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-1- MODI FI ED DOMANLI NK POAER CONTROL DURI NG MACRODI VERSI TY BACKGROUND 5

This invention relates to the control of power levels of transmtted

si gnal s i wotelsgg@nmuni cati on systens, in particul ar spreacgEPeskibgi:

mul ti pl e access systens. Good transmt power control nethods can be

| nportant to conmuni cati on systens having nmany sinmultaneous transmtters
because such nethods reduce the nutual interference of such transmtters.
For exanple, transmt power control is_pecessary to 10 obtain high system
capacity in conmunication systens that use code division nmultiple access

rorote  endimEERCROAR i PO CaNpROL DIRING MAFHERIV RS0 °
sonetines called reverse links. The need for transmit power control in the

uplink is recognized in current CDVA 15 cel lular systens. Uplink power
control according to the |1S-95-A standard is provided by a cl osed-I|oop

met hod, in which a base station strength of a signal received
froma remote station and then t@%ﬁ#&i{mpomr control bit to the
renotegstation ﬂY?ereﬂti&ﬁeﬁ‘tég'tb B RSt ofgﬁ)?fég l&@lst%agxgﬁlﬁgtﬁe)dcs? is?iln bit, the

renote station iIncreases or ecreases It ransm-t by a

pr edet er nitelechnamunination2ystems, in particiilze spread! speetrutn mokipld adeesasystemst r ol for
the downlink, i e., for transm ssion fromthe network to a renote station,
has been deemedqod<Ensmpowsntontrpl methpdsganbs|imperant s eorombpicaBBVA

conmuni caty . o\ . i nk. power,. contral woul be
or ovi ded 5y EmE R Erand'siufinth s bsiRees $RUILL S B s TR e iBiaE
recei ved deterftrenite ¢ranel trheytitersiNFordRample] FRlshit o tonttd1gs ARRSURPRENT to a
base station, which mght adjust its transmt power in predeterm ned

ci r cuh@t apbtain high skstem capasiin inceomumpnieasionsystems thabusy colle divisies onitipdel i n

| nt t] Rubl.i cat | WD,.95/.12297 by G | h t al., which
l'so. desc b (CORBh, s B, OF me WRER oo Cme r e er |

level is rapigRto Qﬁé@%&?@,é.ﬁ‘{ Baseﬁtdﬁéér(f)m@ﬂlfinﬂ%?@ﬁs&;%brﬁétﬂﬁ% c‘%géchf)ev %Ee

measur enents, received uplink power evel s, recel ve wnl I nk power
| evel s.

The need for transmit power control in the uplink is recognized in current CDMA

15  cellular systems. 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 remote station and then transmits one power control bit to the remote station every
1.25 milliseconds. Based on the power control bit, the remote station increases or
decreases its transmit (uplink) power by a predetermined amount.

20 'The need for transmit power control for the downlink, i.e., for transmission from
the network to a remote station, has been deemed less important in current cellular and
other CDMA communication systems.

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

25  simply reports the measurement to 2 base station, which might adjust its transmit power
in predetermined circumstances. Such a communication system is among those described
in International Patent Publication No. WO 95/12297 by Gilhousen et al., which also
describes a communication system in which downlink transmit power level is reduced by
a predetermined amount based on frame error rate measurements, received uplink poWer

30 levels, orreceived downlink power levels.
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-2- Downlink power control in a systemconpliant with the |1S-95-A standard
I's based on frane error rate (FER) neasurenents by the renote station,

whi ch seng‘; g@ @)eports to the system Sections 6.6.4.1.1 and 7.6.4.1.1 of
the 1S-95YO®¥AWard note that such FER reports can be serBCHHEE18932 i
t hreshol d has been crossed and/or periodically. 5 (Typically, an FER
report would be sent every 1-5 seconds.) One problemw th this nethod is
that it can take a long tine (several seconds) to accunul ate the
appropriate PER statistics. As a result, -3t is inpossible.to track Rayl eigh
fadi ng and shadow fadi ng. The nethod has proved to be so slowthat it is
usual |y .attri but @bvhiinilppwanyorgmi m xsystear exngliantieith thei I8 Selb\standard ipbased
control. 10 Sone newer gersonal comuni cat i.ons ;systens_(PCS) al so

use CDMA. TieE fiamp errasgats (FERgnegsuzsmentsibythe mmote fation, which; sqndBER geports

St ati on- Bas {at,l 1ok |k tyy, | f &y de
Di vi si on Mﬁ? ?’pelas&gt%%é e%s% gﬁ) mj)ﬂ Flearngz %?'E'goﬁm%ﬂscﬁ 'ﬁ‘(])s F\agld@sr% é%sh%ﬁﬁgl

J- STD- 008 ( ANER repéddan biveftwheh Sthfdshdld hhdbdeherozedd dikdar pbifodifallyt andard in
many respects. For operation with rate set 2, however, the 15 @ J-STD 008

st andar dJ r eqTypieally, be FERrepast wouldibesentsverydod secandgnl Onk problave withithis s
whenever the ceur.. This puts the network in | ete c rol _of.frane
errors. but HeBEH et fehed 4B Slgne fof eV sk e EwB R I Frmpfirin
statistics, el sies. Ok ¥ réshitils iFBisIE TPRAck RefleidNdhe A shabhARdREd S
met hod. I n other conmunication system concepts 't ke CODI'T, which 1s

descri bed i Th2@nethddhasprovedpobe sosloRaitit it iSubmily atribiEadhiardlyrelyigain’

R2020/ CSE/ LC/ DS/ P.047/ al , UMTS_ Code Divi si on Testbed (CODIT), CSELT Centro
Studi e LabGPapsied toraotasmmaavedisk gaversoptral. ed. (Aug. 1995), the signal '
qual ityqhs determg ' ' ne- | r ) v.Qst ead of
t he FER.1 bHence, g@ggﬁqlsetgé¥ F%%éﬂéggé:@%u%g&oﬁg?%%# @?ss?glrs?%gngbsﬁge% e

station sendsatiFERof B0PCS systeinb arenptobékinTPesond] SeniontBRe Salioy, 1- 10 tines
per 25 . second). System performance is considerably inproved in COK/E?H son

to a systemGesmagbdidmRequirementirfond 8 tpdRHz bade Biviger Muliple Aceess EDMADS5- A

ne m gt uSEPHE ORISR Sy EmSomiSTIon T oY (b A0 Bnla i (e "
| S-95- A st amgasetiufafIS-D5 3RAAAY iPRUEY reﬁ}ISE%Esr. For berbtiéh WHRNRItE 5dt 2, HiWsvet, She
descri bed in European 30 Pat ent Publication No. 0 680 160 by Dohi et al .

The rendfe d<¥TR-088 standdrd raguirs the sguote SBUBST FERIEISHEIK et ETas yhenever
they occur. This puts the network in complete control of frame errors, but it still takes a

e

]

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
20  "Final Report on Radio Subsystem Functionality”, R2020/CSE/LC/DS/P/047/al, UMTS
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
25 .second). System performance is considerably improved in comparison to a system using
downlink transmit power control according to the IS-95-A standard, but the CODIT
method is still too slow to handle Rayleigh fading.
One might use the uplink transmit power control method described in the IS-95-A
standard for transmit power control in the downlink. This is described in European

30  Patent Publication No. 0 680 160 by Dohi et al. The remote terminal would then measure
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-3 - the downlink signal to interference ratio (SIR) and transmt an
appropriate power control conmand on the uplink. In accordance wth the

| S-95- A standard, each power control conmand would be a single bit that was
uncoded i n"998852% o i ni i ze signal Iing overhead. Nevert hePEIAISOP/HE32
comuni cati on systemto which European No. 0 680 160 is 5 di rected has
sone significant differences fromthe systemspecified by the | S-95-A
standard. For exanple, the European systemhas a frane length that is half
that of 1S-95- A a bit rate of several hi#8adred kil obits per second, a

wi der channel bandw dth of 5 MHZ, and a CDVA chip rate of four mllion

chi ps per seg@dbwnink Righalctoifteritremdeirativ (SIR) end t@ishnit 4nrpptophald poivah chieding
fairly well, and m ght 10 wrk well when the renote termnal is not in a

soft handof f cemeand pn ghe upinkn In acsordanasveith thedS.9atA standasd, eashpowereenital wit h

o s mor oaPonmens Sront{e Siflbs R AP RRY HacofiBh i e B HihinZ? spdfing ' © " o
5, 109, 528 t oohkifenf aldlertBslessNBe codmBddicRticnh %Xy%te%ﬁﬁﬁi&{ Eﬁvog?ﬁf Ko 688 gisar e

expressly incorporated here by reference. en the renote termnal is not
in soft handdirectédhas sonctesignifivantdifferencestfmonn thetsystemrspenifet! ipothedSOSRA T ol

commands woul d typically bgﬁg bqut one perc?lg;t, whi ¢ch woul d not. cause any
great probl ef@ndagy, EpE ¢Xemples theifgonean system higs ¢ framp dength-hatds half that pAIS-Bower

control co Nd$i;Gan ,Q?@ Q) 1 L QL [ al’ﬂﬂfi t te
termnal is i ?éﬁt r?g%%lo %grltﬁ(g'g(.l fu?ort]ﬁ tgg,gf%;ég%cﬁ atgﬂgéﬂec%rg@fgxl n ﬁ%l J(:}?)rrI(r/rIm?I?(;s
recei ved in dhd & ODMA dhipsatesdfdouramliozChipsiptyedcegdl i n the soft handoff will
be al nost independent. Since 1600 power control commands per second woul d

be sent to two baSucke gemuHBicatinpditen Wonld trad Rayleigh Sdingairdy wehgpndanight
system descri bed b hi, et al.. t.he.co nded,tr m ower, |l evels of the
b;s_e st aﬁ Ongvo&we%gv'%;g&e&gatettm.ﬁlﬁ n\%‘?ﬁ*&&f{é@?ﬁ?@%g‘&hw&ﬂ etFﬁ’o&evel s
that may be \ROR gt chiRfthRatShRIWABARbIobaRO Mol sinfiiieorNE TS is
capacity occurs because at 25 east one of the base stations in

cormun: cat : oaombﬁrbesaalscenmgm at magrodimersidy.t Stk hatioff isrﬂds:eﬁhﬁ:d in IﬂSaHstBixtsda_t a
Glownt i nk ¢ r ansd05,308R Ualaratt e NGy sadedfs W vedellee B o &or the |
downl i nk po“"éﬁpﬂe&Yﬁn@or&Bﬁ'ﬁbﬁrﬂéé e%‘eﬁa;ﬁlb.t bﬁwﬁ’x"’lﬁ@feﬁ{o@é fe:@ﬂ%al 1*3;(-%{ el oﬂ\%nn i%"lzft

handoff.. These base stations se atest values o elr
t ransm t 1powerodesthie bgot mateeofithechinzodeel pusvek comtrdl comhmnds Wb tygically be about

one percent, which would not cause any great problems.

~ 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
20  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 described by Dohi et al., the commanded transmit power levels of
the base stations can be expected to drift with respect to each other to levels that may be
suboptimal from a system-capacity point of view. The lost capacity occurs because at
25  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.
One way to solve the problems encountered in downlink transmit power control
is by making frequent adjustments of the downlink power levels transmitted from the
base stations involved in a soft handoff. These base stations send the latest values of

30 their downlink transmit power levels to a radio network controller (RNC) which
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-4- conpares those val ues and sends respective adjustnment conmands [err]and
[err] back to the base stations. This solution is disclosed in U S Patent
Application No. 08/870,867, filed June 6, 1996, and herein incorporated by
ref erence. WOI9B4S6288t hod is illustrated in FIG 1, in which BCHASE/HO®R i on
BS1 sends a 5 message [err] indicating its downlink transmt power |evel-
[err] at time t[err] to a radio network controller (RNC). In a cellular
comuni cati on system the RNC m ght be a base station controller or a

nobi |l e services switching center. Al so, a.-fase station BS2 sends a nessage
[err] indicating its downlink transmt power level [err] at tine t[err],.
to the RNC. lCHmPE&%S ﬁﬁicsff‘ v%@?ﬁﬁcf sbem&jﬁ:s 896 adifstinefit colnmards APTPYE) &gt | on RT
10 receives signals fromthe base station™BSl and recel ves signals having
subst anti al | YAR,Piét slavk totteshkage statibns: s solufiomindiscipsthineU S Matenh BS2. The

RNC sends respective adjustnent conmands rr] and [err] to the base
Stations.t harARREatsmsRe GHECHES hadehlms & 4594, 2ad Ty mePPOREL L Feleieasts ¢ o

adj ust their downlyk ' I . | tion
between [err] 15 Th%g?ggiﬁm#ggﬁé?%%ﬁgdi %ghgﬁfﬁgﬁﬁp&%#@gﬁl s [err]
resul t from eggsbdgeP P Tandicating itsldodmtink etnidmit powerlevel b q,) fat Gmek,, thhe RNC
can determ ne the adj ust ment commands in several ways, as described in U.S.
Pat ent Appl i-¢adip aatwask cogtralizp (RNT). Tha cplbar camypenication systerenthe RNGimight y
are made once per fra keepi ng the, drift. bet n the downlink transmt
pover | ovel g b SARGLCQRET it FPLE porkicet SHRRThe S g Sehebe ARG
to alowlev s 15 ' ors
n 2 remt o o e e e e e e
nore detail ity té-tHe REC. vinithdsafhbamoff mateshewh én FiGal, aXEmore stationuRT cat i on
wth two é)ase stations BSI, BS2 that arg under the control of an 25 RNC.
In the sdPt RERsHSs PigRals dram igPpase stetien BS1 angireceives signajs having substantiallyithei on
RT receives §j f : ' hth a power level P I and
receives si g%g’ﬁg%Legs(/aﬁég@t’ﬁ%@ﬁ?%ﬁ@#gg{%‘g}@wﬁessage i nformati on fromthe

base station BS2 VWhelRNCRenBredpetle ddfustenveomaandy AP PeganddP,%°E ) to the
transmtted by the renpte station RT are received D% t he base station BS1
as commands [base fatipnsthat aeclasod an Bie mefsagsade dp)ali o), causing the base stations

to adjust their downlink transmit power levels so that a desired relation between P (t, ., )

15  and P,(t,,,) is maintained. The transmit power levels P,(t,), P,(t,) result from earlier
commands AP,°L(t,) and P,P(t,,), as shown in FIG. 1.

The RNC can determine the adjustment commands in several ways, as described
in U.S. Patent Application No. 08/870,867. The power level adjustments typically are
made once per frame, keeping the drift between the downlink transmit power levels of

20  the downlink transmitters involved in a soft handoff to a low level, e.g., less than 1 dB
on average.

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 an

25 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 bdse station

30  BS2 as commands PC’’. Due to errors that may arise from many sources, a command
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30 BS2 as conmmands PC'. Due to errors that may arise from nmany sources, a
conmand -5- PC may not be the sane as either or both of the commands
PC, PC', and the command PC may not be the sanme as the conmand PC'. The
magni t ude &YO P& ffer ence bet ween one downl i nk power | evePCHN898M83ner
downl i nk power |evel affects the systenlis capacity because one base
station's 5 transm ssions ook |ike interference to the other base
station. In addition, the rate that each downlink power |evel drifts is
| nportant because faster rates usually regsire the control conmands to be
I ssued nore frequently. This increases the nessaging | oad that nust be
carried by thgcléhgv;}%t%tme d Deifies6r Bothlor PScoBPAandBPE’ apd- 1t bigd HYC
According to U S “Patent Application No. 08/ 870,867, these problens are 10
avoi ded by ustcorgmandPCt ynabastbe thewaine ak thecsemrmamdB#EC'0) . According to this
sures the quali t he ei ved

approach, the renote term nal ty, of re
downl i nk signal , eﬁ%g}agwd&é{fgerﬁq%???&c? S WERROR: dQWél Weéﬁﬂ’efﬁ%a’f%)éer

renote termn tS ol [ by
sendi ng a sui ?@gﬁ%ﬂ{qﬁ@%x#@eﬁé@g@%@%tsg%%xﬁgsa%gééei S a'fn!isg r?glpisﬁg\}o v_eél ksl n the
handof f. Eachihasdssiditlbolnlikomdfeienck e tHeedthdrebabe statiota | rbaddfiitéd, ithe ke that
nessage (a Layer-3 nessage) to the RNC, which causes the base stations to

adj ust their eashdommkink pawsnievelsisifisris impertan becaueg faster ratesppsyallyireggire shey. S.
Pat ent Application No. 08/870,.867, the_.renote ation RT either na

por | odi cal |y CHITEP! FRREEPE Bro% X0 molF Fetoubiin YRk mCTegren 1S PETRg e o b
network or maysehaRrié ERP e MRS BENREN Bhetbal aribis BB 1B BE2ArAQHE RINTK
transmtter is 20 received wth a strength that is higher than any ot her
currently recei vedAdoosdingri UsBgPRaténtsAppdicatidn Nbn08/8%0h 847 ,¢heseproltleins are

system the network RNC woul d respond ;o the renpte station' s signal
st rengt h ¥bpontaided byusing ﬁ‘bah&\hp‘}ﬁeg HewphRle PaVer %ﬁowgewremw iﬂHRgBPIQFﬁﬂ» is

received with ' : t hew ' . r WL
This sconari otedepdletefiina PRt Bl dePinel MBI HINEr-AVE Bbnitk bl ARRFYY
term nal's 25detemgigidig\thel FERVT the\ BEROWEC tHe \tké reroté tepmiifahR Thapertsitatuality BSI

is greater than the recei ved downlink power |evel P2 fromthe base station
BS2, the downMmeasurgsaens o theaetwank byrsepding arsuifable quality meswags te thedirspsiations

ace otati on Bupved Bhegedtt Baltl b 3UEbn Sffinel b komi BTN Hall

15 message (a Layer-3 message) to the RNC, which causes the base stations to adjust their

downlink transmit powers appropriately.

According to U.S. Patent Application No. 08/870,867, the remote station RT
either may periodically send reports of its received downlink signal strength to the
network or may send a report whenever a signal from a new downlink transmitter is

20  received with a strength that is higher than any other currently received downlink signal
strength. In such a communication system, the network RNC would respond to the
remote station’s signal strength reports by causing only the base station whose downlink
signal is received with the highest strength at the remote terminal RT to transmit.

This scenario is depicted in FIG. 3, which shows that when the remote terminal’s

25  received downlink power level P, from the base station BS1 is greater than the received
downlink power level P, from the base station BS2, the downlink power level P,
transmitted by the base station BS1 is greater than zero, and the downlink power level P,
transmitted by the base station BS2 is zero. (In practice, the power level P, only needs to
be substantially less than the power level P,.) The weaker base station BS2 should

30  operate otherwise normally in soft handoff mode. The network informs the remote
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e e e

be substantially less than the power level Plerr].) The weaker base station
BS2 should 30 operate otherwise normally in soft handoff nobde. The
network inforns the renote -6- term nal RT whenever the system decides
to change Wie9%¥/5@MEnitti ng base station to acconmpdat e baseprPcT/HS98(10932

di fferences, such as different pseudonoi se signals, although different baSe
stations generally | ook the sane fromthe point of view of the renote
station in soft handoff node. 5 Yet another solution disclosed in
U.S. Patent Application No. 08/870,867 is fo apply open | oop power control

I nstead of closed | oop power control during the macrodiversity connection.
According to fhi.s rvf}?eﬁ | ks | aﬁ%‘l I n

t he base stations a?%@o vegy"i"?}ﬁ%@% t&%g%{(?f%h?n%gr?géyﬁe ft%l’gﬁbégés:%?t'ie({nngtﬁs are
forwarded to #deomitiddatcHase RMibdifferrasmssuches differenapseadordaisersigrats, bdrmgh
stations 10 _involved in the soft handoff and causes only that base
station to trd@ifferant begsstationsgpncrally lonkibe same Epmthe poinief vigw phiheremeree
termnal is highest. i S e io is depicted in FIG 4, which shows that
t he downl i nk mﬁ@égaﬂfoz(?ﬂr&a%'r ansmtted by the base station BS1 at a
time [err]s is gregeeinciitaRBokBbR disglosed iy SO Paeht KpiliRuEon NBY08/876 867 is to
transmtted by the base station BS2 at the tinme [err] is zero. 15  This
condi ti on occappdy epemalopp paver edntrodinstead of closkddndp pewen comtrol duringhe cont r ol

set commands Set Plerr Set Pl.err], ‘sent by .the RNC to the base statio BS1,
BS2, respect i FAPRPIVEFAY QRIGFHARY éF%%rH’E‘ﬁéXBBW%a@P’ tg%l’r&éﬂ%@b‘é%“ﬁ?ﬁ?‘f?e
base stations,, i Al ' : £ t Lok,

val ues SI R er?}]{%1 S{ %i g;yfbﬁgkgﬁgﬁsgﬁdég | Rgrg?ftrlr]e ti%r%??&fdﬁﬁlﬂ&ls eﬁgrli%%,
on occasi ons furearded & thpRNE. Phe\RNC mroetsss dheaSIRavahaes droki fie ibase, sttiofs ,
station BS1, is higher than the_ uplink power received at another base

station, ¥ g.invelvad inpthemef handodt qadcaussp alyihal bagpesiation to fransmit whesedovalinks]
causing the s | rt t rgnil;t ' to the renote termnal RT, to
t he base statﬁ%&lérg%?¥§%cﬁfs"lgﬁggﬁﬁ&%{taf| magég‘g%hg&smp transmtting to the

remote terninal RTThidR6knaflo i @pictsilih FIG 4, Ritieh sHows @iadd o Hbwiiliak power fe0EIN nal
RT to listen only to base station BS| and not to base station BS2 from a

speci fic franB(huhtsasmitichbyithe baseatitios RS1582 timed: 518 sreateritban Zer¢,aod thet e
operation of Gownlink} p'ym(':e%év% it),ﬁ)t ffabsmitted by the base station BS2 at the time t,,, is zero.

15  This condition occurs as a result of respective downlink transmit power control set

commands SetP,P*, SetP,”" sent by the RNC to the base stations BS1, BS2, respectively.

The RNC generates the power set commands based on the base stations’ respective
determinations and reports of the uplink SIR values SIR,(t,), SIR,(t,) at the preceding
timet,.

20 Hence, on occasions when the uplink power received at a base station, e.g., station
BS1, is higher than the uplink power received at another base station, e.g., station BS?,
the RNC sends messages to the base station BS 1 causing the station BS1 to start
transmitting to the remote terminal RT, to the base station BS2 causing the station BS2 to
stop transmitting to the remote terminal RT, and to the remote terminal RT causing the

25  terminal RT to listen only to base station BS1 and not to base station BS2 from a specific
frame number onwards.

FIGS. 5A, 5B, and 5C further illustrate operation of 2 communication system in
accordance with U.S. Patent Application No. 08/870,867. In block 501, base station BS1
receives data and transmit power adjustment commands from a mobile station RT. The

30-  base station BS! identifies and decodes an adjustment command received at a first time
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accordance wth U S. Patent Application No. 08/ 870,867. In block 501, base
station BSl receives data and transmt power adjustnent commands from a
nobil e station RT. The 30 base station BSlI identifies and decodes an

adj ust nent WORHEIE received at a first tine - 7. - i nst antPCTR/PHo8/A0932 )
conveniently may have values of either +1 or -1, and accordingly adjusts
its downlink transmt power level at the next tine instant. As indicated by
bl ock 503 in FIG 5A for exanple, if the nobile sends adjustnment conmmand
PC = 1, then the base station's transmt ppwer level [err] = +1 dB with
respect to its previous transmt power 5 level [err]. Simlarly, if the
nobi | e sends jagind SkRER tomeilerng nid¢ have Valudsiugrithdrer 1aasd, sidddcordingly héjnses t
power level [err]= -1 dB with respect to its previous transmt power |evel
[err]. In bl disidoBotnk tragsmepeverdevedatrthe newditisea instgnt: Hes indigated hi biock§83in
power level [err]l,.at tine . [e I s.sent, by.the base statj.on | tLo.the RNC
The base st aﬁén}‘ﬁréfﬁ%lg léé%d%&élﬁéﬁp%ééﬂﬁg‘ﬁ??ﬁmggbre}r%? 'ﬁlﬁgaﬁﬁ)bi l e
sends power It : VENgs )i : i [ oad
on t he base g.’lf.gzglltB ?{gﬁwg%%t%to ?Vgﬂeer é@'ﬁﬁ;&?g%t&@s@%lﬁgéﬁ% t%gggitgp g’te%on
may count 5t hdeveliP{(g). Similaelyeifviedmels]elsshdeatjustmenteonsnand 0= séniliemthedasage
every N-th adjustnment command, where Nis a factor a tines the nunber n.
The factor a S%sﬂ nisdranpmit powgelevelP thd = ahgB vituesnesbiatts PEeviePsArREmIt POBIT f or

own 1kt a0 PoByBvoTR Tl Pberd IR aRaRG B SR irheaflivlg * ©°

bl ock 509 i n1&JeBp,(BPat tihet, R\eent B fe'base StitonBSSRARSRNEG. rthedizde RS b Y
messages from other base stations involved in a soft handoff, e.g., [err].
The RNC, whi @referablyl sendasteh messsiges not @slofien auithe mobde sends poyemadiestnent
processor  for the purpose, then deternines new respective adjust nent
com"randsrl?er PGS oraf:fetp,rfcﬁlcg\ﬂ]eépgnglllqgﬁa?cg%& @8%8595 siﬁt‘(%li cgh%osl,eﬁ FIG 5B
mey be based i SRAREE HoHagel S5 AR il eLoMBLdi MY dchARAB
power | evel sc igrrlérc Sx(1)f t{%{mglggeg s:ygt&lcoar‘ls B ?Lyb Bdgg Inn t ﬁe exarlrg\lfaeatdﬁ‘ﬂsl&ﬁ!gﬂt
il lustrated, commgndsn[and sgnd anessadeieyetyiid-th edyustdjenscomanind; ovimerer N i ©facior a
corresponds to the first base station's previous power |evel Iels€ hal f of

the diff er endENSERBERDY He on 3Ry Be anpjieachi thefrnaelam Fhont 1 toAbert
[err] 25 o [ tdneny VA r..d evel
pl us half of qlt’6 Rg%@ﬁg’%’%’%‘?‘g"ﬁ?gﬁ 95%% é?irq]b%i&[sig?’r ég g%ggdgﬁyﬁaﬁi Io%eﬁtlﬁe sane
oper at i o5 woudotinliftk trafisnhiefowettlevel to the commanded amount.

As indicated by block 509 in FIG. 5B, the RNC receives the messages P,PL(t,) and

possibly messages from other base stations involved in a soft handoff, e.g., P,?*(t,). The

RNC, which may include specialized circuitry or a programmable processor for the
purpose, then determines new respective adjustment commands AP PL(t,,,) and
20 AP,Plt,,,), which as indicated by block 513 in FIG. 5B may be based on the difference
~ (block 511) between the downlink transmit power levels P,(t,), P,(t,) of the base stations
BS1, BS2. In the example illustrated, P,P(t)) > P,P(t,), and thus the new adjustrﬁent
command AP,PL(t,,,) corresponds to the first base station’s previous power level less half
of the difference between the power levels, and the new adjustment command AP,P (t,.,)
25  corresponds to the second base station’s previous power level plus half of the same
difference. If P,PX(t,) > P,P(t,), substantially the same operation would be carried out,
but the identities of the base stations would be interchanged. These commands are then

communicated in any convenient way to the respective base stations as indicated by block
515, '
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but the identities of the base stations would be interchanged. These
commands are then communi cated in any convenient way to the respective base
stations as indicated by block 515. -8- The operation of this kind of
comuni cat iwo sgeeloem i s further illustrated by FIG 5C, in phirgiRe@{bes2

adj ustment command [err] fromthe RNC is received by the base station BS1- .
as indicated by block 517. In response, the base station adjusts its
transmt power level at a tine t, + tmas indicated by bl ock 519, where the
interval tm5 I s'a convenient tinme int er;ggl, such as an integer nunber of
communi cation frames. Simlar operation are carried out in the other base

station (-station BS2). In.addjti I the power |evel, af th aker, base
station was conmanddf °Pgrapen Qtﬁ'ﬁoﬁﬁfﬂ ngqwmﬁﬁF%FWY i) lﬁw%m%a‘ﬁﬁ(hycat ed
by bl ocks 511gpd9sct RR4E g B AP 9P ot iR KNG §OHBLNe® By th

mai nt ai ned i nfgéof %Chgﬁv&}é\ffé?lﬁﬁngd@@%nal | other frespects as descri Ped 10
above. The cl bardtdtivnBIoasnihdickted byvblock Si7.r O resporsedthe dase stitioh atpcsesitsvi t h
reference to FIG 1 involves extra si ggal ling between the base_ stations and

t he REC. For HREYMI BoWenhlevel8 @ timehibhe2iadigated by diprky15oWoerethe igvat b, t he
RNC ~y 10 g o .adri -, i
o choachi bt B aCOmERE: file HERRL SPon SR ik miline? pLitmhaatih flufl, B ©

power adj ust NBihilftdPeration ardtardied But iMliid GhétasOttatsn GeltiohiBE2). Th addige® df
with reference to FIGS. 3 and 4 result in a fairly | ow anount of control

si gnal | i ng betheqmwer heveRnEtharwkakerchase station was commanded e be suhstantially neredyf or

efficient closed | o0 ower contr.ol, ¢ jned wit nmet hod of, .sendi ng power
control data meﬁgﬂﬁ@vﬁ@%owoépﬁﬁég%ge%tw gﬁ@sﬁﬁﬁap%%r odi versity

20 transm sgiRs, W o] | :

I nvention to %érl ovi (ﬁg(%ag e |agt%*rll§d %qugg%gécgggﬁgg\%?%%gﬁ oﬁ&édfoésﬁﬁg %eg e

stations ihatabewe.i nvol ved in a macrodiversity 25 transmi ssion to a

particular nobile station, It is a further object of the (Eresent_ i nvention
to reduce signalli Agecloged lospdawaliple powaroptigbmsthad devcsibpd gnwpeatith reference

macr odi ver si ty, bf@NF fdfed St Gg Rt b Rbdrthe B tAtioRd ahd'the B! Bove! S Of

t he base

example, the base stations need to send a power message to the RNC about every
10 msec in order to keep drift at around 1-2 dB in a system with a high rate uncoded or
15  Ittle coded power control commands and a power adjustment step size of 1 dB. While
the other solutions disclosed with reference to FIGS. 3 and 4 result in a fairly low
' amount of controi signalling between the RNC and the base stations, there remains a
need for efficient closed loop power control combined with a method of sending power
control data from an RNC to associated base stations during macrodiversity

20  transmissions.

SUMMARY

It is therefore an object of the present invention to provide an efficient closed

loop power control of the base stations that are involved in a macrodiversity
25  transmission to a particular mobile station. It is a further object of the present

invention to reduce signalling requirements between base stations involved in a
macrodiversity transmission and a controller adjusting the power levels of the base
stations.

According to the invention, these and other objects are met by a method of

30  controlling power levels of signals transmitted by base stations in a communication °
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stations. According to the invention, these and other objects are net by a
nmet hod of 30 controlling power levels of signals transmtted by base
stations in a conununi cati on SUBSTI TUTE SHEET ( RULE 26) -9- system

havi ng basW®8628ns and renote stations. Power |evel contr®FT/USIMEPEs are
transmtted froma renote station to the base stations from which the
renote station receives signals, to control the power |evels of the signals
transmtted by the base stations. A determination is whether the renote
station is sinultaneously receiving a 5 ®irst signal transmtted by the
first base station and at | east one second signal transmtted by at | east
one second bagStesi Rivifybds dfatibRACanddemdtesiitionk] Power ledeldonerdl commandicare

i nformati on. first report of a power level of the first signal is
transmitted ttoansmiited froml acremfotestatidngofthe baselstations frami which fiie temote staticn

d t of, | | .of at | t tted
Lo the cont ﬁore?w?sfa@ﬁ%ﬁoﬁéﬁgqlo%&%%ﬁsﬁ S 58 CabeliBn by e bir ot
t d at
report and alkas! PRECARGAAh b ARMer e FRPANRS i SrhlinEARY RbkiFing £

first conman ower rst si

transmttéd fﬁl@ﬂmgﬂeﬂ m&tnitfddltgrthé first besef statiin dnasaelaktaiuwacorﬁm‘iigml | east one
second command for adjusting the power |evel of the at |east qne second
signal is trdransmittesddy atdaast pae sesand base statiop that inchudersubstantiadly ddentisak e

Soaer 1 over dBRPe nidRERAL ATk eport of R o AP RYLIR M At kiR R ARA S 1

base stati ons, gintdllef froffthe rfﬁ&taaawaﬁudm eAt RAR!dhe $badint @EpdrEELA PERerSle G IS
fromnore than one base station. According to a first aspect, the sane

power | evel cardeasbbnecsecomhsignal ietransayitied totthel certvadlea from atdsast opersechrd baseot e

station t,Q the base_st tlons ding to a second asp

redundanc@ i ST, JERF Wf FWFF@“@@&/[?@S"I qg\‘?éF“Qf’é‘ﬁFP?fF a’i?cﬁﬁ"ﬁﬁ’ﬁfféi W%%%‘Pﬁ“fotnéﬁ

fromthe renpo t t,
A Girst & hg%ﬁ] h&i{.g?tg@?gee ?f@&‘ RYS- of'?ﬁ&ﬁfsg%gﬂal i udn S1ttr':&] HRAPRE

power control conman rirc to one or tions are
transmtted tepntdolisetolths firgtbasd station, And atrldasigné eecand; earnmend fidradijuseing tidf t he
l.nvention, a step _size qf the 25 adj ust nent of ower |levels by the

control | er i SPOSeT ?Wéft%?é#aﬁwersé?ﬂﬂdél%“@h%sl tg)q{xsmxtted om the controller to at
least one second base station.

15 According to a first embodiment of the invention, the power level control
commands are transmitted from the remote station to the base stations at a reduced rate
when the remote station receives signals from more than one base station. According
to a first aspect, the same power level control commands are transmitted several times
from the remote station to the base stations. According to a second aspect, more

20  redundancy is encoded into the power level control commands transmitted from the
remote station to the base stations. According to a third aspect, power control
commands which are specific to one or more base stations are transmitted to those base
stations.

According to a second embodiment of the invention, a step size of the

25  adjustment of the power levels by the controller is set lower when the remote station

receives signals from more than one base station than when the remote station receives

signals from one base station.

30
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receives signals fromnore than one base station than when the renote

station receives signmats—f+em-one base station. 30 -10- BRI EF
DESCRI PTI ON OF THE DR?,\IN GS.FIG | illustrates a nethod of downlink
transmt meows/seant rol ) 2 BeerfRepheiidover ; FI G 2 i || ust pat/@sosaossf t

handof f involving a re
Il lustrates one nethod i a problemof a renote station's- power
control commands being received w a signal level that is too | ow during
soft handoff node; FIG 4 illustrates anojfier nmethod of overconming the
probl emof a renote station's 10 power control conmands being received
with a signal level that LS, J e; FIG H5A to
FIG5C illustrate communi PBIE t‘%‘\é\i{n %@&WBWENQG shows a fl ow
di agram of a meth ratal ; RO ' ntion.
15 The i sk, asAEpa HRudd A HORRIF HaBAICpIRNonREl hithe ot
reference t ohgndebetred exenplifying enbodi nents and the acconpanyi ng
drawi ngs. DETAI LED DESCRI PTION It _shouyl.d bhe, understood, that the follow ng
description, whi | EIG.rdillgirataga seft handoHrinyoleipe smaic siation a9d twedass vent i on,
IS given §)y \/@%of illustration only, since various changes and
modi fi cat’i onTWhi n t he scope of the invention will becone apparent to
those skilled in Fit 3allhstrds odg nedthddNE 0QErcE IR DprbBlemestia rephotdktation’s
communi cation network for adjusting the base station output power |evels,
as di scl osedpdwer contpirommandsbeing Peceivad with signal leyel thet is oo lowigrigg B0867, i s
an efficient tg_od%({ or keeping the traffic channel output powers at proper
| evel s duri Bft%ersity. However, this results in extra signalling
between the RNC apfh UNgulats bkl MBHod 6£6Wréinidg HR frifief T35 Bkote AR O,
several nethods can be

10  power control commands being received with a signal level that is too low during soft

g l‘gkd two base 5 stations; FIG 3

handoff mode;
FIG. 5A and FIG. 5B illustrate communication system operation; and
FIG. 6 shows a flow diagram of a method according to an exemplary
embodiment of the invention.
15 The invention will now be described in more detail with reference to preferred

exemplifying embodiments and the accompanying drawings.

DETAILED DESCRIPTION
It should be understood that the following description, while indicating
20  preferred embodiments of the invention, is given by way of illustration only, since
various changes and modifications within the scope of the invention will become
apparent to those skilled in the art.
Using an RNC or some other entity in a communication network for adjusting the
base station output power levels, as disclosed for example in U.S. Patent Application No.
25 08/807,867, is an efficient method for keeping the traffic channel output powers at proper
levels during macrodiversity. However, this results in extra signalling between the RNC
and the base stations. According to the present invention, several methods can be
employed to reduce the signalling between the RNC and the base stations,
For example, the needed power control command rate, i.e., the rate of power

30  control commands transmitted by the mobile station to the base stations that is needed
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enpl oyed to reduce the signalling between the RNC and the base stations.
For exanpl e, the needed power control command rate, i.e., the rate of power

contr nds transmtted by the nobile station to_th )

statlons t ?&%gy‘ﬁeeded -11- in order to reach the SIR rér@g?s?wﬁgy be .

| ower ed during soft handover, e.g., by a factor of 4. The idea behind this
approach is that the drift will be smaller if fewer nessages are sent to

t he base stations, because fewer nessages will be interpreted differently
by the base stations. This is feasible, slhce the purpose of fast closed

| oop power control 5 is to follow fast fading. In soft handover, fast
fading wi |l inatrdéretoasachethe SRR axget; may be haiwered dumng safbhrbidovamns. gluky & factrod

space diversit Anot her _way. to | ower, the sign i.rements between
The RNC. and afife. Bhe e bating s approath i the A ol B sp @%rtl ST IESRES 7,

I.e., the relat ge{tf‘}g HPBRE stafiBhs g@&u%fe%;n&@yxges Bl B‘Qi %@%ﬁ% to

t he RNC power conma ccording to an xerrp ary

enbodi ment, e pagPstitions. OfhislisdBasite, shtde ltRyBurpdset of f@stZﬁ)sekBldéErpOIwr control
macrodlversMy The i dea of Iowerln the step size is to make the drift

sl ower, $i ncie tefeltow f%Efadlqg@vhrSOﬁdm@mﬂer,rﬁststpa@eg wall netld asesgvererasdbignt |y it
wi | | onIy resu hat the RNC does not have to

t in
adj ust the b rgpra{xg cﬁ‘?g mBB%é‘fﬁw Fpﬁcg‘éa‘f%“ s often as it would have had
to for larger ste QU4 chients BHtivedn the RNG anehebef ore
adj ustments are ngggﬂé]dle%%\ygiﬁg}ft ﬁétﬂfdﬁgﬁgoaghs 'S tr{lat It requires
little or nobastgtasibhs 3go doweer thépower adjustmerftatep. sizEo i1 thdelative ammanethhhe

required si gnal ling between_ the RNC and the se statjons, the sane power
control cormif FI%‘?PBW”{ }Sé‘ﬁl&ﬁeﬂtréﬂmﬂﬁ%?ﬂoc the PPWeEIILYSIBENt COmmaRdp a5 o

station e Hen a t

command s r§é€4 rging 5 3n eXEiAiry EmfodinGR™R stepisteiof 3 B By BE WerE@RS 095
mejority of direng mﬁ@bwdrshyt Srlﬂrl@ea(bfﬂbﬁetﬁﬂxg/thbefbplsmds tomakatRArdsslbwer,
nunmber of bits considered Increases. For exanp is less |ikely that

four or nor esinéa eachfinama powen coprpkmessagh xsame@cﬁdﬂiaﬁ@renﬁly it wl mésczqsv ina

| |
ooe ved | noupabatity TS meats &R e BNC s e kb arpitiné B atonl oimy®
signal | i ng rgaiér1ev@hsofedt yﬁewoﬁtaquab@ﬁﬁd & Rk 12pér stepkizdieiffAiCequally Rratse

nore codi ng on the power control conmands
15  drift is allowed before adjustments are needed. A benefit of this approach is that it

requires little or no signalling over the air interface.

To further decrease the required signalling between the RNC and the base
stations, the same power control command may be transmitted from the mobile station
to the base stations several times. Hence, the probability that the power control

20 command is received correctly increases, since the probability that the majority of the
received bits are correctly received increases as the number of bits considered
increases. For example, it is less likely that four or more bits in an 8 bit power control
command will be received incorrectly than that one or more bits of a 2 bit long
command will be received incorrectly.

25 Yet another alternative for reducing signalling requirements between the base
stations and the RNC is to use more coding on the power control commands
transmitted from the mobile station to the base station, i.e., to increase the encoding

redundancy of power commands during macrodiversity.
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transmtted fromthe nobile station to the base station, i.e., to increase
t he encodi ng redundancy of power conmands during macrodiversity. SUBSTI TUTE
SHEET ( RULE 26) -12- In both of these approaches, extra bits are used in
t he power WO¥B#SE00comuands transnmitted fromthe nobil e st atPiCIUSOYIG9BLTr ease
the probability that the power control commands are correctly received by -
the base stations during macrodiversity. A lower power control conmand rate
al so nakes it possible to send different 5 power control conmands to
different base stations. Thus, the output.ipowers fromdifferent base

st'ati ons can be nmade gain dependent by adding little or no extra

signalling. This zxgB§tﬁ2§fﬁ%%§%gﬁ£?c@gdé)&fa%'ar@&{égflh Eheﬁéo&&%ﬁﬁ*rﬂlgcom&ed

power drift becau 'on"1s ab count eract

drift by chogahéfitied frop@WRmesiR stRionee fvreude n&qnbbé:bcﬂnghrfﬁtemepéw&mtrol
stations in such a way that the power drift is 10 reduced. However, in

order to sengommandpiresorieetieraseived by diethase stadonsedwaingmeacsedivarsisht base
tat th bi | tat Kk t | t. th
i fferont base ot A foas PoRBEpireR sophaih s MRS nBRETH prBME To SRl Eerdly o
regardingst hgb{sve O cBARBRhAY ﬁv(ﬁfférehpoats@@taﬂ&% | Pt ﬁfe‘ 0 t}ge;efméﬁle

station is n I'tkely to counteract th e power drift nsmts the
sane power cdiffarent Hase sthiiorisacar bs mztle gaim dependenchy addxﬂgShtt]esor(mraxa'at |y
be combi ned,

connected. The approaches descri bed ove can,_ of_ course,

Al so, by int FB&&’E‘PE ppreachhas me@&twﬂ&ene@%ﬁapgwmm@w@e Aifhe
supported. A f egle

stations andbgﬁiwﬁﬁfgrgébd“ nqgf‘akgﬂ%mlrtée}gcetn %&%ﬁ%ﬁy IusiJ ?{id as
a flow di agr aghtkdl dolrnan@s seifd to dffe@emamtmg ihsuchta ‘ﬁi}ethaﬁ@@,po%r whftGsH a
determ nation is made whet her macrodiversity transmssion is occurring. If

so, the het hoetduseht Honsyeniin prder éhsesd she mpn@rwat%eowymtrob@mm@ndsd@ mrands
are sent to t hase atlo fromth n_at .a

e ot st op LTERAE rREo e i OB R R neR S oG bR PR aS R

control comugtgemttass fifiorls! ARcoRBngIPPink %aﬁ tiods sérl infRméfon ré@ﬁﬂné Hﬁﬁr‘ ons

I nvolved in the macrodiversity transm ssion at a reduced rate. Step 620 nmay
i ncl ude one ontpubpewstlepals G2the nBbile station.6 The winbilh statipn enatdikelyetd counteagt
paral l el .

the power drift if it transmits the same power command to all base stations to which it

15  is currently connected.

The approaches described above can, of course, be combined. Also, by
introducing extra signalling, other output power schemes can be supported.

A method for reducing signalling requirements between the base stations and the
RNC, according to the present invention, is illustrated as a flow diagram in FIG. 6.

20  The method begins at step 600, at which a determination is made whether
macrodiversity transmission is occurring. If so, the method continues with step 620.
Otherwise, power control commands are sent to the active base station from the mobile
station at a normal rate at step 610, and the method returns to step 600.

At step 620, power control commands are sent from the mobile station to the

25  base stations involved in the macrodiversity transmission at a reduced rate. Step 620

may include one or more steps 621, 622, and 623 which may be carried out in parallel.

At step 621, power control commands are sent from the mobile station to the
base stations involved in the macrodiversity transmission at a reduced rate by repeating
at least some of the power control commands. Multiple consecutive and identical

30  power control commands increase the probability that the commands are received
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At step 621, power control commands are sent fromthe nobile station to the
base stations involved in the macrodiversity transm ssion at a reduced rate
by repeating at | east sonme of the power control commands. Multiple
consecut i WeO&aw/&6200lent i cal 30 power control conmands i ncr ®ETAISYENE0932
probability that the comrands are received -13- correctly. This reduces:
the anobunt of signalling required between the base stations and the RNC. At
step 622, power control commands are sent fromthe nobile station to the
base stations involved in the nmacrodiversigy transm ssion at a reduced rate
; by encoding 5 nore redundancy into the comrands. The hi gher rate of

+ coding incre Ld & t > Ont

recei ved cor r@‘z‘gﬁtg)’he?ﬁ% gaﬁlg%;uﬂgéém%}ﬁg oei"'ts ﬁ?ﬁgﬁéglﬁ%ﬁa eﬁ*eﬁgqﬁgg%r%éﬁn{gﬁ? gnd

. between the grSENEtations and the RNC. At step 623, power control comrands
are sent fromthe nobile station to the base stations involved in the

" macrodi versity tratstepS22onower contrelieasarandstase sgpt from the muhiestation to the

; specific power control c nds to each base station involved in the .

| T ol ver of BUCEA iGN 10 Fih bRy BRI AGOD B RRe A ed B £AtSrine; ons
j and the RNCSniote F@pitiaAty iftdind Dohmitids S MHehi R SarRf Sodibf HickbAles e Step 630,
a determnation Is made"whether a tine counter paranmeter t exceeds a

pr edet er m negrdbabitisyhthiad the Thosvep aomrmd cemmandeareaserived dobrectly .8 hesi redwces e | ast -
{ 15 power |evel adjustnent signalli ng bet ween t he, RNCIIEgnd th& base

{ stations. Tha@mPuptRfignalling equifemensReTBeandc pase shsinas ankthe RN ust nent

' signal ling betwee s ' 2| ' el | me
i counter paraneter At%%? ér?gt s%‘r%erg‘%og{r} f%og%g%ﬂé%ﬁgégéﬁ%%@gﬁ%ﬂﬁgh%ﬁ?e Sr ns
to step 600. bidehsedtiting énvolved ih tHEMERUAIVErsitp randiRison bt 4 feduca Rfe bhat it is

time to adjust the downlink output power |evel at the base stations
i nvol vedlQ n treesizigsion pfispestfiopawer contrel samymands tmeaclrbasesstation invelved ipthe 40,

nmeasur ed. power |evel .reports are f.orwarded fro he sg stations t he
RN, and” hew G e BRSSP s Ena i Bdehteen A5 Fach sl fad B base
stations. TheNC{#§edRedOMd BE st sInfdebRoR0fkxib}e al ternative for reducing
the power control signalling between the RNC and the base stations, not
shown in FIG 6, iAtstep G36yedetetmingtiapissnaie whethentapine pointar jaeansdter2ts

adj ustnments by the RNG ) )
I e%ceeds a pre%etermined threshold. The parameter t represents the time since the last

%

15  power level adjustment signalling between the RNC and the base stations, The threshold
indicates how often the power level adjustment signalling between the base stations and
the RNC is needed. If the time counter parameter t is not greater than the threshold, the
method returns to step 600, Otherwise, the time counter parameter t indicates that it is
time to adjust the downlink output power level at the base stations involved in the

20  macrodiversity transmission. Therefore, at step 640, measured power level reports are
forwarded from the base stations to the RNC, and new downlink output power levels
are sent from the RNC to the base stations. Then, the method returns to step 600.

An alternative for reducing the power control signalling between the RNC and
the base stations, not shown in FIG. 6, is to lower the step size in output power level

25  adjustments by the RNC.

This method of modifying power control may be implemented in any system
employing macrodiversity. This method is especially advantageous for systems using a
downlink power control and which update the base stations' output power levels often.

The following description explains how the signalling may be implemented for

30  various illustrative scenarios, but one skilled in the art will appreciate that signalling
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et sekue

This met hod of nodifying power control nmay be inplenented in any system
enpl oyi ng macrodi versity. This nmethod is especially advantageous for
systens using a downlink power control and which update the base stations
out put powapod/sszed S of ten. The foll ow ng description expl aposubsvoshne
signalling may be inplenented for 30 various illustrative scenarios, but.
one skilled in the art will appreciate that signalling -14- may be
performed in other ways. The followi ng description only considers the cases
in which the nobile station is entering opgrodiversity with one new base
station, and the nobile station is not initially involved in a

macr odi ver si ) SSi: | | | :

i nstance cas’rie‘:%y ?énﬁ él\%?gﬁeﬁtlﬁ&thmbl é’ gﬁg?@ g)dr‘lJﬂ Iﬁéﬂé&ﬂﬁ@%ﬁ@&%ﬂﬁ 59?7%%%9 shlgn
two base st ajhighthe mobilSsthtionsieaterind enaerddivezsist with ofie heabves simvhoahd/Hesi ty
w th one or several base stations and at the same tinme enters

macr odi ver simgbile statiasnie not initiallyrinvolwedsia asmagrodiversity trapsimission.n Ofkirch t he
base stations are connec different RNCs. In.a . fir nar,i o, the

ted ta n t. S¢
deci si on f orSCEIALIOS AT EASEAO HORRPe. SO MsBRCe (aiehin Wiych g mAbilEstationddie’ i n t he
mobi | & skat | QnefiFR Mo { B4k S@kishd, XafR IR whidthO hhobile S@AGLELAL, and
the cl osed | oop power control 1s up and running, the nobile station
i ndi cat es t hatcrodivesaity svithooneooti seyeralmse statonscondtat Gle samertamslenterse by sendi ng
a nessage to the_ base stations. The nessage contains inpformation about the
mobi | e st at iTBHTAAVEEIY W enerSsr¥TalbRsa patiens i CasER IHWHch ? SlRtiRSATANd

rate shoul d &sﬂg&éde{oecﬂffeééﬁ?ﬁ@sw base station which is an intended
reci pi ent of € nessage recelives the nessage, that base station responds

with a positive Jaknfnt s@eams)ithe tedidbn fohGliat kind ofrpdeler tonted]l QElEn@NbYsORE
base station receiving the nessage, sone signalling in the fixed network is
requi r ed0 e.rgade inghe/mobilg statien. AVhenjaney maerodiversity base Batipndp conngeted, andd

d f d | fi. ' d he. RNC,. d |
71 “r epar o 11 <net D96 PRt B i Bing hedRil e ne i Fl '
receives at waisto ABSifYNHE Jowichhtfol 23ffnanH Fhie BYSendihg 8 HtdSag 1IRRIASE

indicating that it is starting to use the new power control” schene. The
nobi | e st at istationke Thp mgssagecontains|ikfofmatiarhabontike pobdle statinn e welabee and

starts follqw. ng it.
Rforthation about how the power control command rate should be altered. When a

(D

15  base station which is an intended recipient of the message receives the message, that
base station responds with a positive acknowledgment signal (ACK). In order to avoid
only one base station receiving the message, some signailing in the fixed network is
required, e.g., to verify that all involved base stations are aware and prepared for the
suggested modification and to make the RNC aware and let it prepare for the

20  modification.

As soon as the mobile station receives at least one ACK from the base stations,
it sends a message indicating that it is starting to use the new power control scheme.
The mobile station then prepares itself for the new power control scheme and starts
following it.

25 When a base station receives the message that indicates that the mobile station
has started using the new power control scheme, it informs the other involved base
stations as well as the RNC. At the same time, the base stations start following the
new power control scheme.

In order to use coded power control commands, including repetition, the base

30 stations have to buffer the received power control commands before they adjust their
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125 When a base station receives the nessage that indicates that the
imobil e station has started using the new power control schene, it inforns
!the other involved base stations as well as the RNC. At the same tinme, the
1 base statiwosssé2ast fol |l owing the new power control schemepdii;@kfRs, 10 use
i coded power control conmands, including repetition, the base 30 stations .
i have to buffer the received power control conmmands before they adjust their
?-15- out put powers. If the nobile station sends different nmessages to

{ different base stations, this can be achif ed either by putting an address
.in each power control command nessage or, frore preferably, by letting the

_base stations know whic ower..control co nds they should listen to. This
my be aeh CHBROWGES. ol B BRDE FAbGrbsenln QUEPTent gusiiAzes i i5rent BifALswns For
{ exanpl e, ev r : Hiﬁﬁ ed to a
"particul ar g%ée&gl[bgtﬁcgir??&d&\%\hee\?g??“g@gg‘?nﬁgg@tsﬂgfégtzﬁ@ggggémgﬁét% |80ns 0 not
“notice that mesageobd, noretpaéferably, by ddremg thedakd statienseinodowhich poter @bl at e
or that the ACKis lost, then the nobile station has to re-transmt the
| ost messageconmands, they shoyle Lien (9o sHhipmay e achiavedebyt vsinga petterodon thel  schene

during 1 odi v I tyv. [The.nmobile statio back to . the ordipary
power co%t rﬁ%ﬁgﬂgg{ﬁoﬁg&bﬁ:@r e prac o 9&F€§]¥§1gﬁ BR¥EH %"é‘f"(?. C%VHHE‘.‘&]
Since both gy BeUrMiEsed irla pABCHBIbAsE stafioN! IhRRvES aSsuhfiRp bt éhe' Balsk LtiBhs NO
additional signalling is required. In another scenario, The determnation
to alter thelpoatgioticohat tie mobilerstation isrelthnging thépowert cumtio} cemmand rate bhe RNC.
In this scenario, a8s,500n as a nobj]e statjon enters 15 macr odi versity
with a new tfggtet?‘gﬁé#%f,%sﬁgpbe"tth%m@ e sation Bgs todedransl e lost MESsaghe RNC

i nforns the invol t Al Hﬁ?’ henme needed.
This nmessage is a]i{?cj’) O?r%gﬁrs??ﬁ ]t%tsggﬂﬁ ?ﬁt r?%%ﬁ?‘g&;@gFﬁg%&E%%tdﬁﬁpge base

st at i ond0andmadrediversity ¢ Tticahobile sptiopaiay goleitked vesortiiary pewwnte sdiemeand

the nobile station sends a _message indicating that it has started using the
new power cdHétrisfors dhemacrodiversity feanemissign iends . Sipoe botirtke network and thens

respond wt ' . . statl ons..co nicate.w th each other b
usi Ircl)g th\(,avI f !}Qgtc;}l ne \Woré'k‘g&?ﬁéeﬂ%ggﬁﬁs thiﬁ(gﬁéooﬁgdéﬁqwggégng 5 FaREYe one ACK. Y
I'f no ACK i s receinundthér ttndrié, the dédinlinhtidibio ARL tHEPYwe? cohRbl eRerm€ NdRade NEW

start message. ) ) )
in the network, e.g., in the RNC. In this scenario, as soon as a mobile station enters

15  macrodiversity with a new base station, and the closed loop is up and running, the
RNC informs the involved base stations about the power control scheme needed. This
message is also transmitted to the mobile station. Both the base stations and the mobile
station prepare themselves for the new scheme, and the mobile station sends a message
indicating that it has started using the new power control scheme to the base stations.

20  The base stations respond with an ACK. Since the base stations communicate with
each other by using the fixed network, the mobile station only needs to receive one
ACK. If no ACK is received within a certain time, the mobile station sends a new start
message.

For the case when the step size is altered, the mobile station does not have to be

25  involved in any signalling unless the mobile station decides which step size to use,
since the network knows when macrodiversity begins, and the RNC can simply order
the involved base stations to alter their step sizes.

The ordinary power control scheme should be restored when the mobile station

leaves macrodiversity. This may be achieved without adding much signalling over the
30  air interface.
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For the case when the step size is altered, the nobile station does not
have to be 25 i nvol ved in any signalling unless the nobile station
deci des which step size to use, since the network knows when macrodi versity
begi ns, anWwobesédC can sinply order the invol ved base stat ponwsssnoadst er
their step sizes. The ordinary power control scheme should be restored whén
the nobile station | eaves nacrodiversity. This nay be achi eved w t hout
addi ng much signalling over the 30 air interface. SUBSTI TUTE SHEET ( RULE
26) -16- According the present inventiofe signalling between the base
stations and the RNC for adjusting. the base stations' output power during

di i 1 SSi i i,ani fj. | d. d_|.
Control 'y be supbUPTOaEdts Pirge Tenivh o enuln R s B SubBarREe! 1
between the bRRE R} abjuSify ABbatd RatitNe oﬁtgu ¢ belr (d8fing h38rodiversiy Hah@fdsivh i

whi ch power control conmands are receive t he base stationS fromthe
mobi | e st at i cagnificantiyrediwed. Clased fep, pottee comsinl ey bk suprentedeyrisgadentiré f er ent
commands to different base stati.ons, providing a.flexihl .
t el econmuni caXeFEPR Wi Sedierd Rignaling BetigeD fttqns aﬁ@lﬂﬁﬂﬂ%ﬂh iditinas, the
t hus descki be ' o b | ] ' ' ny
ways. Such vairrueby Nt yleh BVt B ity SRRRGCTRN R0t Buce stiBbhERom e T
and scope of hbiild stmedit is Aivreaad] Birkhes UBEmiabilé ftad oy sendiffarehtdoRenmBY tOUs
to one skilled in the art are intended to be included within the scope of
the fol | owi ngdiffexentlase stations providing adlenible tslecommunisptions§ypeonand peciding of
signal s transmn ttﬁd by base stations in a comuni cation system havi ng base
stations and FEWSCE st at i ons, conprising the 5 steps of: transmtting power
| evel control compgdivbifih Beif St BestiiBbd AP wiIPbE BEVibRSRAhE sdma) HEM
which the renote station 1s receiving signals, to control the power |evels
10 varied in many ways. Such variations are not to be regarded as a departure from the

spirit and scope of the invention, and all such modifications as would be obvious to one

skilled in the art are intended to be included within the scope of the following claims.
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of the signals transmtted by the base stations; determ ning whether the
renote station is sinultaneously receiving a first signal 10 transmtted
by a first base station and at |east one second signal transmtted by at

| east oneW@B¥HAbase station that include substantially | FEHYLHMO%Rssage
information; transmtting to a controller fromthe first base station a
first report of a power |level of the first signal; transmtting to the
controller fromthe at | east one second base station-at—+east—15—one

second report of a power |evel of the at Jjpast one se ' . aring
in the controller the first report and the at | east oiﬂ ; ﬁgﬁm Mﬂmv&
transmttlng“fhr {pctmﬁlegq_troller to the first base stat L s nd

for adjusting tﬁe power {]evel of the first signal, and transmtting from
the controller to the at | east one second base station at |east 20 one
second command for adjusting the power |evel of the at | east one second

si gnal , wherein t he AoBigthod Iocf\‘r‘elltf‘?,lgﬁg peyerlsisia of signnle trapgmidtsd by dasq ggtgons
frequent|y f{ I 4G %@& S {eﬁ{ fxa%hé sk Q&n@ ol ogﬁogﬁ%&{gh gfﬁul sgﬁf

station recelV es sighals om nore an one ase'’s
renote stsatig@gpsgfeei ves signals fromonly one base station. 25 2. The
nmet hod of claim1, wherein the sane power |evel control comrands are

transmitted severamsmitting fomemievebconttobcemprads from arentate atien & the bases when
the renote st tlo ec es Si fromnore than.one bas tatio

SUBSTI TUTE E}HBE %& “%3‘85 agion-, FECRIVIEHERAS. 19 &?’H‘ﬁ R ARYE Jevelo o
redundancy i g @esRASE tfdﬂﬁlﬁxt{eﬂ RAMBAse! s@iffohs.control commands transm tted

fromthe renote statlion when the renote station receives signals from nore
t han one base st adétermihingrwhtiser thdrremoterstatiors isasimnoltaneeusddy versivinga firss signam
one base station. 5 4. The nethod of claim1, wherein the power |[evel

control WormEsrsmittedabis aifirstchpss station nd atdeast ane se&p%ﬁgaaléras@merllhy atdeashe
base stationg,d é%cm ﬁaﬂetspa%n #\dt include substantially identical message information;

transmitting to a controller from the first base station a first report of a power
level of the first signal;

transmitting to the controller from the at least one second base station at least

h

15  one second report of a power level of the at least one second signal;
comparing in the controller the first report and the at least one second report;
transmitting from the controller to the first base station a first command for
adjusting the power level of the first signal; and
transmitting from the controller to the at least one second base station at least
20  one second command for adjusting the power level of the at least one second signal,
wherein the power level control commands are transmitted less frequently from the
remote station to the base stations when the remote station receives signals from more
than one base station than when the remote station receives signals from only one base
station.
25
2. The method of claim 1, wherein the same power level control commands are
transmitted several times from the remote station to the base stations when the remote

station receives signals from more than one base station.
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transmtted. 10 5. The nmethod of claim1, wherein a step size of
t he power |evel adjustnent by the controller is set |ower when the renote
station receives signals from re t han one base station than when the

renmot e st i suseifcei ves si gnal m H‘kuﬂgt ion. : 6pcThesmmbizod of
claim1l1, wherein the conmunicati de 15 Di vi sion Ml tiple:
Access (CDIVA) system 7. A net hod of controlli nhg power |evels of signals

transmtted by base stations in a comunication system havi ng base stations
and renote stations, conprising the st eps; f: 20 transmtting power
I evel control commands fromthe rermte sta ion to the base stations from

whi ch the . renote st on IS, recei vj nal s | s
of the si gnal S tr%m do?fe“ﬁﬂ@ erg afP?r(?r{g&‘%%ﬁgg {n%r%lf:él%av\ﬁg}ﬁﬁé P&S%re
remote statl 1c%n&bi‘%5 &F&ﬁlﬁﬂnﬁt&‘a%&h@& ot Saricn G0k (e reno e by 2
irst base station east one second signal transmtted by at |east

25 one s eC&Bﬁv&ﬁﬁgmﬂi froimomotethtn omebasd statioh thamwher thy remotetsiatian reasiveage
information; transmtting to a controller fromthe first base station a
first reportSImaISafrpWhaé‘?/ém%ﬂ the first signal; transmtting to the
controller fromthe at | east one second base station at |east one second
report of’ a power |evel of the at |east one second signal; 30

conparing in the gonmheghdtRsd éf\dailt I SWhéreiiott power level @introbecrhmants second
report; -19- transmtting fromthe controller to the first base station
a first comuaamsnfited froinuthe iremotetstation\ses spesifis todhe base stations toswhish theyae
transmtting from tpe controller to the at |east one second base station at
| east one se C nd for adjusting the power |evel of the at |east one
second signal, 5 wherein a step size of the power |evel adjustnent by the
controller is set lower when the renote station receives signals fromnore
t han onel(base st afi Ghetrhethodwbelainhé, whersinca sthJSlZON)f thecpawezdevsl gdmstmemrmm
only one base station. 8. The thod of cla wher ei n tge power, | evel -

control co rmiiseonisplleriy setIpWet When g TEROL ?t?%ﬁ?lyﬁf Fens oD "P(E'Frﬁlﬁaé‘ one
station to tpe. Rastnthal &rﬂ&fth%@rﬂofe@?at{oﬁ@&&ves signals from one base station.

6. The method of claim 1, wherein the communication system is a Code

15  Division Multiple Access (CDMA) system.

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

20 transmitting power level control commands from the remote station to the base
stations from which the remote station is receiving signals, to control the power levels
of the signals transmitted by the base stations;

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

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

transmitting to a controller from the first base station a first report of a power
level of the first signal;

transmitting to the controiler from the at least one second base station at least
one second report of a power level of the at least one second signal,

30 comparing in the controller the first report and the at least one second report,
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I, station receives signals fromnore than one base station
than when the renote station reeetves—st+grats—fromonly one base station.

9. The nethod of claim8, where | evel control commands are
15 transn?P98E%%8veral times flﬂmwmgmﬂﬁu ation to t hBCHHS¥/MPR: i ons,
when the renote station receives*sign rem#iore than one base station. -
10. The nmethod of claim8, wherein nore redundancy is encoded into the
power |evel control commands transmtted fromthe renote station when the
remote 20 station receives signals from-p®re than one base station than
when the renote station receives signals fromone base station. 11. The

met hod of cl ai m 8,y R3Ax®InE e tebfroll@\e| the aFk: base SATGHR st tommand Fred
fromthe renote station are specific to the base stations to which they are

25  transm tadiusting Zhe fowerrtevel of theffirst sigmal7andvher ei n t he conmmuni cati on
systemis a Code [?re}/nlsxshllt%gg %Jc!ntl | eI c%négﬁgst% tﬁ%&st Sé};g tseecrgnd base station at least
one second command for adjusting the power level of the at least one second signal,
5  wherein a step size of the power level adjustment by the controller is set lower when
the remote station receives signals from more than one base station than when the

remote station receives signals from only one base station.

8. The method of claim 7, wherein the power level control commands are
10 transmitted less frequently from the remote station to the base stations when the remote
station receives signals from more than one base station than when the remote station

receives signals from only one base station.

9. The method of claim 8, wherein the same power level control commands are
15 transmitted several times from the remote station to the base stations, when the remote

station receives signals from more than one base station.

10. The method of claim 8, wherein more redundancy is encoded into the
power level control commands transmitted from the remote station when the remote
20  station receives signals from more than one base station than when the remote station

receives signals from one base station.
11. The method of claim 8, wherein the power level control commands
transmitted from the remote station are specific to the base stations to which they are

25 transmitted.

12. The method of claim 7, wherein the communication system is a Code

Division Multiple Access (CDMA) system.
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