base stations in the active set. It is possible for reverse link signals
received at multiple base stations to be combined. In general, soft combining



one base station in the Active Set, the serving base station (determ ned
according to a nobile station selection algorithm such as those descri bed
in the GvBOBO&7€3 standard). Other forward |ink signals, exarmgshgessof which
are detailed further below, may al so be received from non-serving base
stations. [1048] Reverse link signals fjgomthe nobile station may be
received at nultiple base stations, and the quality of the reverse link is
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nobile statioh is called the Forward wer” Control Subchannel (F-PCSCH)
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command streams from all its Active Set members for each base station

(multiple sectors from one BTS, if all in the Active Set of the mobile station,
send the same command to that mobile station) and determines if an “up” or
“down” command was sent. The mobile station modifies the reverse link
transmit power level accordingly, using the “Or-of-downs” rule, that is, the
transmit power level is reduced if any “down” command is received, and
increased otherwise.

[1050] The transmit power level of the F-PCSCH is typically tied to the level
of the host F-FCH or F-DCCH that carries the subchannel. The host F-FCH or
F-DCCH transmit power level at the base station is determined by the feedback
from the mobile station on the Reverse Power Control Subchannel (R-PCSCH),
which occupies the last quarter of the Reverse Pilot Channel (R-PICH). Since
the F-FCH or the F-DCCH from each base station forms a single stream of
traffic channel frames, the R-PCSCH reports the combined decoding results of
these legs. Erasures of the F-FCH or the F-DCCH determine the required
Eb/Nt set point of the outer loop, which in turn drives the inner loop commands



[ 1050] The transmt power |evel of the F-PCSCH is typically tied to the

| evel of the host F-FCH or F-DCCH that carries the subchannel. The host

F- FCH or wb-0B@&Hs3 ransmt power |evel at the base stationpPcs/uses/esmt ned by
the feedback fromthe nobile station on the Reverse Power Control
Subchannel (R-PCSCH), which occupies thg |ast quarter of the Reverse Pil ot
Channel (R-PICH). Since the F-FCH or the F-DCCH from each base station

forms a sing g?esﬁ-ri@@cm arld s thech %Iatfdnaﬂsﬁsmrth§v§iﬁg&§fﬁ§ &ﬁgg{{ ﬁ'e the

conbi ned decoding results of these legs. Erasures o
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reverse link path loss to each base station froma single nobile station
in soft harttiefActiveotiet s1ay net reesivethe iIRRESGH reliablgcand enaenotregrractly
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for the saramergydusdo brmoks ethedoediback frorade@mabilecgtalion.y, the power
control co s fromdifferent base stations may be di fferent. and . cannot
be soft coﬁ&ggh aPNoRe q‘é@'eWéWSﬁe\ﬁt%@Hﬁemayar’@yeé’d rept (Rebileastatien set
(i.e. no SQFénshﬂig;g%t er 1Br kn®edarmef levBaRIMM ,sePerir:itOHI Ie&@didnoqg?]lﬂﬁythe

etc.), the F-PCS ransmt power is increased relative to its host F-FCH
or F- DCCH.powerscontyol beormaaamds efromedifiererdr bags statidnsnoray bpadiffatendiang sity

I total Eb ired ' I I whi |
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control commands for nobile stations without the Forward Fundamenta

Channel ( F-et&gHhedT-PORCHJransmit pewet ist isareasadrelativadarits| hqst FIEEH) or Fn

earlier Verﬁé@ﬂﬁ This may be because the latter has both more spatial diversity (less
total Eb/Nt required) and load sharing (less energy per leg) while the former has
none.
[1053] By contrast, in a 1xEV-DV system, the Forward Common Power
Control Channel (F-CPCCH) transports the reverse link power control
commands for mobile stations without the Forward Fundamental Channel (F-
FCH) or the Forward Dedicated Control Channel (F-DCCH). In earlier versions
of the 1xEV-DV proposal, it has been assumed that the base station transmit
power level of the F-CPCCH is determined by the Reverse Channel Quality
Iindicator Channel (R-CQICH) received from the mobile station. The R-CQICH
may be used in scheduling, to determine the appropriate forward link
transmission format and rate in response to forward link channel quality
measurements.
[1054] However, when the mobile station is in soft handoff, the R-CQICH
only reports the forward link pilot quality of the serving base station sector and
therefore cannot be used to directly power control the F-CPCCH from the non-
serving base stations. Various approaches to solve this problem are discussed
below. An example approach is as follows: Reverse link power control is



of the 1xEV-DV proposal, it has been assuned that the base station transmt
power | evel of the F-CPCCH is determ ned by the Reverse Channel Quality

| ndi cat orwGhaneEk3 (R- CQ CH) received fromthe nobil e statipamusihessik CQ CH
may be used in scheduling, to determ ne the appropriate forward |ink
transm ssion format and rate in responsgsto forward Iink channel quality
nmeasurenents. [1054] However, when the nobile station is in soft handoff,

the R CQ Chnapitdived 28PRHSAHVR BeE WAsMbEIIK THd flobeasiativn®fysenan Sending
base station sector and therefore cannot be used to directly power control
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as descri bed above, to change the reverse link transmt |level. The R-CQ CH

i s used to ganRsatecdBingle pomer seantioh deesdpasksstegana dor Al dhadion-seringsbase as
the "O - of _slfzgt"'or{sm e, described further below, is used at the nobile station
to generate TS ngl e power control feedback streamfor all the non-serving

base stati[9055] [ 1P®] 3 4 @ bidck sliagrahpokadiieglessncomnmunicatidreddvice, such
comruni cation device,. such as nobile station 106 or base station 104. The

bl ocks depias @gbjle statios Weanbase sialion; 1adnt ThE blocke sapigted imthis exampla  of
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106. Those 0 ﬁgsciigﬁﬁnwﬁlﬂgﬁgegdrﬂﬁlrﬁ Ffwﬁ&%ﬁﬁ@ﬁ%&?ﬁ{boﬁ% ﬁtesog‘ﬁmdrr@n%i@oﬁn I n
FIG 3 for hase statiamyOsonbebilefstatise1@8.aThose of skilinrbthesars wall readily adapt
configurations. [1056]  Signals received . at antenna 310 and delivered to
recei ver 358’?’ efﬂé%@!’\ﬁ]é\l & %ém? foHER 4P RYYa BUBIOEF Y PSSR Rbr e

Wi rel ess sypbkiMe statighdanfilfurafityed) as the standards |isted above. Receiver
320 perforns various i)rocessi ng such as Radi o Frequency (RF) to baseband

conver si on,[1086)! i Slgrals are regeives at antenyia 310 ane celivesed toireceiveng20and
520 mmy. be N PG BABRHE rbin TG Btp IS o Fomall B B 5ulBET i
when the deyasdards, such@biiestindhid®lified RasoestRédeWor 323 peAdINYE Vitrious
al though a separate channel qnual_ity estimator 335 is shown for clarity of
di scussi on Preegssingdsueh o@s Radio "Frequency (RF) to baseband conversion,
amplification, analog to digital conversion, filtering, and the like. Various
techniques for receiving are known in the art. Receiver 320 may be used to
measure channel quality of the forward or reverse link, when the device is a
mobile station or base station, respectively, although a separate channel quality
estimator 335 is shown for clarity of discussion, detailed below.
[1057] Signals from receiver 320 are demodulated in demodulator 325
according to one or more communication standards. In an example
embodiment, a demodulator capable of demodulating 1xEV-DV signals is
deployed. In alternate embodiments, alternate standards may be supported,
and embodiments may support multiple communication formats. Demodulator
330 may perform RAKE receiving, equalization, combining, deinterleaving,
decoding, and various other functions as required by the format of the received
signals. Various demodulation techniques are known in the art. In a base
station 104, demodulator 325 will demodulate according to the reverse link. In a
mobile station 106, demodulator 325 will demodulate according to the forward
link. Both the data and control channels described herein are examples of

channels that may be received and demodulated in receiver 320 and



[ 1057] Signals fromreceiver 320 are denodul ated in denodul ator 325
according to one or nore comuni cation standards. In an exanple

enbodi nernwp oa/oaEsddul at or capabl e of denodul ati ng 1xEV- DVpsirgrsab/e3sis
deployed. In alternate enbodi nents, alternate standards nmay be supported,
and enbodi nents may support nultiple coggunication formats. Denodul ator
330 may perform RAKE receiving, equalization, conbining, deinterleaving,
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the functions of nmessage decoder 330 may be carried out in processor 350,
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estimator 335 is connected to receiver 320, and used for nmaking various
power | evelpreeess@it39 faosinglsebit messsgedicisasi e8cACKAKHeT aippweiLopdidl as

for use in uvp%é\ﬁH%o%ﬂfﬁd BFeogfﬁﬁbfég).USEd I n conmuni cati on,

[1059] Channel quality estimator 335 is connected to receiver 320, and used
for making various power level estimates for use in procedures described
herein, as well as for use in various other processing used in communication,
such as demodulation. In a mobile station 106, C/ measurements may be
made. In addition, measurements of any signal or channel used in the system
may be measured in the channel quality estimator 335 of a given embodiment.
As described more fully below, power control channels are another example. In
a base station 104 or mobile station 106, signal strength estimations, such as
received pilc;t power may be made. Channel quality estimator 335 is shown as
a discrete block for clarity of discussion only. it is common for such a block to
be incorporated within another block, such as receiver 320 or demodulator 325.
Various types of signal strength estimates may be made, depending on which
signal or which system type is being estimated. In general, any type of channel
quality metric estimation block may be deployed in place of channel quality
estimator 335 within the scope of the present invention. In a base station 104,
the channel quality estimates are delivered to processor 350 for use in
scheduling, or determining the reverse link quality, as described further below.



such as denodulation. In a nobile station 106, C'| measurenents may be
made. I n addition, neasurenents of any signal or channel used in the system
may be neweuws®e’78h t he channel quality estimator 335 of aPginuEsas/essbondi nent .
As described nore fully bel ow, power conjrol channels are anot her exanple.
In a base station 104 or nobile statio 106, signal strength estimtions,
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spr eaders,
modulators of various types.

[1061] Message generator 360 may be used to prepare messages of various
types, as described herein. For example, C/l messages may be generated in a
mobile station for transmission on the reverse link. Various types of control
messages may be generated in either a base station 104 or mobile station 106
for transmission on the forward or reverse links, respectively.

[1062] Data received and demodulated in demodulator 325 may be delivered
to processor 350 for use in voice or data communications, as well as to various
other components. Similarly data for transmission may be directed to modulator
365 and transmitter 370 from processor 350. For example, various data
applications may be present on processor 350, or on another processor
included in the wireless communication device 104 or 106 (not shown). A base
station 104 may be connected, via other equipment not shown, to one or more
external networks, such as the Internet (not shown). A mobile station 106 may

include a link to an external device, such as a laptop computer (not shown).



nodul at ors of various types. [1061] Message generator 360 may be used to
prepare nessages of various types, as described herein. For exanple, I
nmessages ways3ber7generated in a nobile station for transmpesiusn3/amsiz he
reverse link. Various types of control ssages may be generated in either
a base station 104 or nobile station 10 for transm ssion on the forward
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processor 350 It Processor 350 is connected with fremory 355, which
may be use855anay :bteowmgnam af apevey Moz memomc@mpnsemtgrofp\eaffomlﬁnwgs,t he
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wi th high R{QP@%Q bﬁé( of the base stations (Switching Diversity) and the interference to
all reverse link base stations should be minimized. In addition, reliable
reception of the R-CQICH is desired at the serving base station. The R-CQICH
provides fast forward link channel condition updates for the BTS to efficiently
operate the F-PDCH.
[1065] When a mobile station is not in soft handoff, the mobile station
receives a single F-CPCCH from the serving BTS that might be transmitted by
more than just the serving sector if the mobile station is in softer handoff with
that BTS. The forward link transmit power for this F-CPCCH may be
determined based on the R-CQICH from the mobile station through table-lookup
without an outer-loop (as an alternative to the outer-loop power control method
described above).
[1066] When the mobile station is in soft handoff between multiple BTSs,
there are a variety of approaches to reverse link power control design. Several
approaches are described below.
[1067] One approach is to use only a single reverse link power control
feedback from the serving base station to the mobile station, such as used



in at | east one of the base stations (Switching Dversity) and the
interference to all reverse |link base stations should be mnimzed. In
addi ti on,wpeBjoedoB® reception of the RRCQ CH is desired atrcrhsoyessvi ng base
station. The RRCQ CH provides fast forward |ink channel condition updates
for the BTSto efficiently operate the1g-PDCH [1065] When a nobile
station is not in soft handoff, the nobile station receives a single
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forward 1|i rﬂ«amﬂeuﬁr@mﬁdme te tiowptthe sevarpe link peqm ©8s fron the anehiiet statieniback

for additional base | on V. I there is
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station to the serving base's 'on. That non-serving base station would
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command streams, one for each non-serving BTS. This approach mitigates the
forward/reverse link imbalance problem, but since the muitiple reverse link
feedback signals are time-multiplexed, the supportable rate may be reduced or
the reverse link data rate and the associated interference have to be increased.
The rate may be further reduced if symbol repetition is needed to keep the
transmit power at a desired level for the R-PCSCH to reach all Active Set
member base stations. An increase of the rate would require additional reverse
link power and thus reduced capacity.

[1069] FIG. 4 depicts an example embodiment of a system employing a first
reverse link power control stream for controlling the serving base station and a
second reverse link power control stream for controlling the non-serving base
stations. The mobile station 106 receives a forward link power control stream
from each Active Set base station 104A — 104C, the F-CPCCH. In this
example, each base station 104A — 104C, BS; — BS3, respectively, includes two
sectors, sector 1 and 2, labeled 410A,1 — 410C,2, respectively. In this example,
the Active Set includes sectors 410A,1-2, 410B,1-2, and 410C. This is an
example of so-called soft-softer handoff, since the mobile station is in handoff

with multiple base stations (soft) as well as multiple sectors within one or more



fromevery Active Set nenber BTS with tinme-division nultiplexed R PCSCH
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[1072] Note that there is only one reverse link power control bit stream from
each BTS to the mobile through all its sectors. As such, there is no need to
provide additional power control feedback about the F-CPCCH from non-serving
sectors of the serving BTS. As shown, the reception of the reverse link at a
sectorized BTS may be carried out by all the sectors. Note further that sector 2
of BS3 410C,2 is not in the Active Set, in this example, but may still receive the
R-PCSCH, if desired.
[1073] FIG. 5 is a flowchart of an example embodiment of a method of
performing reverse link power control. The process begins in step 510, where
each base station in the Active Set measures the received reverse link pilot
from the mobile station. Proceed to step 520. In step 520, each sector
transmits the F-CPCCH, with a power control command generated in response
to the measured pilot power. Note that any power control procedure may be
deployed to determine the power control commands, examples of which are
given above. In an alternate embodiment, a signal other than the reverse link
pilot may be used for power control. Proceed to step 530. In step 530, the
mobile station soft combines the power control commands received from



station sends the RPCSCH in addition to the RCQ CH The R PCSCH is
dedicated to carry the feedback of the F-CPCCH fromthe non-serving base
stati ons wbioBee178e R- CQ CH nay be used by the serving baseCc3tsvs/msit o
determ ne the transmt power |evel on the F-CPCCH. [1072] Note that there
is only one reverse link power control &1t streamfrom each BTS to the

mobil e through all its sectors. As such, there is no need to provide
addi ti onal Speiaes of gier base éé%tlﬂibk Prpoead toisten GROCHIN sian B4R, doe whehjle
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gi ven above. I'n an altern ment, a signhal other than t e reverse
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transmt power based on the ' of -downs” of the commands from each base

station. Tﬁ@mrmarr& prastaspongding deofhe milot mease@sents duipgc GG r eedised
once dur ! NGACH BMSPEEN A dBHBeal FOLHL LB . CTERnEbTe WafITRE
g dlagr reverse ower ~con . This exanple corresponds to

t he exanpl eommmi; thendomimainble fmtemh trevstation I%@deécntwmmthepsﬁsﬂosln
detail ed V\nthresp?ct to FI.G are tég)lctedln

cor r espond ity eXagp %JHBéP%b"eTﬂ@t'P@@@ mbiRRs #ie Etgsgwﬁemwtaf 1 a0gkn
base st at '(:%Bctg\3§(ﬁ6ﬁ1)%1 Qﬁﬁ oft) combifiel HE F-EPEICH lfrddh QEBRraAr 5n<{1ﬁ@€10‘?%s PCG ,

PCG +1, P stations neasure the reverse

during PCom BS.ddserinbbile statmetpeﬁmtelﬁanes sunetiuer tbhacreasarm rdetcseasfme
pover cont Eralnsmlt power based on the “Or-of-downs” rule, as described in step 540. In
this example, the combined commands from BS; and BS; are ORed with the
command received on the F-CPCCH from sector 1 of BS;. The transmit power
is adjusted accordingly during PCGi,2, as shown. These steps are detailed in
FIG. 6 for one cycle, but the process may repeat each PCG, as described
above with respect to FIG. 5.

[1075] Since the best forward link usually implies the best reverse link, the
“OR-of-Down” rule provides adequate R-CQICH reception at the serving base
station. When forward link/reverse link imbalance occurs, i.e., the reverse link
to the serving base station is smaller than a reverse link to one of the non-
serving base stations, the serving base station will be able to detect the
insufficient R-PICH or R-CQICH level as part of its reverse link power control
operation. Then, the serving base station may activate an R-CQICH repetition
feature through F-PDCH or F-CACH without much reverse link capacity loss.
This repetition technique is well known in the art.

[1076] FIG. 7 depicts a flowchart of an example embodiment of a method of

forward link power control. The process starts at step 710. In step 710, the



command corresponding to the pilot neasurenment during PCHerr) on its
respective F-CPCCH, as described in step 520. The nobile station soft
conbi nes wba3soemeands from each base station, as descri beacirrusss/e3s1530. I n
this exanple, the nobile station soft c ines the F-CPCCH from sector 1
and sector 2 from BS1 and soft conbin the F-CPCCH from sector 1 and

t 2 f BS2. Th bi | tati th ] th to |
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710, the 3/ 067783 PCT/ US03/ 03812 2 nobil e station nmeasures the power
of each F%@?&?\SFW@% 8- Prgceeddo siep :7f}§ Set. In one enbodi ment, the

serving bageozdp! | ANstEBY7HE PPéWer coPlol ebimPrarkf i defmindl fremihdnbhnk
channel quality, as indicated by the R CQ CH, and thus the F-CPCCH need

only be nme&ewnvieg base stationndn-thisrexamplepar cug’t et ‘idome” commeand issgengratad st ep

station myobeadir b IpeE R, Tl Al SenvidBrE8 syfins BB AESARRY ati on
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may be performed in parallel. Proceed to step 730. [1077] In steig) 730, the
R- CQ CH i s thaknisni theecpawer: woniist veogmaasde ist Ao tany of the F-CPCCH

measurements results in an “up” command, otherwise the command is “down”.
The power control command for the one or more non-serving base stations is
transmitted on a single R-PCSCH, which may be received by all the non-serving
base stations, as described above with respect to FIG. 4. The non-serving base
stations adjust the transmit power of the F-CPCCH (and any other forward link
channels, as desired) in response to the R-PCSCH. This technique allows the
non-serving base stations to transmit at a lower level than would be the case
without this feedback mechanism. Note that other logic in the decision of the
command to transmit base on individual decision on the non-serving base
stations may be applicable here to replace the “Or-of-up” logic.

[1079] In one embodiment, the mobile station may exclude signals from non-
serving base stations that are deemed insufficient. For example, if a RAKE
receiver is deployed, a limited number of fingers may be available for locking
onto and tracking non-serving base stations. A common technique is to allocate
the fingers to the strongest forward link paths. In this case, the RAKE receiver
may be locked onto the most important Active Set members. The “Or-of-up”

rule may be modified to include only the non-serving base stations with a



i ndicate the neasured quality of the serving base station forward |ink. The
R- CQ CH nay be used for power control. One exanple is to performa table

| ookup, awodemeT’8bed above. Proceed to step 740. [1078] | mCItusp3/i38d; a
power control conmmand is determ ned for_each non- serving base station. In
this exanple, an "up" or "down" conmand?y s generated for each. If there
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Active Set ers, with the highest. pilot Ec/lo.. Furthe re. . limting the
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"Or-of -downs”, as described above with respect to FIG5, is_ naturally

limited towhese therforwand ink pilot aualie Measurd akiheduobirstadipniis repaitachly
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Active Set members to the mobile station may be evaluated. Each non-serving
base station may adjust the transmit level based on its path loss difference with
respect to the largest forward link path loss. Thus, the starting transmit level
from the non-serving base stations that have better-than-worst forward link path
loss may be lowered by a delta that is set to the path loss difference of that
base station and the pass loss of the worst base station (in the Active Set or its
subset), as described above. When the first or subsequent PSMM is received,
the Base Station Controller (BSC) or other system component, may also
determine these deltas for the various non-serving base stations to use.
[1082] An example of this alternate method is as follows: From the PSMM or
other mobile station report, a base station determines the forward link pilot Ec/lo
values at the mobile station for BS;, BS,, and BS; are -9 dB, -10 dB, and -13
dB, respectively. For this example, assume that BS; is the serving base station.
The path loss difference between BS, and that of the worst forward link base
station (BS;) is 3 dB. The initial transmit level of the F-CPCCH to the mobile

station that sent the report for BS, would then be approximately 3 dB lower than



generally, the weakest received F-CPCCH wi Il determ ne whet her an "up" or
"down" command is issued, and therefore, the F-CPCCH bit error rate is kept
| ow on alwoR3@PC&Hs. [ 1080] Alternate enbodi nents may be @eplusygsio reduce
excess transmt power for an F-CPCCH which is not the weakest. For
exanple, the F-CPCCH transmt level m2# be limted for better-positioned
non-servi ng base stations, those whose forward |ink path loss to the
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BS, would then be approﬁ?n%ttclaly% cﬁ)éitlowclero t?\%nqlh;tf f%rr t neC worsttbase station
(BSs). This way, unnecessary transmit power of the F-CPCCH from BS; may
be eliminated, since the mobile station would measure similar received F-
CPCCH from either BS; or BSa.

[1085] Return now to the flowchart of FIG. 7. Proceed to decision block 750.
In decision block 750, if the R-PCSCH is to be repeated, proceed to step 760
and repeat the “Or-of-up command for a predetermined number of cycles, N, on
the R-PCSCH. If not, the process may stop. As in FIG. 5, the process may be
repeated each power control group. The repetition feature of step 750 and 760
is optional. If may be useful when repetition is necessary to reach all the non-
serving base stations, which may have varying reverse link path losses.
Repetition allows for increased signal to noise ratio without a corresponding
increase in transmit power. It may be the case that when the reverse link
benefits from repetition, the forward link may also. In that case the F-CPCCH
may be repeated as well. This alternative is detailed further below with respect
to FIG. 10. As mentioned previously, the R-CQICH to the serving base station
may also be repeated (not shown in FIG. 7), and a corresponding repetition of



that of the worst base station by nmeasuring the reverse link pilot for
other channels. This nmay be part of the closed-1oop reverse |ink power
control Wwewobhas783In Since there is only one transnmt | evelpCiirusns/oise2 nobil e
station and that the reverse |ink pat oss is likely to be correl ated
with the forward Iink path |oss, the e station may find out the path

| oss difference with that of t t base station,, The sane set .of delta
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base station F-CP may be desired. This Eﬁ_ﬁion is detailed further bel ow

with respebowebiFPEGixnIn [espeppe tp dhe R-GEYCH s The axrnspvéng Pase $taligr am of

forward | gk; RPYREir transmit power in accordance with the R-PCSCH subsequent to
receiving the R-PCSCH, including any repeated symbols.
[1087] As described above, in some instances, it may be desirable for the R-
CQICH to be repeated to maintain a sufficient signal to noise ratio for a given
transmit level. FIG. 9 is a flowchart of an example embodiment deploying R-
CQICH repetition. The process begins in step 910, where the serving base
station receives the R-CQICH for 1 to N slots, where N is the number of
repetitions. The received symbols may be combined if N>1. Proceed to step
920. In step 920, the transmit power level for the serving base station F-
CPCCH is set in response to the R-CQICH. Each unique command on the F-
CPCCH may be transmitted during 1 to N slots, in accordance with the
repetition of the R-CQICH. This repetition allows a sufficiently low bit error rate
on both the R-CQICH and F-CPCCH without increasing the transmit power of
either channel above a desired threshold.
[1088] In like manner, in some instances, it may be desirable for the R-
PCSCH to be repeated to maintain a sufficient signal to noise ratio for a given
transmit level. FIG. 10 is a flowchart of an example embodiment deploying R-



control. This exanple corresponds to the exanpl e enbodi nent of the system
shown in FIG 4, and the steps detailed with respect to FIG 7 are depicted
i n oval swaioshet7e correspondi ng step nunbers. The F- CPCCPCiIrasbs/eassri tted
from each Active Set sector. In this exanple, the F-CPCCH is transmtted
from sectors 1 and 2 of base stations #5(err) and BS(err), and sector 1 of
base station BS(err). The power control groups are | abeled PCG, PCG +1i
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channel above a desired threshold. [1088] In |ike nner, |
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the servi n?noqgst?mes, therefore they have a lower rate (e.g., 400Hz or 200Hz). In
general, each F-CPCCH channel may be transmitted at any rate. The “Or-of-
downs” rule may be modified to account for F-CPCCH channels of differing
rates.
[1090] FIG. 11 depicts an example of the interrelationship between power
control commands and the F-CPCCH channels. In this example, the Active Set
size is three. The power control bits from the serving base station arrive at a
rate of 800Hz and the reverse link (RL) power control bits from two non-serving
base stations (non-serving base stations 1 and 2) arrive at a rate of 200Hz.
Power control group (PCQG) periods are labeled n, n+1, n+2, etc. The F-CPCCH
from the serving base station is transmitted once per PCG, and each
transmission contains a unique value. The mobile station extracts RL power
control commands, C,, Cns1, Cns2, etc., during successive PCGs. The F-
CPCCH for non-serving base stations 1 and 2 are also transmitted during each
PCG. However, in this example, one value is transmitted for four consecutive
power control groups. The mobile station combines the received F-CPCCH

values for four PCG periods and sends RL power control commands once every



station receives the RRPCSCH for 1 to N slots, where Nis the nunber of
repetitions. The synbols may be conbi ned when N>1. Proceed to step 1020.

In step MWD®3/061183 transmit power |evel for each non-servi rRgTh®sg0BIAt i on F-
CPCCH is set in response to the R-PCS Each uni que command on the F-
CPCCH may be transmitted during 1 to N<lots, in accordance with the
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PCT/ US03/ Oﬁ?él%ower control commands arrive at different rates. A variety of example
embodiments for solving this are described below. Three general solutions are
provided: bias towards the serving base station, bias towards the non-serving
base stations, and a solution balanced between the serving and non-serving
base stations. Those of skill in the art will readily adapt these principles to
various solutions for transmit power control in response to multiple rate power
control command streams.
[1092] First, consider an example embodiment biased toward the serving
base station. In this example, the command from the serving is used to adjust
the RL power during each PCG. During a PCG where commands are
generated from one or more non-serving base stations, the serving and non-
serving base station commands are combined following the “Or-of-downs” rule,
described above. For example, C; for i=n, n+1, n+2, n+4, n+5, n+6, n+8, ... are
used to adjust the RL power during the corresponding PCGs. C;, B;, and D; for
i=n+3, n+7, n+11, ... are combined using the “Or-of-downs” rule during the
remaining corresponding PCGs. This scheme is biased towards the serving
base station, as the RL power is controlled more by the serving base station



27 four PCGs. This allows the F-CPCCH to be transmtted at | ower power,
thus conserving forward |ink capacity. Non-serving base station 1
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frequently than those from the non-serving base stations, they may be treated

differently in order to maintain some balance between the serving and non-
serving base stations in controlling the RL power. Specifically, when the RL
power is adjusted following the order from the non-serving base stations, the
power adjustment may be larger than if the adjustment is solely based on the
commands from the serving base station.

[1095] A first balanced embodiment uses a scheme similar to the first
example, biased toward the serving base station, described above. During
PCGs in which only commands from the serving base station are received, the
serving base station commands are used to determine whether the transmit
power should be increased or decreased. However, the up or down step size of
the power change is made in proportion to a first parameter, ST. During PCGs
in which commands from the serving and non-serving base stations arrive, the
commands from the serving and the non-serving base stations are combined
(using the “Or-of-downs” rule) to form a combined command. The up or down
decision is made by using the “Or-of-downs” rule on the serving base station



base station, as the RL power is controlled nore by the serving base
station WO 03/067783 PCT/ US03/ 03812 28 than by the non-serving base
stati ons.wO93M671783 be clear to those of skill in the art, PCHASs33813 on | ust
described is an exanple only. Any nunber of base stations nmay be supported
usi ng power control conmmand streans and®®ach stream may be any rate.

1093] S d, ' I nbodi t b d,t dth -
L0 e Qartonsitd sndhe ForhiacR command hen he oo et b ng
base stat ‘sQH\eaédseﬂfeO@Wﬁ?Ebeé@pt éla%c?ﬁ chRin®id, 18E BbWRH i afuSRIMN MY aRadFor

station comuands using downs” command, descri bed above. For
exanpl e, @Gpwhostep=giz8, innpropmmiom 6 arsecosd pparamatery Whennthe epmbirge+3 and

Dn+3, UusSi the "Or-pf-d " rul 0 ad he RL he. .
cor t espona PRGNt Srande SeryRadipeto wiathd PR JbB iR i e
stations, agijshel Whth RV dowrd sepdized InfstopBFRNIY 4 ffrdsitaffiten. ng base

stations than by the serving base station. As will be clear to those of

skill in t(t092]t, Iphthesexamphe 9fubiG.dddcrdusedoitbe eatatieadigiquenay yof they

ctreams. angonieand el @aendte sBoaHy RaRae B B 4o S G L A M Rlfber o
embodi nent parameter ehay b skt @BET. Phiskixampie eyt b rdadllyi extendehtespowed anced
bet ween the serving and non-serving base stations. Since the commands from

the servi n§opugecemEandrsteaamsy of Al @ate kyoenera) wham thesako peiyramthe
non- servi ngeRﬁﬁbchﬁEé‘ts{agi%f\’rawgﬁ?] T BmbifRbrdeniid b85&BIdbns s W@@l),t 0
one etween t at

mai ntain s ance e serving and non-° serving base s fons in
control | i nthe becdtid paremeteBpeay bé et ty K*8ficand the fird paraeretesmayj hes sed
following th Oé&%ell[ fromthe non-serving base stations, the power

adj ust ment ! -1 -arger than if the adjustnent is solely based on the

comands fmjg@heﬁeéev;bne tﬁagéﬁcéd ahimbALARb dsdd hsdcHerhaRfRtarcmbgd ment

uses a sch imlar tot first exanple, biased toward the serving base
station, déisstréxasdplebbiasedDtoward theCserving hase tstatiory desearbedsaboven tAse

serving base,station are.recejved, the seryi e st.ati C are
used to de%@ﬁ%ngum? ﬁ;gfs %ﬂhFEaQ@%FPmWV%?H@HE}ﬁE?%‘Q% &%28%%%3%
decreased. r&EEAE thet §tving B4se 8ot dmAiahBsCdre LRl B9 \Weterfilng 3ehdtRenade
in proportion to a first paranmeter, ST. During PCGs in which commands from
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step size of the power change is made in proportion to a first parameter, ST.

During PCGs in which commands from the serving and non-serving base
stations arrive, the non-serving base station commands are combined (using
the “Or-of-downs” rule) to form a combined command. The up or down decision
is made by using the “Or-of-downs” rule on the serving base station command
and the combined command. In this example, the combined command and the
serving base station command are weight-combined to form a metric, M. The
power is adjusted with an up or down step size in proportion to a second
parameter, computed as M*ST.

[1098] Using the relative frequency of the command streams, shown in FIG.
11, the metric M may be computed as follows. A +1 is assigned to an up
command and a —1 is assigned to a down command (those of skill in the art will
recognize that these values are examples only). The combined command (“Or-
of-downs” of the non-serving base stations) is multiplied by four and added to
the summation of the four previous commands from the serving base station to
form the metric, M. For example, at PCG n+3, M is calculated as follows: M =
4*(Or-of-downs(Bn,3, Dnsa)) + Cnia + Cnsz + Chst + Ch.



commands fromthe serving and the non-serving base stations are conbi ned
(using the "Or-of -downs"” rule) to forma conbi ned conmand. The up or down
deci si on we oaegsdy usi ng the "O-of -downs” rule on the secviusgs/sase
station WD 03/067783 PCT/ US03/03812 29 command and the conbi ned conmand.
When the combined command is the same 3% the servi ng base station command,
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command and a -1 is aSS|gned to a down command (those of skill in the art
will but the scope of the present invention is not limited as such. Those of skill in
the art will readily apply the principles herein to various other communication
systems. These and other modifications will be apparent to those of ordinary
skill in the art.
[1102] Those of skill in the art will understand that information and signals
may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any combination
thereof.
[1103] Those of skill will further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as
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particles, optical fields or particles, or any conbination thereof.
microprocessors in conjunction with a DSP core, or any other such
configuration.
[1105] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such the processor may read
information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.
[1106] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
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constral Nt SHofRp $RAIANDINT 3 B docdlid the idesELoBp! SaKISERY wifPhig™n!

the descri unctionality in varying ways each particul ar
appl i cat i orpringigles ant novelfeatures discioseddwrsinons shoul d not be interpreted

as causin argure_f ope of the present invention. [1104] The
vari ous i?ﬂﬁ%&?ﬁti@@”FB&#@Q?A@E€EE§Eandu|es, gnd circuits descriLed %n

connection with the enbodi nments disclosed herein nay be inplenmented or
performed with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field
programmabl e gate array (FPGA) or other programrabl e | ogic device,

di screte gate or transistor logic, discrete hardware conponents, or any
conbi nati on thereof designed to perform the functions described herein. A
general - pur pose processor may be a mcroprocessor, but in the alternative,
t he processor nay be any conventional processor, controller,

m crocontroller, or state nmachine. A processor may also be inplenented as
a conbi nation of conputing devices, e.g., a conbination of a DSP and a

m croprocessor, a plurality of m croprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such
configuration. [1105] The steps of a nmethod or algorithm described in
connection with the enbodi nents disclosed herein my be enbodied directly
in hardware, in a software nodul e executed by a processor, or in a

conbi nation of the two. A software nodule nmay reside in RAM nenory, flash
menory, ROM nenory, EPROM nenory, EEPROM nenory, registers, hard disk, a
renovabl e disk, a CD-ROM or any other form of storage nediumknown in the
art. An exenplary storage nediumis coupled to the processor such the
processor may read



information from and wite information to, the storage nedium In the
alternative, the storage nedium my be integral to the processor. The

pr ocessorweand/o611e3 st orage nmedi um nmay reside in an ASIC. Tire TASHEDISHY

reside in a user terminal. In the alternative, the processor and the
storage nmedium may reside as discretezx%nponents in a user term nal

[ 1106] The previous description of the disclosed enbodinents is provided to
enabl e any person skilled in the art to nmake or use the present invention.
Various nodifications to these enboqQ: Wi || be readily apparent to
those skilled in the art, and the g princi ples defined herein may be
applied to WO 03/067783 PCT/ US03/ 03812 32 other enbodi nents w t hout
departing fromthe spirit or scope of the invention. Thus, the present

i nvention s nofAniappanalted, c@mbémhghited to the enbodi nents shown herein
but is to be accorded ¢ onsistent w.th t I, NCI. and
novel feat ur oo BT HELRT FEVANRO A ASEIY Grk el s fom g aBEs 55
PCT/ USO3/ Ogsthdte stdtiéhdl M5 1. An apparatus, conprising: a receiver for
receiving a plurality of transmtted signals froma plurality of renote
stations; a powerpuen astimator der measuringdgtheneowemnet tha plurality ofr racetvpdof

ecelved SRR St SRR PIRR B YAl ey roasur oot

generating a coplpro€gsgop&t contr ol commnd fromthe plurality of power

control commands; and a transmtter for transmtting the conbi ned power
control command. 2 gﬁ@e@ypgraaqlugalwot;p@w%qontw{@pmrnaréc&o@ngf the plurality

of power control Hgﬁéllﬁyfmgle{ ESIBIrdY bORELRSRA ¢ d?ﬁﬁm%ﬁa%?om thé g%f}gmg} i m

power |evel for the “respective renote station. he apparat u
2, wherein the obpbweecbrptwlmommdsqlamiorrrrand d| rects an increase if one

or nore of the plurali ower tr nds is
gtransm&tgr f%r tlp nsmlttmg rhe com ne;rgapower control command.

2. The apparatus of claim 1, wherein each of the plurality of power control
commands directs an increase or decrease in transmit power level for the

respective remote station.

3. The apparatus of claim 2, wherein the combined power control command
directs an increase if one or more of the plurality of power control commands is

an increase and a decrease otherwise.

4, The apparatus of claim 1, wherein:

the plurality of received signals comprise reverse link power control
commands; and

the power level of the transmitter is adjusted in accordance therewith.

5. The apparatus of claim 4, wherein the transmitter power level is
decreased if one or more of the reverse link power control commands directs a

power level reduction and increased otherwise.

6. The apparatus of claim 1, wherein:



an increase and a decrease otherwi se. 4. The apparatus of claim1, wherein:
the plurality of received signals conprise reverse |ink power control
comuands;wend/o61183 power | evel of the transmtter is adjusted/uisni/essenr dance
therewith. 5. The apparatus of claim4, wherein the transmtter power |evel
Is decreased if one or nore of the regrse |ink power control commands
directs a power |evel reduction and increased otherwi se. 6. The apparatus

of claim1, whepgénor WedIR3/PEHESBIUREITY USD366884@ sighaleneompriser syrobolshe
plurality of received signals conprise synbols transnmtted sequentially in
sl ots; andtrangmitedsaauesyiathvinsipisoaNdequential slots are conmbined prior to

power control command ge ' i ChievVEormbinea! rio?-to?tﬁrer
appar at us of cIQP%,rﬂg\%e%%kﬁ%*gg%?ﬁgﬁleﬂgﬁer control c%rman s are

transmi t t egogtesiudmimahd yeneratishdbsthearedpactiengignald power control conmand is
repeated for one or nore slots. 8. The apparatus of claim1l, wherein: the

receiver further receives a second plurality of signals transmtted from a

second pl UZa| i Hfhgfaé{g%ga%? of beihONSyhdrB@: pover estimator further neasures

t he power oOf the se urality of received signals and generates a
second pl ural it theokosibime ppweerconirehsomemandss are frangmiited seaueqtialiyein
generates a second plurality of power control conmands corresponding to
each of t h&lois@Y plurality of signal power neasurenents; and the

transmtter tfaasd‘B'T;ﬁﬁinéd%WEbﬁfroWﬁmaﬁanérré&ea:@drmm domeezblots. t he
second plurality of renote stations, respectively. 9. The apparatus of

claim8, wherein each of the second plurality of power control commands is
he secondpl ur TTEPRAF Al Lo 8RB mmnds i reat s an i nor oase o a
decrease in thefd pssivdr foAMET receivel a second plurality of signals transmitted from
a second plurality of remote stations;
the power estimator further measures the power of the second plurality of
received signals and generates a second plurality of signal power
measurements;
| the processor further generates a second plurality of power control

commands corresponding to each of the second plurality of signal power

measurements; and
the transmitter transmits a stream of power control commands to each of

the second plurality of remote stations, respectively.

9. The apparatus of claim 8, wherein each of the second plurality of power

control commands is a channel quality indicator.

10.  The apparatus of claim 8, wherein each of the second plurality of power
control commands directs an increase or a decrease in the transmit power level

associated with the respective remote station.

11.  An apparatus, comprising:

a receiver for receiving a plurality of power control channels, each power
control channel comprising a sequence of slots, one or more of the plurality of
power control channels comprising power control commands transmitted in one

or more subsets of the sequences of slots;



associated wth the respective renote station. 11. An apparat us,

conprising: a receiver for receiving a plurality of power control channels,
each powewo o678l channel conprising a sequence of sl ot #CTarses/asinore of
the plurality of power control channels conprising power control conmands
transmtted in one or nore subsets of BBe sequences of slots; WO 03/067783
PCT/ US03/ 03812 35 a transmtter for transmtting signals at a transmt
power |evel; and gamrites se trdrymittihgusignalg att berdrisanis pbiveplvel; angvel during
each slot in response to the plurality of power control channels. 12. The

appar atus of cl & Rracess@hdpepdiusted ghe it poweslene! gHENG ©AsBNSIet ifower
| evel for r ol commands received in

t hat sl ot %%gg%@éeggro ﬂrﬁ(g?em%p&tﬁepd[%ﬁ:a iﬂ%&(‘) p(%%/\'/er control channels

i ndicates a decrease, and increases the transnmt power |evel for the slot

ot herw se. 13. e apparatus, of claim 11, erein the processor decreases
Che tranemi . ol SPRATEN s o R 1 < PBFrEim LT BIRECSROREoBTos e st
recently ressiat9evel YR back YWt Vihers BHERI $ofe” FENERESNIPS! ddMmBhHS PédiVedf

power control channel's i ndicates a decrease, and increases the transmt
power | evelinfhat sidteors boe astrherendfstbe pdralityhef powwerr econteol ehaohelsrinditatesteer ei n:

a first power contraol,.channel .conpri ses power nt.rol , co nds in each of
the sequendifCiTass gnd.NGIRASER e FBuaBl peWet Tows TRIAhe oot alidiicens 1 ol
commands received in a slot fromthe renainder of the plurality of power
control channels to forma conbined power control command; adjusts the
transmit polier |Thecappasatushef claim 1|1nWB¢f6ﬁ!Ibth pipcesser degreasesiedranssnit i n

accordance wi i e fli -
channel andiet 8 1848 SBF Wt SRTPERRHS bt ieSidst Mooy fEieiTREERL o
not cont ai rcoptrpbgemnemdsfrdmaaichesfdné lurblitg of lpower adintet shdringld inalicites
power level for the slot in proportion to a second paranmeter in accordance
With the cchBeHEASHARY incERASes the tnsEMPWRIHeYSIJOE Hith$IAERtNEBNES: cont r ol
command for the slot, if any, 1is the same as the power control command of
the first power control

14. The apparatus of claim 11, wherein:

a first power control channel comprises power control commands in each
of the sequence of slots; and

the processor:

combines any power control commands received in a slot from the
remainder of the plurality of power control channels to form a combined
power control command;

adjusts the transmit power level for the slot in proportion to a first
parameter in accordance with the power control command of the first
power control channel when the remainder of the plurality of power
control channels do not contain a power control command for the slot;

adjusts the transmit power level for the slot in proportion to a
second parameter in accordance with the combined power control
command when the combined power control command for the slot, if any,
is the same as the power control command of the first power control
channel; and

decreases the transmit power level for the slot in proportion to a
third parameter otherwise.



channel ; and decreases the transmt power |level for the slot in proportion
to a third paraneter otherw se. WO 03/067783 PCT/US03/ 03812 36 15. The
appar at uswofo3pé7asin 14, wherein: the ratio of the rate of pomaSoz@siy ol
commands in the remai nder of the plurality of power control channels to
the rate of power control conmmands in t first power control channels is
K; the second paraneter is set to Knultiplied by the first paraneter; and
the third paranmeter is set to K-1 nultiplied by the first paranmeter. 16.

The appar aygs Oﬁh§|®lpméasomgﬁl1m wheréihst power control channel conprises
power control commands in each of the sequence of slots; the remainder of

the plurality otheptatier ofcthe: rade otmmeelognﬁ@hpequsomﬁhe reorinder efoeands

oot ved | AesaLy of BBk eBnRoNERERI o RE R AP RRIo SR Mrhho BURR o)

channel s tﬁrsﬁ@b%@c@ﬁﬁ@l‘ﬂ%ne@l‘éﬁ( control command; adjusts the transm't
power |evel for the slot in proportion to a first paraneter in accordance

with the power BhseasIndRArATIRICDS Sehto Klmﬁlﬁlp"?ﬂ)hbéﬂh%ﬁfﬁ* paranelgrnd when t he
remai nder of th@fﬁﬂgﬂﬁﬂdr X}e?érl ;%gffo KoMt Imﬁ?}?qﬂﬁ éﬁ?td&rgﬂlte gontain a

power contr ol and a ransm power | evel
for the slot in proportion to a second pararreter ot herwi se, the second

par amet er corrputed as the sumof the K nbst recent power control conmands
recei ved onbt he The@pparyysef cldnttlowhei@iRhel and K nul tiplied by the

combi ned powver g‘?i'r?r%t d%ﬂweﬁéﬁﬁ?ﬁﬁﬂhaﬂﬁela i e@% é;?cfv?@rrccﬁﬁﬂil COHIR S | rb&hf' rst

node or a secon conpri sing: recerving a first
channel frofihe sexueneestfatatein when operating in the first node, the first

channel conpri S* egrecrr%ﬂger ofqt'ﬁ%l 6IE|>Iali{yn fp():gvtvgrr &ontrol channels comprises power
control commands in every K slots; and

the processor:

combines any power control commands received in a slot from the
remainder of the plurality of power control channels to form a combined
power control command;

adjusts the transmit power level for the slot in proportion to a first
parameter in accordance with the power control command of the first
power control channel when the remainder of the plurality of power
control channels do not contain a power control command for the slot;
and

adjusts the transmit power level for the slot in proportion to a
second parameter otherwise, the second parameter computed as the
sum of the K most recent power control commands received on the first
power control channel and K multiplied by the combined power control

command.

17.  An apparatus, configurable in a first mode or a second mode, comprising:
a receiver for:

receiving a first channel from a remote station when operating in

the first mode, the first channel comprising channel quality indicators;

and



and WO 03/067783 PCT/US03/03812 37 receiving a second channel fromthe
renote station when operating in the second node, the second channel
conpri si Myomamer783 cont r ol comrands; a processor for: confiPguEMiSngoIshe
apparatus in the first or second node; determning a transmt power |evel
in response to a channel quality indicavor when configured in the first
node; and determning the transmt power |evel in response to a power
control conmand when recgitingurae dsecontihehaaneindramdihe arethatet rstatiomi tviesn f or
transmtting to the renmpte station in accordance, with the transmt power
level . 18. The ARSARUIALY &ie Seaprd 1modey e spCUnsAENRG CORPHSIEr PRWE! mat or
for measuring the ReVesmRfandde first or second channels and generating a
si gnal power neasurenent; and wherein: the processor further generates a
reverse |ink poweprocesserdbr.command in response to the signal power

measurenent; and the transmitier transm.tg, one or nore reverse |ink power
control comuands to PR g't‘@?ﬂ){r@ %@%ﬁrﬁﬁ‘ﬁ.'ni@? f'ﬁt\ﬂrtsgf"g'&"l%ﬁermni cation

device, conprising: ek&eAhing’ af %néﬁﬂeFﬁW@g lavdll I absponsef 16 rAHarneed
signals froma plurality of “renote stations; a power estimtor for
measuring the pauafitydhdicatorpyharaconfigused irethei firsdmodeyaadls and generating a

plurality of signal p r. syrenents.. rQc r. for: rapli
plurality of power cﬁ?@'%@nﬂi&g‘énsﬁh%@?&r%’?’?ﬁdnal%éfgﬂﬁ?%:ta éoag?’gf
control command don@dl édramaindrihér Yonfidurb@\e thecsedorel medenandls; and a
transmtter for transmtting the conbined power control command. 20. A

wirel ess comunidcHeyRitigeforclEansaiing i e remate gtatiansin apsgedasiceavitl ignd
mode,  ComprSisAdt power level.

18.  The apparatus of claim 17, further comprising:

a power estimator for measuring the power of the first or second
channels and generating a signal power measurement; and

wherein:

the processor further generates a reverse link power control command
in response to the signal power measurement; and

the transmitter transmits one or more reverse link power control
commands to the remote station.

19. A wireless communication device, comprising:
a receiver for receiving a plurality of transmitted signals from a plurality of
remote stations;
a power estimator for measuring the power of the plurality of received
signals and generating a plurality of signal power measurements;
a processor for:
generating a plurality of power control commands; and
generating a combined power control command from the plurality
of power control commands; and

a transmitter for transmitting the combined power control command.

20. A wireless communication device, configurable in a first mode or a
second mode, comprising:



WO 03/ 067783 PCT/ US03/03812 38 a receiver for: receiving a first channel
froma renote station when operating in the first node, the first channel
conpri si oobaemted quality indicators; and receiving a secorusovbmmnel from
the renote station when operating in the second node, the second channel
conprising power control comrands; a pg@cessor for: configuring the
apparatus in the first or second node; determning a transmt power |evel

in response to & &eelveelfor:qual ity indicator when configured in the first
node; and determning the transmt power |evel in response to a power

control command when f@%ﬂVﬁ”@Lﬁé‘és_tiW%‘@' §'88bﬁdemﬂi%_;3t% &’hﬁf‘éﬁ@f?mgﬂmfor
transmtting to Qirétemﬁo‘ae,Sthétﬁrg{‘chQnﬁ?lcéﬁrﬂﬁﬁ‘éiﬁgﬁﬂﬁdﬁn@h%ua‘i{yaﬂ%mattoref)v"er
stem including a wireless

| evel . 21. A wireless conmini cation sy
conmmuni cation dan ce, the wireless comuni cati on device conprising: a

recei ver for receivin uralit

a pl of trangm tted signals froma pluralit
of renote stations; rgc%g r %s¥q OtcthPBF‘dné%@Urmﬁggﬁer‘l‘éOtBO\ﬁ%'t'o@f F‘)’Y'Pﬁ-:n Y

plurality of refogjevﬁ%g 1 9ne!sbcBnd mensr &d @Ec@n@'dﬁfaﬁhb][ xom‘pr@ir@g wBpver

measurenents; a processor for: generating a plurality of power tro
commands; and geoatrat cogmandspbi ned power control command fromthe
plurality of power contr.ol commands; and a transmitter for transmtting
t he conbi ned p0\)9ePr°88ﬁ§9rJPr'commnd. 22. A wireless comunication system

including a wirel ess C@@.n@ynﬁgmé Q@pa,dmg ifehe Gifdtfor seEahd endde;a first node or
a second node, conprising: a receiver for: receiving a first channel froma
renpte station when ¢lgdermining ian trappeait ppwer devel, in Hesponset te harthannel

conpri sing channel8HakickYor Witk 8bMigiired H'he first mode; and

determining the transmit power level in response to a power
control command when configured in the second mode; and
a transmitter for transmitting to the remote station in accordance with the
transmit power level.

21. A wireless communication system, including a wireless communication
device, the wireless communication device comprising:
a receiver for receiving a plurality of transmitted signals from a plurality of
remote stations;
a power estimator for measuring the power of the plurality of received
signals and generating a plurality of signal power measurements;
a processor for:
generating a plurality of power control commands; and
generating a combined power control command from the plurality
of power control commands; and

a transmitter for transmitting the combined power control command.

22. A wireless communication system, including a wireless communication
device, configurable in a first mode or a second mode, comprising:
a receiver for:
receiving a first channel from a remote station when operating in
the first mode, the first channel comprising channel quality indicators;
and



WO 03/ 067783 PCT/ US03/03812 39 receiving a second channel fromthe renote
station when operating in the second node, the second channel conpri sing
power cowoOreleedmands; a processor for: configuring thePapasnz0ass2in the
first or second node; determning a transmt power level in response to a
channel quality indicator when configuggd in the first node; and
determning the transmt power |evel in response to a power control

command when confi guregkivingt Be seeenad chadgel druin atie aeAotét efatibhr when
transmtting to the renpte station in accordance with the transmt power

level . 23. A netoRSERHT poilke seeard dnodeoiier peseny chareeleogpesipouReWet y of
signals froma %|0H¥r8' éémm(% genote stations; nmeasuring the power of each
of the plurality~of "récei veg Signals; generating a plurality of power

control commands processwrfdance with the plurality of nmeasured powers; and

conbining the plurality of power control conmmands to forma single power
control command. 24. CPREIWRNCHG apParatssHn she firshor seForGMAdesi ng

transmitting a seriegf, eﬁﬁgt 50@5%92@9\)@{] ISRt wohewgﬁn%?ham@pp; i on

by the plurality of reno at 1 ons. e met ho erein
the plurality ofquatityendicatar mdiencconfigndsd in theifrstt modetdret an i ncrease or

decrease, and the corcr@:lﬁned .BOV\ﬁ{? ontrol command is generat d as _an

i ncrease when one or TRINgt Erlau”rsﬁ'l'ﬁ POVET 1e¥EL TESRPRYR 1RoATRAUE i s an
i ncrease and a depfpSSinAIaRaWhePcomfyurd@h 1Y SRbnaimelé ap@3. further
conprising: receiving an additional signal froman additional renote
station; neasum@ mansrhidtenfatitransmitting tgrihe rampte statioatin mgeardaneanwith theal ity

i ndi cator in Lesponse the,r eto; and WD 03/067783 PCT/ US03/ 03812 40
transmtti ﬁrﬁ‘n?% %%?Hgyequal ity indicator for reception by the additional

23. A method of power control, comprising:
receiving a plurality of signals from a plurality of remote stations;
measuring the power of each of the plurality of received signals;
generating a plurality of power control commands in accordance with the
plurality of measured powers; and
combining the plurality of power control commands to form a single

power control command.

24. The method of claim 23, further comprising transmitting a series of the
combined power control commands for reception by the plurality of remote

stations.

25.  The method of claim 23, wherein the plurality of power control commands
indicate either an increase or decrease, and the combined power control
command is generated as an increase when one or more of the plurality of

power control commands is an increase and a decrease otherwise.

26. The method of claim 23, further comprising:
receiving an additional signal from an additional remote station;
measuring the additional signal and generating a channel quality

indicator in response thereto; and



renote station. 27. The nethod of claim 24, wherein one or nore of the
conbi ned power control conmands are transmtted two or nore tines in
subsequerwo 0B6ex183ri ssion intervals. 28. The nmethod of cl aiPera&p3/edser ei n t he
channel quality indicator is transmitted two or nore tines in subsequent
transm ssion intervals. 29. The nethod4gf claim 23, wherein: the plurality
of signals conprise power control commands transmtted in a sequence of

slots; and ”anﬁﬁhsﬁﬁitﬁﬁg ife PRAARSINRShIit irddicator doTcreception Byt thanaaditiomalwer
| evel ; and further conprising: decreasing the transmt power |evel when
one or noreembtetHatign.urality of power control commands in a slot indicate
an decrease, and increasing the transmt power |evel otherw se. 30. The
met hod of claim 29, wherein one or nore of the power control commands are

repeat ed i p7suUipREHEHodSbbtRImapdl, wheraieperat ed moreeof domtqosibinedmavels are
conbined prior to adjusting the transerbajt ower |evel t'i n respor@ e HSé}g‘reto.
31. A net hodnigél mememandst AL , rapapit nU‘.PO r Qe 'TSS uParS g v Bowner
cont rol chﬁgﬂgﬁs%oergﬁfgrggpéer control channel conprising a sequence of

re o

slots, one he plurality of power control channels conprising
power control conmmands transmtted in one or nore subsets of the sequences

f slots; t itti ' | t L 1t . ; : 1 I th
{ransm . p@fer nesveinaiel daerwoBisin e Phandit eyl fear FREvfogtegno 1he
power cont ol ot KHtBGInTes INQUBREAAEHERaNlisbISAIN@ARIS 41 32. The nethod of

claim31l, whérein the transmt power adjusting conprises decreasing the
transmt power |evel for each slot when one or nore power control comrands

received in that sl gt ne .of the plurality of power control
channel s i rdi c ee@eg“?f’g%r‘g%'%?é’aﬂﬁéféﬁ@r easing the transnit power level for
the slot ot her wige plutdlity D1sighdl§ edmprisel power3dontmdi eceimande tranamittad inower

adj usting conprises
a sequence of slots; and

transmission is performed in accordance with a transmit power level;, and
further comprising:

decreasing the transmit power level when one or more of the plurality of
power control commands in a slot indicate an decrease, and increasing the

transmit power level otherwise.

30. The method of claim 29, wherein one or more of the power control
commands are repeated in subsequent slots, and the repeated power control
commands are combined prior to adjusting the transmit power level in response

thereto.

31. A method of power control, comprising:

receiving a plurality of power control channels, each power control
channel comprising a sequence of slots, one or more of the plurality of power
control channels comprising power control commands transmitted in one or
more subsets of the sequences of slots;

transmitting signals at a transmit power level, and

adjusting the transmit power level during each slot in response to the

plurality of power control channels.



decreasing the transmt power |evel for each slot when one or nore of the
nost recently received power control comrands from each of the plurality
of power womaewB3 channel s i ndi cates a decrease, and i ncr @agiusg3/oise2
transmt power |level for the slot otherw se. 34. The nethod of claim 31,
wherein: a first power control channel 4donpri ses power control commands in
each of the sequence of slots; and the transmt power adjusting conprises:
conbi ni ng gpy pPTke meathod roblclaimrBia vdserecthievicansmit powesadjusting comprisesai nder

f the plurality of trol channels to f |
Cont 1ol " cofaeRabnacI B ARy neowPr i fobaneh 181 Bn g i B Heter
Pr OPOT L 0Ny} dofribind® RGHIFACn vt BRAGIIGHE r Wdrb iR pRUEIItySTTawar

conmand ofc{)he first power control channel when the remai nder of the
plurality edntpslvehannenindidatehardesreases anst ingeaasintthe oIt e develonmand
for the slot; adj ustinraf.the transmt power |level for the slot in proportion
to a secomtb%ﬁmré‘? 199-accordance with the combi ned power contr ol
comand when the conbi ned power control command for the slot, if any, is
the sanme as the power control command of the first power control channel;

and decrea88ng The methodmficlgowet, wherein they trangmi ipewer RdisIpEIRATIIISES a
Ui par aneter o1 NG SO 08Y OB S SSAHABBAR orRorsor st hod

of cl ai m 34; erate o ower control commands in

the renei negterflly reBBived! povadr dontl cpmmrands frompeach aiiies plurality e pewer of
power control cOmmands in the first gch)wer contraql Eﬁla nels.is K:

. t h
second par aogtrel channgls indicatesdl 4955Pa%R) W INGESIFING NG Pﬁﬁ@ftequ%rnlavgk he

third parapet i 0. K-1 multiplied by the first parameter. 36. The
nmet hod of ﬁr&ﬁﬁ}s@ﬁﬁ%ﬂeﬁg%.n: a first power control channel conprises power

control commands in each of the sequence of slots; the remainder of the
Plural ity of POwl CoMousr SR inGiRffpr | ses power
a first power control channel comprises power control commands in each
of the sequence of slots; and
the transmit power adjusting comprises:
combining any power control commands received in a slot from
the remainder of the plurality of power control channels to form a
combined power control command;
adjusting the transmit power level for the slot in proportion to a first
parameter in accordance with the power control command of the first
power control channel when the remainder of the plurality of power
control channels do not contain a power control command for the slot;
adjusting the transmit power level for the slot in proportion to a
second parameter in accordance with the combined power control
command when the combined power control command for the slot, if any,
is the same as the power control command of the first power control
channel; and
decreasing the transmit power level for the slot in proportion to a

third parameter otherwise.



control commands in every K slots; and the transmt power adjusting

conpri ses: conbining any power control commands received in a slot from

t he renmaiwo®s/0ef7ss he plurality of power control channels tPeTfusosnis12

conbi ned power control conmand; adjusting the transmt power |evel for the
slot in proportion to a first paranmeteq2in accordance with the power
control command of the first power control channel when the remai nder of

the plural gey ofTheawethodasitidiol 34, hanereirs do not contain a power control
command for the slot; and adjusti ng the transmt power |evel for the slot

in proportion t&aratiaebihe e Ffarohcemma %%@%FQ%PEF e
ted :Hg,;g ﬁg}ﬁ{% t d
gﬁn{oﬁeef [ ?? JrQ@XV\OE cont r@ﬁogﬁanne s Sdrig{ér{a%pﬁ"ﬁf{’ ééﬁ’tlrol e co | ne p\(;\(/aver

control cdirstypotverTontral cherineds ist,power control, operabl e in a first node
or a second nod [o50) | Si n rece| a f hapn froma renote
station when opgﬁ%\??qgw Harlaﬂ%t?" |,ssste “'“Ph%ﬂ’yﬁlg? ?@2 n{%nﬁ'ﬂq’ si ng
channel qual ity heHj é)réﬁnetéﬁ@,%'e‘t’td‘ﬂ ﬁrrﬁﬁ’t%h@é L RBIRSt pdramdigie renote

station when operatin t he second node, the 'second channel conprising
power control conmands; MD 03/067783 PCT/ US03/ 03812 43 determining a

transmt p r Vi nr onse, t a channel quality indicator when
operating %ﬁet hé‘;‘P' {hoﬁocgﬁa'@e:?b the transmt power level in
response to a pavist ﬁé\ﬂéf@&ntr&@ﬁﬁﬁﬁé‘l O@fms&f‘rﬁdm@ﬁxtm}cbhﬁnmmme;
and transmtting to the renote station in accordance with the transmt

power | evef thesgequeneernftsid®l of claim 37, further conprising: measuring the
power of the 1 454 1o EPBEYEARRhP PR BFBERAY BarR BBl

measur enent; generating a reverse OWer “con
the si gnabopnmomadsmvmy Kasibts; and
the transmit power adjusting comprises:
combining any power control commands received in a slot from
the remainder of the plurality of power control channels to form a
combined power control command;
adjusting the transmit power level for the slot in proportion to a first
parameter in accordance with the power control command of the first
power control channel when the remainder of the plurality of power
control channels do not contain a power control command for the slot;
and
adjusting the transmit power level for the slot in proportion to a
second parameter otherwise, the second parameter computed as the
sum of the K most recent power control commands received on the first
power control channel and K multiplied by the combined power control

command.

37. A method of power control, operable in a first mode or a second mode,
comprising:

receiving a first channel from a remote station when operating in the first
mode, the first channel comprising channel quality indicators;

receiving a second channel from the remote station when operating in
the second mode, the second channel comprising power control commands;



transmtting one or nore reverse |link power control commands to the renote
station. 39. An apparatus, conprising: neans for receiving a plurality of
signal s fwomsaspBurality of renote stations; means for neaswsongsihe power
of each of the plurality of received signals; neans for generating a
plurality of power control commands in43accordance with the plurality of
measured powers; and neans for conmbining the plurality of power control
comands to fordetermaiimyla trmserit pomer deveb ifraasPonE®. tatee chepaekayalitys

claim39, further conprising.reans for transmtting a series of the
combi ned pb\ﬁ&athoW??%Pp@EﬂW?adggh?ﬁFSt%%cLepti on by the plurality of renpte

stations. 4l. TheARRRRGHHE f?fxn@nﬁi FOVRE: Idvel tiheresponss itsi agiowerasentrolr
receiving an additional“signal froman additional renote station; nmeans

for neasur tomntane whien coofigurediinithe seeany@dpadn®g a channel quality

for transm 11 ngBORBRINAADHS feAplG SR R APEREE W e Hehgin hiens

addi tional |gygpote station. 42. An apparatus, conprising: neans for
receiving a plurality of power control channels, each power control
channel conprising a sequence of slots, one or nore of the plurality of

power contgl chann Q [:Sd Lok, commands transmtted in one
or nore suéget s?gf; ’ﬁ%‘@@e@%@%@%ﬁ%ﬁ?@%ﬂg s for transmtting signals
at a transmt poweashi@vgthe podenedthe ffiost adesarichghanmels cadsgenerpinge | evel

during each slot in response to the plurality of power control channels.
43. An app&igaalBOWepereASHEEMANt, first node or a second node, conprising:

means for recei \é%%r%te”t'é’ .rétr?\?égﬁgrlﬂk HEWER Boh@IPESMPaHd AN rédpomseper g Ng

inthe first no iTs nnel’ conprising channel quality indicators;
signal power measurement; and '

transmitting one or more reverse link power control commands to the

remote station.

39. An apparatus, comprising:

means for receiving a plurality of signals from a plurality of remote
stations; ‘

means for measuring the power of each of the plurality of received
signals;

means for generating a plurality of power control commands in
accordance with the plurality of measured powers; and

means for combining the plurality of power control commands to form a

single power control command.

40. The apparatus of claim 39, further comprising means for transmitting a
series of the combined power control commands for reception by the plurality of

remote stations.

41. The apparatus of claim 39, further comprising:

means for receiving an additional signal from an additional remote
station;

means for measuring the additional signal and generating a channel

quality indicator in response thereto; and



means for receiving a second channel fromthe renpte station when
operating in the second node, the second channel conprising power control
comands;wowane’78dr determining a transmt power |evel i|inPCEFAS056B110 a
channel quality indicator when operating in the first node; neans for
determning the transmt power |evel in44esponse to a power control
command when configured in the second node; and neans for transmtting to
the renote st atimeans facicanshaitting thiet tharine! quaditysindicapervier reesption By 4de The
apparatus of c¢laim43, further conprising: neans for measuring the power of
the first AdMQNGheemaigHaienand generating a signal power nmeasurenent :
nmeans for generating a reverse |link power control command in response to
t he signal power neasurenent; and neans for transmtting one or nore
reverse | i @R. poviar apparatud, coopmsingds to the renote station. WO 03/ 067783
PCT/ US03/ 03812 45 45, A wireless ‘:orﬂuni cation sA/sterHﬁ cog%rﬁi Si ng: means
for receiving a BPARSIPN [ECEIVIG GnRIUalY O ROWRILFAIYRL ChaNNelRach BPWES ons:
means for rRage bﬁﬁnﬁé]%dh%ng)ﬁ ﬁfi}én_@é dihgote! Bha!drinfokf of %%M?éiity of
signals; means for generating a plurality of power control conmmands in
accor dance paver qandrobcharinels gootprisingspewer ganielcomnmeands fragsmitecciondiei ng

the plurality of we r Ql Q forma single power control
comand. 4&’5‘&%’& \%%Sgﬁseégtﬂ%os%ﬁﬂﬁﬁggggﬁo stem of claim45, further
conprising neanfe&®s fdrtansHitihg Rigraus &t & exinemit fevsaebéingdd power control

commands for reception by the gl urality of renote stations. 47. The
wirel ess commniraa@ms)wrsaﬁu%lﬂgd e dreasmitppweievelguringnprshssiatin resBARSY or

recei ving 3p tﬁéjglutrélﬂp%lf pﬁi/vgp%mfr&%ﬂa%'ﬁe%qdi tional renote station;

43. An apparatus, operable in a first mode or a second mode, comprising:
means for receiving a first channel from a remote station when operating
in the first mode, the first channel comprising channel quality indicators;
means for receiving a second channel from the remote station when
operating in the second mode, the second channel comprising power control
commands;
means for determining a transmit power level in response to a channel
quality indicator when operating in the first mode;
means for determining the transmit power level in response to a power
control command when configured in the second mode; and
means for transmitting to the remote station in accordance with the

transmit power level.

44. The appar.atus of claim 43, further comprising:

means for measuring the power of the first or second channels and
generating a signal power measurement;

means for generating a reverse link power control command in response
to the signal power measurement; and

means for transmitting one or more reverse link power control

commands to the remote station.



means for measuring the additional signal and generating a channel quality
i ndicator in response thereto; and neans for transmtting the channel
qual ity iwdiosaé083 f or reception by the additional renotePsralSIBBSIAE. A
Wi rel ess commruni cati on system conprisipg: nmeans for receiving a plurality
of power control channels, each power ntrol channel conprised of a
sequence of _sl Oésvi/]ibealnd one or .nmore of th urality of power control

i

|
channel s cBfpri ﬁ%%@?mMﬂ'?%}lo%%ﬁ%'ﬁggogPF'émgmtted in one or nore

subsets of the HeNfR Ricelifd S5 PIBRANE bPTsigha8orht ANBIuFAIBPBfS rethot@
transmt power level; and neans for adjusting the transmt power |evel
duri ng eachtadibos; i n response to the plurality of power control channels.

foceiving a pl ulaeney o5 mepgnafe ShBchGubh ieo 5t ohe, el o dretsRen
WO

measuri ng tjgpapewer of each of the plurality of received signals;
03/ 067783 PCT/ U503/ 03812 46 generating a plurality of power control
conmands in accBle@ascdokn genarging pAupliralty of pewstr eentrwsosimands in

conbi ni ng I i f r Wg%l o forma single power
control cohﬁﬁ?@?%%wn#ﬁ@g%‘ﬁgﬁﬁo‘%ﬁ@%%gﬁ@? ur’'t é’tr operable to performthe
fol | owi ng st epsmeaneder contiringandipluratigl ofspemed conteoh commddds ite fieim menot e
station; neasuring the additional signal and generating a channel quality
i ndi cat or FINIIERPM¥PEONIFRI COMIMaRGd transnitting the channel quality

i ndi cator for reception by the additional renote station. 51. Processor
readabl e nedia, operable to performthe following steps: receiving a
plurality d6. poillbe wireless| comanmatatione asystepovadr claomt 45) furthernaempdsimgri sed

of a sequence of, sl.ots, .and one .or e of the pluralit f ower contr ol
channel s cBEANSsORYT 'ngo"ﬁtspﬂ?s%W@Q'P%ﬂﬁﬂW‘?feﬁorﬁﬁd’ﬁﬁmaﬁ)dsfr@ e
subsets of JddetioR Byane plFalif! Fireéndié adiBhsl i Ng signal s at a transmt power

| evel ; and adjusting the transmt power |evel during each slot in response
to the

47. The wireless communication system of claim 45, further comprising:

means for receiving an additional signal from an additional remote
station;

means for measuring the additional signal and generating a channel
quality indicator in response thereto; and

means for transmitting the channel quality indicator for reception by the

additional remote station.

48. A wireless communication system, comprising:

means for receiving a plurality of power control channels, each power
control channel comprised of a sequence of slots, and one or more of the
plurality of power control channels comprising power control commands
transmitted in one or more subsets of the sequence of slots;

means for transmitting signals at a transmit power level; and

means for adjusting the transmit power level during each slot in response

to the plurality of power control channels.

49. Processor readable media, operable to perform the following steps:
receiving a plurality of signals from a plurality of remote stations;
measuring the power of each of the plurality of received signals;



plurality of power control channels. 52. Processor readable nedia, operable
to performthe follow ng steps: receiving a first channel froma remote
station vwensopesating in a first node, the first channelpcearsps/ming
channel quality indicators; receiving a second channel fromthe renote
station when operating in a second nodg the second channel conprising
power control commands; determning a transmt power |evel in response to
a channel qual i gynéraghgat pluraiineof ppeeratomigoliconimands i acoardencel edtbrteni ng
the transmt power level in responae to a power control comrand when

conf i gur edpluralitnef seasHEhBewersa@ldt ransnitting to the rempte station in

accordance w t th#ﬁ)iﬁiﬁ&'}ﬁ@ bluPaﬂWrof MW@:I control commands to form a single

power control command.

50. The media of claim 49, further operable to perform the following steps:
receiving an additional signal from an additional remote station;
measuring the additional signal and generating a channel quality

indicator in response thereto; and
transmitting the channel quality indicator for reception by the additional

remote station.

51. Processor readable media, operable to perform the following steps:

receiving a plurality of power control channels, each power control
channel comprised of a sequence of slots, and one or more of the plurality of
power control channels comprising power control commands transmitted in one
or more subsets of the sequence of slots;

transmitting signals at a transmit power level; and

adjusting the transmit power level during each slot in response to the

plurality of power control channels.

52.  Processor readable media, operable to perform the following steps:
receiving a first channel from a remote station when operating in a first
mode, the first channel comprising channel quality indicators;
receiving a second channel from the remote station when operating in a
second mode, the second channel comprising power control commands;
determining a transmit power level in response to a channel quality
indicator when operating in the first mode;
determining the transmit power level in response to a power control
command when configured in the second mode; and
transmitting to the remote station in accordance with the transmit power

level.



