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PCT/ SE98/ 01077 1 TRANSM T POAER CONTROL 1 N A RADI O COVMUNI CATI ON SYSTEM
BACKGROUND This invention relates to the control of power |evels of
transmttewlods/g61@adbs in 5 tel ecomuni cation systens, in paptisedsanorpr ead
spectrum mul ti pl e access systens. Good transmt power control methods can -
be inportant to communi cati on systens h ing many si mul taneous transmtters

For - oxanpl o TASREAT PGRIOE COFrRAL Y 4 BattoSEPNnBcA FoNgEkne. m =

capacity in conmunication systens that use code division nultiple 10
access (CDMA). This is inportant for the uplink, i.e., for transm ssions
froma renpte termnal to the netV\BAE,KGR@UNn base station. Uplinks are

| ti | 1. ed | | CDVA tem
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nmuch- high n 15
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generator. The information si ‘andom si gnaf are typically
conbi ned by nul Gopd traesmibpower cantrolonethedssanbe uxﬁpatmatd @ﬁuﬁﬁdhﬂﬁmor

spreading the information, signal. Each information si 8&‘? Is allocated a
uni que spr “?Fa‘ aeOps, TARSILETS BegapsesuRh me oues theappual .
transm tt eggferdR Qﬂﬁ:sﬁf jointly
recei ved ag1 a corrggglg%dg Sl gn &@%& ?@@W@&Fmﬁﬁs&%@%a&énal s 20

over| aps abbtamﬁmgthwstmﬁIapacmﬁﬂrbmm&aiwn&?stmé thatgset0dS SivisfdronaRlipid gnal s,
I n both frequenc and 3@@ By correl ating the corrp05| te signal wth one of

t he unl®ueassss ds imppstaghfor theapliak.qies. i for tansmissions Soghatemald be
| d | k
Fecogn zed &R curﬁgPe%@éﬁgﬂﬁéF&é&Qf‘Mﬁ% s B B ARy R o | e

St ati on- BatigksSt at i on Conpatibility 25 St andard for Dual - Mode W deband

Spread Spectrum Cel lular_Systen', TIA/EIA Interim Standard TIA/EIA|S-95
(Jul'y 1993) andIn & typicel CONGA systempanrinformetiondaSs stoesay w bEItranEinitedSs 95- A ( May

commni cat FORTRT LR ERE AP TP PG e F et Presice b EPeLAPRBHER Akt ry
(oo, gl mharkaans seldss e SpabbSOSIS AT ARG LA L7,
i s provideby nyﬂmlpl'mmma proogss semktindes ¢aliedvoadiing or dpeadmgttbé informueiesur es t he
strength sz fal® IE%.cnt?mfcr:r%:a fo\ﬁ%ggna{ is rzﬂlocated a unique spreading code. A plurality of
coded information signals are transmitted as modulations of radio frequency carrier waves
and are jointly received as a composite signal at a receiver. Each of the coded signals
20  overlaps all of the other coded signals, as well as noise-related signals, in both frequency
and time. By correlating the composite signal with one of the unique spreading codes, the
corresponding information signal can be isolated and decoded.
The need for transmit power control in the uplink is recognized in current CDMA
cellular systems, as may be seen from "Mobile Station-Base Station Compatibility
25  Standard for Dual-Mode Wideband Spread Spectrum Cellular System"”, TIA/EIA Interim
Standard TIA/EIA/IS-95 (July 1993) and its revision TIA/EIA Interim Standard
TIA/EIA/IS-95-A (May 1995). Such standards that determine the features of U.S.
cellular communication systems are promulgated by the Telecommunications Industry
Association and the Electronic Industries Association located in Arlington, Virginia.
30 Uplink power control according to the IS-95-A standard is provided by a closed-

loop method, in which a base station measures the strength of a signal received from a
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PCT/ SE98/ ONOP¥56128 enpt e station and then transnits one powesRCHEEMBOW7hit to
the renote station every 1.25 nilliseconds. Based on the power control bit,
the renote station increases or decrease,zs its transmt (uplink) power by a

predet er mi ned anmount. According to Sections 6.1.2.3.2 and 7.1.3.1.7 of the

standard, a "zerp'. po cggﬁ | t GaH note . station to,LACrease
5 its tréﬁg?ﬁe_ &Bﬁﬁgﬁ\ﬁ{h&}e %@51091& I?oand&_gﬁm?)ﬁlzxg%8\5\%’?0%5‘3{1?%?%9{ !b auses

the renot e ;Hiakidias! Bastd Gh WS FovrérTohtralbif) te rBAYRIstatiBN Rlcrda¥eslor dBereEeits

| S-95- A standard al so addresses uplink power control in other situations,

such as whéeransmit ¢uplink) poweribyra predetersrsedsamauaim Atcefdingto Seetioisos kA3l 2bayd power
control nethod is active), byt these are t. pertinent to this application.
10 Tthé 1iefdhe w‘{%ﬁ?w? ha%‘mrmesat%lb&u#arthq KEolsitionig mereage £ or
transm gsi {r r b | . e | ess
mpor tat () CRn R ppWES RFSIYT'AE e ' HR° R blrof i e IRt

Downl i nks  ab dedkae its GraRénitpoweribvet dy fl aiBVaTlk IS-ITKA stahitird al¥8 wddresses Bsialk due

in part to the fact that interference fromother transmtters is a smaller
pr obl em f orpowee cortuoh in ethen sitatans, such apwhema remate siRtioneasaesses systenrfbeforeenpt e

15 termnal'’ Int _of view {the.interf.er fades coherently.with the
downl i nk si‘b?lglf’gq%ﬂf’gﬂﬂ‘é‘ﬁ“fc(?f‘k?]im&?ﬂ 158 He)%‘ﬁ%beémeiwqﬁpwlé%mﬁnspomr

control may, Biiéﬁﬁﬁ-ave been m sjudged because signals froma base station
are nut ual If/’ orthogonal in a comunication systemthat conplies with the
| S- 95- AOst andar dTheareed Fortmesmit pawerecontrol foothetdosvniink, izl, forttanshiizsions fomt a

renote termnal is orthogonal to the downlink signal intended 20 for it.
Mor eover, tth@nemwodstos remotestationshas bepn deemed dessimporgant ingreeptecdivlarpad | s

| ntended t oA ONRARERR s iERY! DRRAM SYRIPLIG Rl 07 Bl ie up i Nk

and downl i nK. incée 1t has usua een assunmed rence in

t he upli nk,linke! Thizensiohuvk bedn dusiitpas tethe fasnteepaatdrence Ao dthettranEmineerd t
power control has been deened |ess 25 inportant. In future communication
systens, sdpgismelenprgblamifonthe downlink than it is for thruplisk because frogvawdamatk, and

thus it is inportant. tq optigze both Links.indepen tl f .each,other. A
trivi all_sf ort _ al R ‘#IX‘ %\@e}m%@ﬁnﬁ ka\%ﬁfﬂ'ef)e ﬁg%@ﬁﬁ%‘@/@% S$&¥huni cati on
system in WhieaBedfor RIMIhe nk&l St BekniFBESHsRSt gower ERGRI HRAY a6 Wald BenpOVer
| evel and 30 mg‘gly reports the neasurenent to a base station, which

m ght adj usmisjudged peaays Agnalsfeom abage watisnarginybully prthegopaldnees. Such a
communi cati &%anigaei{gnls§'stgmn%'§ cB&Sﬁgs \9&1% e IE-%%-A standard, and hence a large part of
the mutual interference at a remote terminal is orthogonal to the downlink signal intended

20 forit.

Moreover, the IS-95-A standard specifies a communication system that is
intended to handle only speech, resulting in symmetrical load on the uplink and downlink.
Since it has usually been assumed that mutual .interference in the uplink, not the
downlink, {imits system capacity, downlink transmit power control has been deemed less
25 important. In future communication systems, services may not be symmetrical in the
uplink and downlink, and thus it is important to optimize both links independently of
each other.
A trivial form of downlink power control would be provided by a communication
system in which a remote terminal measures its received downlink power level and
30 simply reports the measurement to a base station, which might adjust its transmit power

in predetermined circumstances. Such a communication system is among those described

e S b+ vem———— . p—-
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PCT/ SE98/ 01077 3 in International Patent Publication No. WD 95/12297 by

G | housenygf ogMg120 Whi ch al so describes a communi cation systgemdRewi-¢h
downlink transmt power level is reduced by a predeterm ned anount based on
frame error rate neasurenents, received uplink power |evels, or received -
downl i nk power levels. 5 Downl ink power control in a system
conpliant with the IS-95-A standard is based on frame error rate (FER)
measur enei ntdiyational Patem Pablidation No. WD 851229 6isGitidusere@il ] which aldae system
Sections 6.6.4.1.1 and 7.6.4.1.1 of the IS-95-A standard note that such FER
reports céescHbessespmmprigation: systemip which-downdiak trensmit peweniayed is redudeddycal | v.
(Typi cal | n, d be sent every | -5 seconds. r obl em

W h i o8 prrbiegaich SR, S G Bing €t Bt hehsirsmen depa i unik eBuBh o) ¢ o
accunul at Mgg%mmdmnﬁwﬁ%@j ics. As aresult, it is inpossible to
track Rayl ei gh fadi ng and shadow fading. The nethod has proved to be so

sl ow that it i Downiiak pgwer ¢cantrolineakystemctiompliagt woith the 849924 etandard isHasedsi ng
downl i nk power contral me newer rsonal conmuni cations systens (PCS)

al so use Eﬁ)\%‘.’mﬁ‘@r e IB?aégremen%. ‘thexemots statigns which sg Egorth

o cona [5hesyRan aaaians 31d 211 RABHA R lorine 1OBIA ERRRN BoldShackuth | 0 2 9

GHz Code e Access ersonal nicat1rons Systens",

ANS| J- STPERG8pdrisugn b 36xit)whenty thieshald hasbeen erossedtand/of periodiclly! S- 95 st andard
In many respects. For_operation wth rate set 2, however, the J-STD 008

standard FBqifallysan KER renast would beisent every lehencendsovine problemnwith &his or s

wheneyer ' [ : rk.in conplete control of frame
error 10 pEhc 18 thap i pad W1l ® (debEa Sk i el ol Th St o

stati sti cFERYstaisded) gAoDtesull) it BHinpbssivlOWHRR Ra9Ieih fallifig ikl FrddwShdingar d' s
met hod. I n other comrunication system conceBts T ke C%DI T, which is

descr i bed Themethaddias Reqysd to beisqaiaw shatiitis ysnallyrattibused laardlyi any'gain

R2020/ CSE/ LG/ DSL P/ 047/ al , . UMLS 25 Code, Di vi sion Testbed (CODIT), CSELT

Centro St ﬁwpgeig’oﬁéé%@idoﬂvg@@égﬂ’mﬁ@é}g? ni S.p.A ed. (Aué. 199)5), t he

signal qual ity Sofe@iver persiifdl Edimmhicsink Bﬁstéd?sewt@%ﬂbhséégﬁ)fw ghe (BER)
a

instead of the FER Hence, good statistics can be obtalne ster, and a
renot &5 st &atwes efddds PEBRYstems atesspeaifiedia "Retsonat StationdBasé Sttiofit ypi cal Iy, 1-10

conpar | sof PP RYGHEERE 901 T30 ia S biEe Miuall A6 (SPMA or di ng
to the | SpeRodal onitflaibations Systbes' CANST JOETHO08 [ Lus 1993), MARhIL SWilaPtdrandl e

Rayl ei gh f adi ng. ]
the cellular IS-95 standard in many respects. For operation with rate set 2, however, the

joud
O

J-STD-008 standard requires the remote station to report downlink frame errors whenever
20  they occur. This puts the network in complete control of frame errors, but it still takes a
long time to accumulate the appropriate statistics, yielding only slight improvement over
the IS-95-A standard’s method.
In other communication system concepts like CODIT, which is described in
"Final Report on Radio Subsystem Functionality", R2020/CSE/LC/DS/P/047/al, UMTS
25  Code Division Testbed (CODIT), CSELT Centro Studi e Laboratori Telecomunicazioni
S.p.A. ed. (Aug. 1995), the signal quality is determined by estimating the raw bit error
rate (BER) instead of the FER. Hence, good statistics can be obtained faster, and a
remote station sends BER reports to the network more often (typically, 1-10 times per
second). System performance is considerably improved in comparison to a system using
30 downlink transmit power control according to the IS-95-A standard, but the CODIT
method is still too slow to handle Rayleigh fading.
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PCT/ SE98/ Q8 odisd26ne m ght use the uplink transmt power c%@flﬁgsmﬁod
descri bed I.n tﬁe | S-95- A standard for transmt power control 1n the

downlink. This is described in European Patent Publication No. 0 680 160 by
‘Dohi et al. The rempte terminal would tHen neasure the downlink signal to
interference ratio (SIR) and transmt_an appropriate power control 5
command on the @weioright ysg theunlink sransmifpewen deptroiSnetiod\dascrbaizin dhe Se2hApower

control co nd |d be a single.bit that.. uncoded.in, order tqQ mnimze
si gnal i ng g@%i@%ﬁ%@ﬁﬁ'&f E‘ggu?l thée QBW%‘\??@P? EﬁWFamQéWW%?tmt

Eur opean | ' STREOER .%ﬁh. b a5 f from

t he systeﬁ?ggg%alﬁglggﬁﬁgfgtg%go?g%ggﬂ%t andar(?.fé or exanﬁ?gi,egﬁéeﬁﬁgrﬁ%pean
syst em has dewhlinlosighal g irtterfdrerice iratid(SIR) aridettansihitlaf-aPfropridle power canktbt rate of

several _hundred kil obits, per second, a wider channel bandw dth of 5 MHz,
and a Cﬁ)l\/ACE’Fl‘F}SmiiaPéh’o‘PPinan ﬁ‘?"PT‘{;B?FWBL"IﬁP%‘éé@GM €3l powerconteini cat i on

The. oot o PEPRAR SR bE) felk B o2 oot e POl bRl ot o

- C.,

termnal i svérhkad: QN@Rerthelads| the coimblunicaio® Systéi & WSE EfopkdrONS. 0 680 160 is
si mul t aneously. Soft -15 handoff is described in U S "Patents No

5. 109, 528 Wdietiedibassome significanpdiffsrenpes fiqm thesysigmapecificit by thetl8-95¢A whi ch ar e

ThPsort - ha AR, EBE SR M Pl oS had ¥ s g RS nel R 61825 mncs
woul d 4§ pi eglalbit rae cFl3ersraltAdRe kilebits perhdcdid Womider dhatine? BARFvi o(g@g@(;% -

probl ems. 20 Neverthel ess, the error rate of the uncode

power cont 2ad a EEYRAIp rimofifourmillien ehips periserondase significantly when the
renote termnal 4.5 in.soft-handoff node.,.Iln addiftiqn, the errors ._in fhe

commands recei vggal:‘%c‘d'f’r ,'céﬁ?n%'ieg"g?@fliu@ﬁl%ﬁ?ﬁ\?@b&%‘{ing%‘”bﬁ\’-‘;{e@@f“% of f
will be al sk well$eHRaTEERMotSRRRAlS A6t HABR- KRB Rlods Q] HRSemdfe ONd

woul d be sent to two base stations involved in a soft haidoff "according to
t he syst emtgrginal ghrot communiating withéwo gt more base statiomssitpaltaneausiyri Sofpower

other 15 1 Baker R Referey B0 .€ BRioBB PO 8 1 Vet ang e SoBT VAL of
view. The hnilenfeRIasth ¥f REkH AR é&@&@ﬂw&bd&e&ﬁef@pfr&&gié&%\ﬁﬁéﬁpét ations in

communi cation with a renmpte station in soft-handoff no ansmt at a
pover | evelremotateriminal apndtiiy boft-Bandoff mode, the error rate of the uncoded power control

40

commands would typically be about one percent, which would not cause any great
problems.

20 Nevertheless, the error rate of the uncoded downlink power control commands can
be expected to increase significantly when the remote terminal is in soft-handoff mode.
In addition, the errors in the commands received in different base stations involved in the
soft handoff will be almost independent. Since 1600 power control commands per second
would be sent to two base stations involved in a soft handoff according to the system

25  described by Dohi et al., the commanded transmit power levels of the base stations can be
expected to drift with respect tb each other to levels that may be suboptimal from a
system-capacity point of view. The lost capacity occurs because at least one of the base
stations in communication with a remote station in soft-handoff mode will transmit at a
power level that is too high.

30
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PCT/ SE98/ 01077 5 SUMMARY These and ot her probl ens of previous comruni cation
systens arWO886&a¥ by Applicants' invention, which provi desPCTHSES®I8Epect a
met hod of controlling power levels of signals transmtted by base stations
in a comunication system having base s¢ations 5 and renote stations. The
met hod i ncludes the step of determining in a renpte station whether the
renote station is sinultaneously regﬁmkg“g first signal transmtted by a
first base station and at | east one second signal transmtted by at | east
one second basqheiednduihdripedblems bfistevioudeoninicdtion systand ér@%blvﬁ@ﬁ? age
i nformation. The first base station transmts to a controller a Tirst

report of Apphicants’ imeeptionovhich provides in enegspect 2 methodiof cantralling powerdewadc ond 10
b tati .t 1t h t | | at .l t d t f
power | ov @ ignaf Faipited By ba E¥0nt. i o Sormimieation suston heVOR Pate SBRBS A on t he
first seponlf réfste sBfors. Tlﬁ%ﬁéth@d‘ﬁxcﬁﬁﬁ?l&@lsfeﬁg??ﬂmﬂiﬁiagﬂ}én tgstttaﬁt first

base station a first command for contr e po evel 0 e first
si gnal andvHhetlzon tird remotecstation isisimubtasdouslyaeceivingal fikasignal trahsmitted by ladiastt one
second conmmand for conirolling t he, power | evel of the at |east one second

si gnal . 1tbase station and-pf jeast,goe serpndgignal transmitted by)at leastone sepopd bassrstatighen t he
first d . S L ncl tantially identical
resonge | AP ndfd suBRERG BenRa S ditaRhad i, IR PR Al ipmfpi 0" | ©

recei ved ftb aTbn®olt alfirstiregticsf 4 pdvid 1éveDsT the Srst SBRA1 CanditRE AtQBaspofi€Rebdd Of the
determ ned signal to interference ratio, and substantially simultaneously

cont r a0l i rtgse $tatigpowansmite yethesbntrélter aaf least one speand tepent df powérdevat pbthie ahs 20
received at the firsf .base. station. This nethod nmay al further include
the steps aIS?St °%§ﬁ°‘2§£ﬁ‘§m‘i‘nﬁﬁf’°’l e'r’il;?%eﬁ %i%ﬁ‘l‘t r&ﬁ%"‘ é‘t‘dsﬁ‘ééé g8 second
signal is’ | tel L1l '

nter f er orteeoritztRtts Hankeifls (PG R ldin o Uik SR ordontr BNt pleboner,
station a lewfdof thedrstisighatigideteatisiixd t6 thgatleadt @né sicond base 8Qfiok at lesst oAd d

substantially simultaneously controlling 25 the power |evel of the signal
based on ts§eondgesmpandsfor eonttolling the pewer level pbbe iat/leash anesesond signal. | n t hese

met hodg, the figxst. a cQ nd cause the first and second base
et nodsy he R R GAe TRs 5 Bl ek T R BN Das
the pover gdeguifl sigrai6 nét iRElaESEDSELGAL fdentRh AfssageUffdrRaticit RsfeAini a
equality to an arithnetic nean of the power |evels of the signals

transni t t eldgray te interferense ratindf hscroerivéshisret sgmal, itansmittiigsfoom theref®te reports
TRy be Sentfied 95t 8 aSlertfiO ol S SRURL SRS Sl uh REGUELGHT ned event.

simultaneously controlling the power level of the first signal based on the report as

20  received at the first base station.

This method may also further include the steps of, when only one of the first
signal and at least one second signal is received at the remote station, determining a signal
to interference ratio of the received signal, transmitting from the remote station a report of
the determined signal to interference ratio, and substantially simultaneously controlling

25  the power level of the signal based on the report as received at the respective base station.

In these methods, the first and second commands may cause the first and second
base stations to adjust the power levels of their transmitted signals such that the power
levels have a predetermined relation, such as substantial equality to an arithmetic mean of
the power levels of the signals transmitted by the first and second base stations. Also, the

30 reports may be sent periodically or upon the occurrence of a predetermined event.
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PCT/ SE98/ Q8845624 N anot her aspect of the invention, a nethecr/s€9s/01077
controlling power levels of signals transmtted by base stations in a .
conmuni cati on system havi ng base stations and renote stations includes the
step of determ ning whether the renote s®ation is sinultaneously receiving
a first signal transmtted by a first base station and at | east one second
signal 5 tranadrotifd afhectdf theventiviga artdbfomtolliighowst 1éveRliofisipahlsde
substantially identical nessage informatjon. Wien the first and at |east
one secondtransgritied by basgstationpin: agemmannicatiog system aving basgstations andrempoten, t he
renote statjion det.ermnes a ity of .at |gast one aof the received first
si gnal andStfiensJpcipdes eﬁﬁ%"ﬂ@%ﬁfﬁ'i&% arrgngl{er @ﬁﬂ?tﬁﬁ?ﬁ%? sgnylg&%?qs%bf t he
det er mi ned Rk ¥ firsf SigndliaRaitlel bl A Firstibasd sestion dnhat RhtinOtecon®sipadt i al |y
si mul t aneously controlling the power level of the first signal and the
pover |%vetrandmittadbyat least one savend basestation thatinchuide substantisiheidemtial message

received at the fir base statjon and the report.as received at. the_ at
| east one SHEBRANOBSENTY ?ﬁ&‘l?“‘hﬂ%"#ﬁ%’ﬁ&?ﬁ %@it","f’{dﬁéuwmwcﬂ o)

I ncl ude, V\/ﬁf‘e bl oS ' t ehipcl ude
substanti a gsa:ggglﬁtgl c‘atonahglgsrg%%tle?% %?ﬁ%ksfngﬁgé){]ﬂéﬁgg é%dst l%%%d et erm ni ng
a signal t geceivied fittsipnakandahe at ledst biesetomaisigmd, ahd hahsnsitsO@port bf BSMi t T i Ng
fromthe renote station a report of the determ ned signal to interference

ratio, anddetgnsingdanality.y The mgthod furthes includss thestepi of substantisy\simultanesuslyt t he

fi i gnal d .ecel he fii ) ion. Th
et hod oy SR R Bel R 1Sk he A% Bl BowbLRvtl ol Ble 2368 B6°) cact one
20 secONngectndRithal BaséEEETHREpoH asirB@ive@ PR firbtabdftatidnid HheERorPhs

determning a signal to interference ratio of the received signal,
transmitti mepefvednt theat leastwme seqoad base statiogport of the determined signal to

interference ratio, and substanti al sijmul t aneously caontrolling the power
| evel of the siému_ 8PeBh! acthodBpy alse inc iVEﬂYtQF%f%é“ﬁké%lE&P?‘?/e base
station. Thegialina mtqﬁ@hdé%bmwa? identibA ResS{ge MhfohBitfonOthedtedl bf €7 T O
rate, and the 25 reports may be senft periodically or upon the“occurrence
of a pnédetdetermining ®sigml to imerfereride eaticasfjtheteceived first sipvadtkdnsmitting frofnthel of

controlling power |evels of Ei gnal s transpmtted by base stations in a
conmuni cat irgROEtAtieRaFERATHef the detemnined Yenal i aterisrapce ratippandambstantiallydes t he

step of determni i | ' equsly receiving
a first si %@@?@%%@Q%ggpé\?%%&égg@Eﬁ %t#%‘ﬁlsdaﬂn%d %’?&f‘l‘é%%oft %ne second
signal 30 redeivd3abtHelfizst Haye sthtidreast one second base station that include

substantially identical nmessage information. Wen the first signal and at
| east one secondheimggthed may plseencludsswhen ondy pye of the first signal and at least one

20  second signal is received at the remote station, the steps of determining a signal to

1]

interference ratio of the received signal, transmitting from the remote station a report of
the determined signal to interference ratio, and substantially simultaneously controlling
the power level of the signal based on the report as received at the respective base station.

The determined quality may be a frame error rate or a bit error rate, and the

25  reports may be sent periodically or upon the occurrence of a predetermined event.

In another aspect of the invention, a method of controlling power levels of signals
transmitted by base stations in a communication system having base stations and remote
stations includes the step of detennining whether the remote station is simultaneously
receiving a first signal transmitted by a first base station and at least one second signal

30 transmitted by at least one second base station that include substantially identical message

information. When the first signal and at least one second signal include substantially
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PCT/ SE98/ 01077 7 identical nessage information, the renote station
identifiesv‘;d"lf'als%h al having a highest power level and transnits a report
of the identified base station. The power |evels of the fir RCTAHISPHE at

| east one second signals are controlled based on the report such that the .
power |evel of the at |east one second Bignal is substantially zero when
the report 5 i ndicates the power |evel of the first signal is higher than
t he power identicdl messagednfarmations thegemotestation identified the Fignalhaving @lbighest st ep

I ncludes determning.,a signal to ipterference ratio t he receiv first
o gnal -t PATEHeY Ry unSni Hiempd b e eceliaed s Sotigh hepo¥erdStrta o5t e

si gnal toﬂx%taﬁ&ftﬁerﬁrl‘&@t Sl seSonda}Hhals AR éﬁubilétgbésg@oﬂﬁiﬁépdrﬁéiﬁhﬂﬁfttﬁe?g first

signal based on the report as received at .the first base station.
Thi s nmet hpdwerlevélofitieat leastonedecdnidesignabis substantialiy zerp wéheh thesteparhd second
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the determined signal to interference ratio, and substantially simultaneously controlling

20  the power level of the signal based on the report as received at the respective base station.
The reports may be sent periodically or upon the occurrence of a predetermined event.

In another aspect of the invention, a method of controlling power levels of signals
transmitted by base stations in a communication system having base stations and remote
stations includes the step of determining whether the remote station is simultaneously

25 receiving a first signal transmitted by a first base station and at least one second signal
transmitted by at least one second base station that include substantially identical message
information. When the first signal and at least one second signal include substantially
identical message information, the first base station estimates a signal to interference ratio
of the first signal received at the remote station, and the at least one second base station

30  estimates a signal to interference ratio of the at least one second signal received at the

remote station. These estimates are transmitted to a controller, which compares the
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the power level of the signal based on the report as received at the respective base station.

The reports may be sent periodically or upon the occurrence of a predetermined event.

20
BRIEF DESCRIPTION OF THE DRAWINGS
The features and objects of Applicants’ invention will be understood by reading
this description in conjunction with the drawings, in which:
FIG:1 illustrates a method of downlink transmit power control;
25 FIG. 2 illustrates a soft handoff involving a remote station and two base stations;

FIG. 3 illustrates one method of overcoming a problem of a remote station’s
power control commands being received with a signal level that is too low during soft-
handoff mode;

FIG. 4 illustrates another method of overcoming the problem of a remote station’s

30 power control commands being received with a signal level that is too low during soft-
handoff mode; and




30 power control conmands being received with a signal level that is too
| ow during soft- handoff node; and WD-98/ 56120
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20 This method may be used for downlink transmt power control,
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transmt power of the downlink transmtters to Fespect to
15  the remote station RT would transmit a report of the measured SIR or an uncoded power

control command to the base station. Based on such a report or command, the power
level (and thus the SIR) of the downlink signal would be appropriately controlled by the
base station or by another component of the network, such as a radio network controller
RNC.

20 This method may be used for downlink transmit power control, and the European
publication EP 0 680 160 cited above describes the use of this method for downlink
control during soft handoff. Although such a simple downlink power control method
using uncoded commands can be used when the communication system is not in a soft-
handoff mode, this simple fast method does not perform well during soft handoff due to

25  the possibility of reception errors and power level drift in the different base stations
participating in the soft handoff.

Independent errors in downlink power control commands transmitted by a remote
station and received by different downlink transmitters can be expected to cause the
commanded transmit power levels of the downlink transmitters to drift with respect to

30 each other. When the strengths of downlink signals from two or more transmitters

received at a remote terminal in soft-handoff mode are roughly equal, the rate of drift can
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The controller RNC sends respective adjustment commands AP,P(t,) and

20  AP,PL(t) to the base stations that are based on the messages P,°"(t,), P,"'(t,). In other
embodiments described in more detail below, the controller may also determine the
adjustment commands based on a report from the remote terminal RT identifying the base

- station that the remote terminal is receiving at the highest power level or with the best
SIR. The adjustment commands cause the base stations to adjust their downlink transmit

25  power levels so that a desired relation between Py(t,,,) and P,(t,,) is maintained (e.g.,
both levels may be kept substantially equal or, as described in more detail below, one of
the power levels may be controlled to be substantially zero). It will be understood that
the transmit power levels P,(t,), P,(t,) result from earlier commands AP,°L(t, ) and
AP,PL(t,_,), as shown in FIG. 1.

30 The controller RNC can determine the adjustment commands in several ways.
For example, the power levels P,(t,) and P,(t,) may be adjusted to their arithmetic mean
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How the independent errors in a remote station’s power control commands come

about is illustrated in more detail in FIG. 2, which shows a remote terminal RT in
communication with two base stations BS1, BS2 that are under the control of a radio

20  network controller RNC. In the soft-handoff mode shown in FIG. 2, as in FIG. 1, the
remote station RT receives signals from the base station BS1 with a power level P; and
receives signals having substantially the same message information from the base station
BS2 with a power level P,. Power control commands PC transmitted by the remote
station RT are received by the base station BS1 as commands PC’ and are received by the

25  base station BS2 as commands PC”. Due to errors that may arise from many sources, a
command PC may not be the same as either or both of the commands PC’, PC”, and the
command PC’ may not be the same as the command PC".

The magnitude of the difference between one downlink power level and another

downlink power level affects the system’s capacity because one base station’s

30 transmissions look like interference to the other base station. In addition, the rate that
each downlink power level drifts is important because faster rates usually require the
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large difference results in a probability that PC’ = PC” of about 10%.

20 Downlink transmit power control in accordance with another aspect of
Applicants’ invention avoids these problems by using any one of the quality-based
downlink power control methods described above, such as the FER-based methods
specified in the IS-95-A or J-STD-008 standards or the BER-based method employed in
the CODIT.system, when the remote terminal is in soft-handoff mode. As described in

25  more detail below, the remote terminal RT measures the quality of the received downlink
signal, either by determining the FER or the BER, and then the remote terminal RT
reports its quality measurement to the network by sending a suitable quality message to
the base stations involved in the handoff. Each base station forwards the remote
terminal’s quality message (a Layer-3 message) to the controller RNC, which causes the

30  base stations to adjust their downlink transmit powers appropriately.
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commands PC being received with a too |low signal |evel at a "farther" base
probably far from the base stations, the remote terminal is likely to have good frequency

proed

diversity from each base station due to multipath, and power fluctuations are likely to be
slow compared to non-soft-handoff mode. Therefore, remote terminal can use signal

20  energy from all base stations to which it is connected during soft handoff, reducing the
effects of fading, and the remote terminal can use "slow" signal-quality-based power
control methods since "fast" methods are not needed. It will also be appreciated that the
required quality reports can be obtained at a low cost in air interface and transport
capacity. '

25 In another aspect of Applicant’s invention, the problem of a remote station’s
power control commands PC being received with a too low signal level at a "farther" base
station BS2 during soft-handoff mode is overcome in several ways. A base station that is
in "soft-handoff mode" is distinct from a base station that is not in "soft-handoff mode"
due to the former’s allocation of logical and physical resources, e.g., coder/decoders, to

30 different communication connections.
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different base stations generally look the same from the point of view of the remote
20 station in soft-handoff mode.
The problem of drift between downlink transmit power levels, i.e., that a remote
station’s power control commands PC are received with a too low signal level at a
"farther" base station BS2 during soft-handoff mode, can be overcome in another way ina
communication system in which the uplink SIR is measured for each frame in the base
25  stations involved in a soft handoff and the SIR measurements are forwarded to the
communication controller. The communication controller processes the SIR values from
the base stations involved in the soft handoff and causes only that base station to transmit
whose downlink power level received at the remote terminal is highest. It will be
understood that signals received from different transmitteré, e.g., different base stations,
30 orreceived from one transmitter, e.g., a mobile station, at different receivers, e.g.,

different base stations, are advantageously processed by despreading each signal,
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It is currently believed that the method depicted in FIG. 4 works best when the

path losses on the uplink and downlink are highly correlated. This is likely to be the case

20  for a communication system like that described in the above-cited European Patent
Publication No. 0 680 160 having a downlink/uplink bandwidth of 5§ MHz. For such a
wide channel bandwidth, multipath propagation to and from the remote station is likely,
reducing problems related to Rayleigh fading. Multipath propagation is even more likely
in soft-handoff mode, in which the remote terminal is likely to be located at the border

25  between cells or between cell sectors. Thus, the correlation between the channel
characteristics of the uplink and downlink will in general be strong. For those cases in
which this is not true, the performance of the method depicted in FIG. 4 willl to some
extent be dependent on the motion of the remote terminal and length of the filter in the
network controller.

30 By applying either method depicted in FIG. 3 and FIG. 4, the remote station

receives downlink power only from the base station that is received most strongly. Hence



characteristics of the uplink and downlink will in general be strong For

t hose casgs Pﬁgﬁr&ch this is not true, the performance of t

depicted in 4 will to sonme extent be dependent on the notion of the_
renote termnal and length of the frltli in the network controller. 30

By applying either method depi cted in PG 3 and FIG 4, the renpte station

d I f t at t d t
[ecelves wo%mmgr;m ik ggr%a&neo 90 G e W1 il S W™
PCT/ SE98/

Qﬂfegars@nsm t
power dri | S eﬁ?'m nat ?ﬁgr gni ?r cant |°n(llzll’r&eas|engw‘Jhe&e1 messagi ng

| oad over stdmems axah&pmetworhbm&oébe thmvaﬂtngetwﬂmsmthodm& thatdhé he net wor k
controll er. Another advantage_ of these nethods is that the renpte term nal
remai ns sye@atederming remams syndrenized to,both Base statiops winle thesystamiism sofisof t - 5

handof . ths ffort ded
Lo re. sy ifdofl Ridde; dhs. ifis WARRERERAL Lo RO MNRRE b G RGBT 2 ©7 L [RO0°
syst em | efgyn&abiizé tizdembtetertinal/ whieh wotld b%rnea&wgﬁme syterh Rt SORLI@doff

depicted in FIG 4 is that it is independent of how messages in the air

i nt er f ace modee Aiphiticulanadvagtage pf thk methodelepicted dn FEGast is thag itrts mslependgnttafe base
") R e in i bR et AR vl e B Ao ¢ 1"
recei ved %}Mé Pdse RRAYBAS)! Oﬁkmﬁ@l (s jidt theRaséfed tlﬁcfnétﬂéd xctbci irHsIU ate

operation of a comunicati systemin accordance with Applicants’

i nventlidon. wiich envobies oepoirts ifront the remiott fermivmt of its rpeeies dowrdink powket leselr at ed i n
FIG 1.) In bla 501 6E.ase tion BSl receives data and transmt power
adj ust ment co erlystratioperationof a Gamaupication fystem in

netant . v eRet v AR IR (B e BOTTR AR 55 WS Sbrlisdle™ 110

accor di nglifluasitetsinFIG. ¢ )dmmdadkrﬂomrmstamdn BSI\esceilves/ddta atd &mﬂmqaorwet i me
instant. As_indicated by hlock 503 in FIG 5A for exanB if the nobile
sends ad j (Askiyriment commpands fiom-a mobilg,ationRT. yFaebase statiomBS 1 ideatifies andpower

| evel Jeerr r i [err]
Sl Ty A5epdes 8 Aghleleer ESRG b hiteivbd ot i) (HE st Slcn ARVERiod ey | P10
base st at i Ve value§of¢ittier POGEF 1) @ﬂabco&aﬁ adjusts ts dBwilihlb traiaiesdwer Qeviel S
prevrous transmt power |evel rr ock 505, the nessage [err

i ndi cat i ngatthrenexsimme; instanty Asd Fat Wa‘?h?lém in[FIGy §A for axample Gfrt{iﬁ mpBilgent py
the b L f bl
1o 5550 o Bkt ek R0L kil Do A 20

commands i Py(),Yer-11dB with vePect to its previous transmit power level Pl(t,,) Similarly, if the

20  mobile sends adjustment command PC = -1, then the base station’s transmit power level
P,(t,.;) = -1 dB with respect to its previous transmit power level P,(t,). In block 505, the
message P,PL(t,) indicating the downlink transmit power level P,(t,) at time t, is sent by
the base station BS1 to the controller RNC. The base station preferably sends such
messages not as often as the mobile sends power adjustment commands in order to reduce

25  the signalling load on the base station - controller connection. For example, the base
station may count the number of received adjustment commands n and send a message
every N-th adjustment command, where N is a factor a times the number n. The factor a
may be an integer in the range from about 16 to about 1600 for some communication
systems. In block 507, the base station BS1 sets its downlink transmit power level to the

30 commanded amount.
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the base station BS1 as indicated by block 517. In response, the base station adjusts its
transmit power level at a time t, + t,; as indicated by block 519, where the interval t; is a
convenient time interval, such as an integer number of communication frames. It will be

20 .appreciated that similar operations would be carried out in the other base station (station
BS2). In addition, if the power level of the weaker base station were commanded to be
substantially zero by the operations indicated by blocks 511-519, the weaker base station
might advantageously be maintained in soft-handoff mode in all other respects as
described above.

25 It will be understood that Applicants’ invention is not limited to the particular
embodiments described above and that modifications may be made by persons skilled in
the art. The scope of Applicants’ invention is determined by the following claims, and

any and all modifications that fall within that scope are intended to be included therein.
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made by persons skilled in the art. The scope of Applicants' .invention-is
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t ransmi t tinfemfatiomy t he controller to the at | east one second base station at
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i ncl uge syfinb &Rt sphly | dentical nmessage information or Wnen only one of the
first si gnal and at | east one second signal is received at the renote
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|1 hg, d

controlling t :Hﬁﬂafgtlhw&ofg%n&hﬁe ﬁfsgfbg{m#gﬁ@ apga%*aﬁfaéq%a& Bt F ecei ve

at the first ba a|m wherei n

the first and &ﬁmﬁdmgﬁﬁmﬂﬁﬁcoﬂ&uﬂ&mﬂﬁﬁrkﬂbskmﬂmsﬂh@mbnhﬂaﬁiﬁtat|ons to
adjust the power |levels of their transmtted signals such that the power

| evel 15 haventeollinathe peves level afthefimiigna andhe method of claim 2, wherein the
predet er mi ned Ergns%l{tﬁ& ﬁ&nw&hﬁgﬁ&% the at least one second base station at least one

second command for controlling the power level of the at least one second signal.

2. The method of claim 1, further comprising the steps of, when the first signal
and at least one second signal do not include substantially identical message information:
20 determining a signal to interference ratio of the received first signal;
transmitting from the remote station a report of the determined signal to
interference ratio; and
substantially simultaneously controlling the power level of the first signal based
on the report as received at the first base station.
25 3. The method of claim 1, further comprising the steps of, when only one of the
first signal and at least one second signal is received at the remote station:
determining a signal to interference ratio of the received signal;
transmitting from the remote station a report of the determined signal to
interference ratio; and
30 substantially simultaneously controlling the power level of the signal based on the

report as received at the respective base station.
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wherein the determned quality 1s a bit error rate thod of claim
6, wherei n r epowhen thedirstamtl ap astanie sedohg signal include substantially identical

message information, determining at the remote station a quality of at least one of the
received first signal and the at least one second signal;
transmitting from the remote station a report of the determined quality; and
20 substantially simultaneously controlling the power level of the first signal and the
power level of the at least one second signal based on the report as received at the first
base station and the report as received at the at least one second base station.
9. The method of claim 8, further comprising the steps of, when the first signal
and at least one second signal do not include substantially identical message information:
25 determining a signal to interference ratio of the received first signal;
transmitting from the remote station a report of the determined signal to
interference ratio; and
substantially simultaneously controlling the power level of the first signal based
on the report as received at the first base station.
30 10. The method of claim 8, further comprising the steps of, when only one of the

first signal and at least one second signal is received at the remote station: :
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10. The method of cl ai r'FG vﬁé’g%‘jé\. _""’am-rfép rt is sent upon occurrence of a
pr edet er mvoed/senzent . 11—A~reihddWE_conf{rol |ing power | evBCESBIMITna| s
transmtted by base stations in a comunication system having-base-stati-ons—

and renote stations conprising the stepe of: determ ning wh
station i S si mul t aneously receiving a fi rst signal ot ransm tiﬂ iﬁﬂ@ im@ﬂﬂ”ill
base station ametemhinifodiighulto Hbfenéhcs rdioadf the redsivad sig@lby al s

second base station that Include substantially identical nessage

i nformation; trapgmifingfromdhe temote stationcd repertiobthe detamminedhsigraldond si gnal
include sybstantiall.y identical nmessage information, identifying at the
remote st af F@?féag%/'gq?gl havi ng a hi ghest power level; transmtting from

the renote sta'gggmaq e 61ink | QB
controlling a tr?gwer aielgg?ﬁ ‘g?ﬁ%ﬂ%%o?‘st sF%ﬁ@ﬁ?gﬁfgﬁgﬁz@gﬁh?F tlfwhe at
| east @ne repuidasrecivsdadt thereguéctive bdsestator t such that the power |evel of

the at | east one second signal, is controlled to be | ess than the power

| evel of the fillsiThempathad gualityis af&atpe erenate. of t he

&

first signal is,hi.gher r.lgvel  of. the | east . one_second
Signals S0 12" HgRiAQeSt e € Wetn keeaintd Rl Bk e TR ng
signal to interfiermporethel bftifin §, Whetdds fipeRslark séripefodfaly, transmtting
fromthe renote station a report of the determ ned signal to interference
rati o, and contldolThemmethdrbofilainy 8, weheedin @ fepottds $ent sponsicgmadncbafed on t he
report as received at the first base station. 12. The nmethod of claim 11,
furthdP cowdeteminedieVentst eps of , when the first and 15 second signal do
not include su ' i SEGE Lon. ) 23 t he
signal to int eP?t%(ra}gIr{iceg{(’lr(%?tficg&gJ i qﬁgo‘ir}%gel Veﬂs@%{ﬂé%%??ﬁ%%eﬂ%ﬂﬂ%o@% ng
fromthe rigaRbmnitiridation sysiem heviag basefstdtions sl remoienedions, ¢8aiprikiag ity stépser ence
rati o; and substantially sinultaneously controlling the power level of the
first sigreft based 20 on the report:as received at the first base

station. 13. The nethod of .claim1 rthet rising.the eps_of, when
oni'y one of t hoErHRang rsr e Rriore laton WimEBERATY Beiiae A TuERidl | o o
the rqRDt arfklitddby FfisEbdse 3afien andatdemt ofedetdidigndl PaEmiked ByPatdast he
received signal; transmtting fromthe renote station a report of the

det er mi nedorei sgearid biase station that include substantially identical message information;

s

=

when the first signal and at least one second signal include substantially identical
message information, identifying at the remote station the signal having a highest power
level;

20 transmitting from the remote station a report of the identified base station; and

controlling a power level of the first signal and a power level of the at least one
second signal based on the report such that the power level of the at least one second
signal is controlled to be substantially zero when the report indicates the power level of
the first signal is higher than the power level of the at least one second signal;

25 wherein the controlling step includes determining a signal to interference ratio of
the received first signal, transmitting from the remote station a report of the determined
signal to interference ratio, and controlling the power level of the first signal based on the
report as received at the first base station.

16. The method of claim 15, further comprising the steps of, when the first signal

30 and at least one second signal do not include substantially identical message information:

determining the signal to interference ratio of the received first signal; o
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25 interference ratio; and substantially sinultaneously controlling the
power |evel of the signal b Ignthe—reperly as received at the respective
base stat\}',?g,;,séllﬂo The et hoﬂﬁgﬁsér T,HAS BEGNe) ei n reports BCESESHN0T7
periodically. 15. The met hod-ef 'F‘r\?’iﬂi._, wherein a report is sent upon
occurrence of a 30 predeterm ned event 16. The net T ,
wherein the power |evel of the at Ieasil one second snmuumlwmg%llﬂad to
be substantially zero. 17. A nethod of controlling power dewvels ot stgnals
transmtted by base.statiqgps_in.a analni i S m havi ng. base stations
and renote stmgtfm%%%‘rqﬁ%fwtf ﬁ‘ég%‘%ég@?%b‘?@é‘%“&‘@a%@a% ni ng

whet her tihR feRARd Auitidt #ld on i s sinultaneously receiving a first signal
transmtted by a first base station and at | east one second signal

transmtted bysubstantisdlytsimoultanceushnehntaliingshepover levehof tha firstdignalmsedint i al | y
I denti cal ssage informtiqn; en the first signal and at |east one
second si@p@Frﬁqﬁﬁd@%@ﬁ&?@gﬁﬁeﬁ%ﬁi cal 5  nessage information,
estinmgting at ' : [ ggg{] | t f the
fi rs{ng si gnal rfe‘}ggll‘}{/éeréédé?@?ﬁgm?{e%t@mse?gﬁ n, %glgis%%lsﬁéﬁge?%tﬁﬁe&%tdfﬁleﬁst one
second bafgt sifnil and atlesst gnedecond sipghat i receiveioat thwt remotef statiom: at | east one

second signal received at the renpte station; transmtting to a controller
fromthe firstdaweminiag asigoal taipterferspea o af the gecstved signal) ~ second base

station respectjye.re f | ' | 3Nk rence ratios;
conparing in the cont géiilro%'gtrh tr#é&?gggé%??#ggrogpor %geﬁn??ég%i%# Ing fromthe

contr ol | emtdrferdnae rdtios ahd base station a first conmand for controlling the
power |level of the first signal; and transmitting fromthe controller to

the a0 | east osubstantidhysimulianeously remrolling the sewerevel of thesignghbasedandlied f or

controll i%ﬂ t he épo.we‘i {Fﬁgel of . tge a {oeast one second signal; wherein the
at | east GHESRIGRYSHBHIERTPEATE 88 HED | cast one second base station to
reduce the powes TRYkihBH of BRindY S, Wirkkdin SRS BYBAL FeridARblly.0 Substantially

zero when the controller determnes that,the estinated signal to

i nterference r#9.i Thomethod of claim 18§, whentin agegont ig eent mpom o¢duerensst dfiant ed si gnal

to interference ratio of the at | east one second 20 si gnal .
precetermined event.

K

15 20. A method of controlling power levels of signals transmitted by base stations
in a communication system having base stations and remote stations, comprising the steps
of:

determining whether the remote station is simultaneously receiving a first signal
transmitted by a first base station and at least one second signal transmitted by at least

20  one second base station that include substantially identical message information;

when the first signal and at least one second signal include substantially identical
message information, estimating at the first base station a signal to interference ratio of
the first signal received at the remote station;

estimating at the at least one second base station a signat to interft;rence ratio of

25  the at least one second signal received at the remote station;

transmitting to a controller ﬁ'qm the first base station and from the at least one
second base station respective reports of the estimated signal to interference ratios;

comparing in the controller the respective reports; ‘

transmitting from the controller to the first base station a first command for

30 controlling the power level of the first signal; and I
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18. The nethod of cl EPr, rrbri sing the steps of, when the first

HAS BELN

g&er o
si gnal andvasseast do not include subst anCT/SEY8101077
i dentical message information: determning a signal to interference ratio
of the received first signal; transmtting fromthe renote station a report
of the determned signal to 25 interf®ence ratio; and substantially
si mul taneously controlling the power |evel of the first signal based on the
report as receitvansmitting ffieont the contoeller tostha at loast on®secdiidbase station atfleast onem 17,

furth i Si th t f, wh | the fir i gnal and at
e BB el o7 SRR Bl RO i oP o ko s il |
deternining a syRdein th@at 104t bhesRBRE cdnithiti &Bsés@?eafg?&gf Aﬁ%%eédnagﬁ&e

t o t he eterm ne S|gnal to

transmtting fromthe renote station a repor
i nt er f er enstatioratbireduce thk powes level ofthe ut Isastrohd seoemi signal onbstantiallygeiohe power

| evel of the sjgnal sed on the reporf{ as_received at the respective base
statior 3\ghenth%controggﬂetyﬁgnﬁ%&qbﬁeﬁmgqtggma},to inteeieesnee ratipof the fitse sent
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signal.

21. The ;nethod of claim 20, further comprising the steps of, when the first signal
and at least one second signal do not include substantially identical message information:
10 determining a signal to interference ratio of the received first signal;
transmitting from the remote station a report of the determined signal to
interference ratio; and
substantially simultaneously controlling the power level of the first signal based
on the report as received at the first base station.
15 22. The method of claim 20, further comprising the steps of, when only one of the
first signal and at least one second signal is received at the remote station:
determining a signal to interference ratio of the received signal;
transmitting from the remote station a report of the determined signal to
interference ratio; and
20 substantially simultaneously controlling the power level of the signal based on the
report as received at the respective base station.
23. The method of claim 20, wherein reports are sent periodically.
24. The method of claim 20. wherein a report is sent upon occurrence of a

predetermined event.
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