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BACKGROUND Field [1002] The present invention relates generally to
conmmruni cation, and nore specifically to techniques for determning the
reliability of transmt power control (TPC) commands received in a wreless
communi cation system and for conbining received TPC conmands in soft
han¥iepILIBY CREFESHEATIDN O] COMBINING 08| EBERC OPNTROL CEIMMBNDS PSREWG saFt-amm nal
(e.¥PCFFa cel | ul ar phone) communicates with one or nore base stations via
transm ssi ons on t he downlink and wuplink. The downlink (i.e., forward |ink)
referstlg ﬁ nlcatlonllnkfromthe base statlonstothetermnal
and t he ﬂ é 003 everse 1 nk) refers to the com‘rum cation link from
the terny to t p |caIIy
al | ocat ed di ffe;rgjr%t p?rﬁg%ﬂ)zln?y an =§Pgrf?}c1|\}ri]§$% § &@hg?%oﬁn | pl e
Access (I@Dlﬁﬁlti-sgﬁﬂﬁemtltbdé‘E‘Pﬁa@m‘BmMglmrSoﬁ&S/andowé’l fled Hebiwdryt2622608, ssi ons
frommulti, termnals. Sjince these uplink fransm ssjons, _occ over
shar ed fa}s@g%%n%sﬂ%ﬁ%gne‘? ﬁg rREFREAY Gpligation, 6‘?&’@8‘3‘7@{3@? §y&in bﬂd’?é"
I nt erfer@n@@nﬁ@tﬂagagbmgéssm ons fromother termnals. For each term nal,
the interference due'to other termnals degrades this termnal's received
signal quality. (For sinplicity, signal quality is quantified by a
signal-to-interference ratio (ml{lﬁlw ol | owi ng description.) Each
term nal needs to maintain a p in order to achieve the desired
| evel ofghgrformance, which may be quantified by a partlcul ar frame WO
2004/ 07 PCT/ US2004/ 005544

[1002]  The present invention relates generally to communication, and more

specifically to techniques for determining the reliability of transmit power control
(TPC) commands received in a wireless communication system and for combining

received TPC commands in soft handover.

Background

{1003) In a wireless communication system, a terminal (e.g., a cellular phone)
communicates with one or more base stations via transmissions on the downlink and
uplink, The downlink (i.e., forward link) refers to the communication link from the
base stations to the terminal, and the uplink (i.e., reverse link) refers to the
communication link from the terminal to-the base stations. The downlink and uplink are
typically allocated different frequency bands.

[1004] In a Code Division Multiple Access (CDMA) system, each base station may
receive uplink transmissions from multiple terminals. Since these uplink transmissions
occur over a shared frequency band, the transmission from each terminal acts as
interference to the transmissions from other terminals. For each terminal, the
interference due to other terminals degrades this terminal’s received signal guality. (For
simplicity, signal quality is quantified by a signal-to-interference ratio (SIR) in the
following description.) Each terminal needs to maintain a particular SIR in order to

achieve the desired level of performance, which may be quantified by a particular frame



2 error rate (FER), packet error rate (PER), block error rate (BLER), or bit
error rate (BER). [1005] To maxi m ze uplink capacity, an uplink power
contr ol weembaei7esm i s typically used to control the treRISUSZ0pmees of each
term nal . Oonvent ionally, this power control nmechanismincludes an "inner"

| oop and an "outer" loop. The inner |1%op adjusts the transmt power of the
termnal such that its received SIR as neasured at the base station, is
mai nt ai nEEPraatea(RER)gpackst Rromrte (PERYchlosh mrpmrais (BRERA e bibbriop rate t he
"set poi ”(KBE The outer |oop adjusts the target SIRto naintain the desired

| evel of pe)Fformance, whi ch may be, for exanple, 1% BLER The uplink power
control [10eshaniTemuiakirsizat dpdikt sapacity,e au CeplipRWPEWeO REHIEGI! nwohaisn is
interference_while maintaj nlng the desired |ink erfornance for t he

t er mi nal tYPica it gpedvim o & JEEgRi ROYSH Gt cagh ft?mﬁa of-enventiogally, dbigt
pandort ) pdierbfisol it diisn SREhadRO SRk RBp AR aliPhirBl 168).°The ket 801 SC2PE 1 OF

ink transm ssion froma ternina ase statiohs. Soft
handov er adpusts/ihe ésmsihit @owet 9f thg dérndmal soieh thoteits mu&vgrhsm,e!s feeaswred atithh  as

fadin nd nul.tipath mul t se stat.ion t jfferent | t
e USePiEB TAUCH 1§ ORISR ASiEEh N JBRIAEeGSE ThafER PRI Sy do
| pr oved“se&,bhﬁb' ITHeY ordteF 160?%;{24(}% S&e} tta{ggé’zfﬁﬂillsupl it h&esh%a rlhmlof [1007]

Wiile atermnal 1s 1n sof mul t1 pl e base
st at i onsperfomances rwhiclopnays bey fircekanypleral %t BLERA Eheeaplinko powke sentids e

t at t d] | t t Iy, h b
St ati on BeCERRh It epbBol e ROPST (oREaHTh EoRr B e o G aner at o5
TPC conm@pgitaimag ik RBiréd Bk fsfint@fceToRthcdfshihdle target SIR and transmts

the TPC commands to the term nal. Each TPC command is either (1) an UP
comand ﬂ@oa. reMaIIYh@DMAMﬁmSt sunped sofs dandayer (ans rﬁ)ﬁ h@dﬂﬁ) ogr the2) a DO

command ¢ h base
station |p ?H#h% ée%%ﬁh@ém%ﬁ%?%gfﬁm &géeﬁyg ?{1% rm nar s%gﬂ on the
recei vedfr&hﬁ lf@ﬁﬁxwl Alltipla bageagigticikat $6i hﬁﬁﬁovbhprdv@ddsrtﬁvéréﬁyl&gaﬁﬂl on from
t he term nal . [1008] Wiile in soft handover, the term nal receives TPC

comandsdeletereunpath gifects,ush as dading and mwltinathse sice aaliiplechess staiens atecei ved

convent) BET 31‘?‘;1%8?5%%%? R0 prithet%e H0 R aRGdE, 'Ry

r ecei vedpiokieiniptaved keliabiite forttad uplink. tranemiseidalfrom the terminal.
[1007] While a terminal is in soft handover on the uplink with multiple base
stations, an inner loop is typically maintained by each of these base stations to adjust the

terminal’s fransmit power. Conventionally, each base station determines the received
SIR for the uplink transmission, gencrates TPC commands based on the received SIR
and the target SIR, and transmits the TPC commands to the terminal. Each TPC
command is either (1) an UP command to direct the terminal to increase its transmit
power or (2) a DOWN command to direct the terminal to decrease its transmit power.
Each base station independently generates TPC commands for the terminal based on the
received SIR measured at that base station for the uplink transmission from the terminal,
[1008]  While in soft handover, the terminal receives TPC commands from multiple
base stations and determines whether each received TPC command is an UP command
or a DOWN command. The terminal then conventionally applies the “OR-of-the-
DOWN? rule for the TPC commands received from multiple base stations. For each
power control period, this rule requires the terminal to decrease its transmit power if any

one of the received TPC commands is determined to be a DOWN command.



power control period, this rule requires the termnal to decrease its

transmt power if any one of the received TPC commands is determ ned to be

a DOWN sxcorsmad77690 20041077695 PCTI US20041005544 3 | The
?gﬁi’?opﬂﬁ(@?ﬁe the TPC

OR-of -the-DOMWN rul e works well if the term nal can rel
commands fromall base stations. If fhe TPC commands from any base station
are unreliably received, then the transmt power of the termnal will be

bi ased g@glnwa 1ow. dRueyi. S bec e..UR.£0o 1] . n_.unreliably
recei ve[c]i se s?;ql}ggmﬁaéamerﬁlreo‘ﬁ%%gi‘feg} ‘gﬁ%g?@ﬁgaﬁg}&&%&%‘%ﬁ?ﬁas by the
term Sfthe T]’ﬁticcmnmaﬂh dﬂﬁomhelﬂlbmmsaiohklelﬂth% W?Gaiorﬂmnndeﬁoieas?wsg statignsmi t power
regardl ess of . the TPC co n recejve ro re reljahle se stations.
The dov@ﬁmelﬁ%é}é IF?‘P“Eeﬁagg‘?aﬁ ggﬁ)&%@?mgaww‘fregg]ltggitﬁmﬁé@r 3d dbfbgﬁlqsﬁﬁi nmance

(e. 0., @vhivahe -RIThisis bebifist S LdRh %Ef‘ﬁnre'l'i SEved downwar d
bi as can | ead E’Bﬁéﬁ ossS gf thgéterm nafu']ds?rhg%% at tﬁgl&g}gse s‘%dagttgi ons.
[1010] ssitivnenashie fdmummgslyl dbﬁegﬂsdmﬁ)wythe tanohesAl.r a"hise;yoﬂc(ij .
requir nt is_ often inposed such that on co n received wt
U111 SAmF far gl GRECIeRtn FRASTROPTIRS eI QLD areanes
ConventreQiivdd Fomt Mbre 1RliaIDIbhid dtatRins! Mehe! dfRiwRE biakRE thARRR WhSwdr @ €ach base
station is determ ned based on a pilot received fromthat ‘base station,

Each bassulkimdegadad performasce (&g pillughext BEER) fedtheoigomingky & extréme he

recei ved ilot strength.(i.e.,. received pil,ot, power,) for.a hase station

e cceddnsamien.fhedaoanthd biss Groshd fe 15 Bt LR eRBRETS aBhL AulREsE o he

recei vegatiogkl ably and its TPC commands are conbi ned by the OR-of -t he- DOMWN
rule. [1011] The use of received pilot strength to determne the reliability

of recdilHY TBRDcedhadorarvard biagisng highen BLED: arg sipdesitebleca sgirempntyist |

differe ts ' 0 S..[1 f t | . t TPC
commndilsﬁenf%@&%\gq %ltl&ll Qﬁ{ P%‘h’g% tcg‘iﬂé%nlag ry‘fse?‘%gd‘g{pt%vsxg?ﬁq?%&\} th%e he TPC
comand®ntbised byaths OR-bEcheaDOW N eiter Coavaitiofsilys tine retiabilibyofahe esveivedk power

control_ nechanism If the TPC commands are transmitted at a | ow power | evel
rel at i VB¢ 6ompEngy i eackshase sition ppdesprngned based oprapilgbaccebiediams thaly e

i . - Lot ] . "
bal anc, Tis¢ SRASE KA BKE Salitn iitnill' @ pilol pid RBERwerIERA Y Bne NEERRE, 1, PO
comandpijpd serength (pe. edceivedupilot pawyer)lifbd #ibavd stetioh txoeeds &fpiioetredhakl st ati ons.

In this case, even |f the recejve I 1 ot ) ]
then that base stat%on is consﬁered to ge I1C:)c=,ce:1%ec1 reliably and its TPC commands are

combined by the OR-of-the-DOWN rule.
[1011]  The use of received pilot strength to determine the reliability of received
TPC commands is sub-optimal for several reasons. First, different transmit power
levels may be used for the pilot and the TPC commands. The pilot is transmitted at a
fixed power level while the TPC commands are transmitted at a power level determined
by a downlink power control mechanism. If the TPC commands are transmitted at a
{ low power level relative to the power level of the pilot, then the TPC commands may be
'um'eliably received even if the pilot is strongly received. Second, if power balancing is
not applied while in soft handover, then the ratio of TPC command power to pilot power
may differ widely for different base stations. In this case, even if the received pilot
strengths are the same for all base stations, the TPC commands will be received at
different powers for different base stations. Thus, in certain circumstances, the
reliability of the received TPC commands cannot be accurately determined based on the

received pilot sirength.



strengths are the same for all base stations, the TPC conmands wi |l be
received at different powers for different base stations. Thus, in certain
ci rcunsvemems/n7ibe reliability of the received TPC cop@pfﬂﬁﬁmﬁ@gs t be
accurately determ ned based on the received pilot strength. 04/ 077695
PCT/ US2004/ 005544 4 [1012] There isgherefore a need in the art for
techniques to nore accurately determne the reliability of received TPC

conmand{1612yl t oTk&@8tikE erehee & hesehy 95 TRClorcRENBAES 1) niRt tacBaadgyer .
[ 1013] Technjques for _determning the reliability of TPC commands received

from adeteEREgithe xeliapilityof receiveds PG commends gnd ta coanbisiedbese eeneinediTPAL i on
system @ ' I.n. A received TPC conmand is considered reliable
if its aglgg%l{}taiin\(:sg’ uheaggé‘geg'eds a TPC target value. The TPC target val ue may
be derived based on a TPC threshold and possibly one or nore scaling
factors. The TPC threshold may be a function of various quantities (e.qg.,
SIRL, EO/ I, EE/ N, , and so ors nore transm ssions (e.g., TPC,

or

pil ot, 0 receiyed from.the transpitt EE/ N, is, a

ener gy- gﬂﬁg’ihi gf‘%‘%‘p"‘i“ﬁ \gqr-q‘?mgmirﬁﬁ&‘ﬁ@r@m &Wd%melﬁ.egﬁom is an
ener gy- fithert @-gL O | NRG-a Sk L Bichti I may be
sel ect egﬁ%ﬁﬂ%e(?(%’fé %g%é\/\ggﬁuﬁt) glﬂ Saeﬁgﬁiﬁémcgﬁg‘h&nc%a ggﬂgyﬁgge%?ipgﬁh?%drj t he
recei vedelERC Sonvrivad TS semttiand iveonsideradrpliahle if it dbsolute valvdhexceedsai ver, t he
TPC tar val may 4l e deri,ved based .on i ght . i ghted N,
1 eor gy ek SR i TR G Yl ot B Shrie ot o ety

agai nst pdRbly ahgot mezt vealing FeetdieC Thi rTe&h tHrébha1M0ma Y be aauf@ionVaiivagioand their
derivation are described in detail below [1014] Each received TPC conmand
i s conpapaditiggd¢.gs tSIRhE, TPC EarNetand abum)tfor ondbaimora taesmissiens €L, conmand.
Each detected TPC command may be a DOMN conmmand, an UP conmand, or a

"rej ect d¥C, pdatrand so andrsceivedffompin: tanmeifter. | E.d N, riejas chengyponmlipdoi f t he
recei ved TPC command is considered to be unreliable, which may be the case
i f the &slonaisecandaintastenence iretio,eandi Fotf, TIP@Ncenengyrger-chip-tetotalincoming- TPC
target value. ,Rejected commands are not used forqfﬁower control. Miltiple TPC

t ar get signpl [atioyayhe, dPGhreshold mayrbenselacied) te teadg affbetvaen filss algm ands o
descri b giﬂq%gldgi@cﬁgp r@&mﬁ%@@ $bC ALt EarlTDRntiRE bnltBe HEHERTABNPEL her the

receive conmands.,
the receiver, the TPC target value may also be derived based on a weight (e.g., a

weighted N, /I, estimate) so that the received TPC command can be compared directly
against TPC target value. The TPC threshold and TPC target value and their derivation

are described in detail below.

[1014] Each received TPC command is compared against the TPC target value to
obtain a detected TPC command. Each detected TPC command may be a DOWN
command, an UP command, or a “rejected” command. A detected TPC command is a
rejected command if the received TPC command is considered to be unreliable, which
may be the case if the absolute value of the received TPC command is less than the TPC
target value. Rejected commands are not used for power control. Multiple TPC target
values may be derived with multiple scaling factors, as also described below. One TPC
target value may be vsed to determine whether the received TPC commands are UP
commands, and another TPC target value may be used to determine whether the
received TPC commands are DOWN commands.

[1015]  Techniques for combining TPC commands received from multiple
transmitters (e.g., base stations) in a wireless communication system are also provided
herein. For a receiver (e.g., a terminal) in soft handover and receiving TPC comnmands

from muitiple transmitters, a different TPC target value may be determined for each



commands, and another TPC target value may be used to determ ne whetter the
recei ved TPC conmands are DOMN conmands. [1015] Techni ques for conbining TPC
conmands meErmyededs om nmultiple transmitters (e.g., baslg":i;['s,{I ' % in a

Wi rel ess conmuni cati on system are al so provided herein. %bﬁ@? fver
(e.g., atermnal) in soft handover amg receiving TPC commands from
multiple transmtters, a different TPC target value may be determ ned for

each WO 200d{ief 5Phe RedivePaPN Alnar foreakh fafdHhiticr fre cIH{fgafe%giﬁ)ﬂ&%J -

commands for each transmitter are conpared agai nst the PC target val ue for
t hat transif targat valnedbr Hiah trdnsmitieet obitwin detenied JEPC Tomnuieds c Thel detg®l conmands

for recei TPC c nds .de as unr.el4 abl e are discarded and. nopt used
for powerc ﬁ?mapgsrlt_ﬁ% f&%?‘%%‘f@ﬁéﬁ&'%‘ﬂﬁélﬁ%e‘faﬁ s iCaio (ki s&“ﬂ?‘%\_ﬁ’é itters
ar e conbimnpedsddofoP pewktleontidE dB6ideiceed TPEPEonRAGIsPRY e HaRfpIOalRfiftasl, t he
OR-of -the- DOWN rule may be applied to the detected TPC cOonmands to obtain a

TPC deci irpermpiped tonprovisieidiC desigionst Fow pachpowes soripal nesietsthe ©R-ef-they a DOWN
comand i . j Y (2) a
rejected ]%Oomﬁggi%fgaﬁ L&agﬂgéﬁ%géiﬁégﬁﬁm@an S %}desﬁ?%bg%\g&%c,mﬁ%1 or (3)
an UP cornforthdt giweeicohtsél peribd 0Th¢ TPORletigvhis (1)@ DOWES comatknt ¢f Miydneey be used
for any %osed-l OO’P ower- controlled wireless conmunicati on systemt hat

£ SRiFERES RS

sends TP coprRgngs is @ RPN cosgnand, () g. rejectydpcarymamhif) all These

techni qu Frgpeﬁ Hﬁﬁ]?l . | A t .nmmgzg][ i rious
aspects g%t enb]gg:l nmen g"fl %%a”?ﬁééait%@@r‘?%‘ﬂ %irfmhdrlgg) %gggrﬁ%be |dnd$etf‘rw E%er det ai |
bel ow. BRI@EFR}DESTR Rhaiqjue¥ déddnbERAWeNCRaly Heluded THoe ahg afaseddoopnpdwere, and
advant ages of the .present invention wll _beco e apparent fromthe
detail ed %&E&Q‘?‘gt £S§ cFOmBHRIGAEAD SYFLEHA cthet éﬁ’gﬁ iﬁ%rc R dR SMh t he

drawi ngs M ke I ar rgcH i r |
t hr oughoutaﬂgﬁ I\%{?‘(Iaérreqé%:’ ??%ng%?%@al?g%%m%c%ﬂ%t%%%%gfl{sg&\?m&pg?tggtslg

comuni catoworink yawiethe flloko] Variess agpectsnand Bmblodimnetie of dherdtwentibn sarelownl i nk
dedi cat ed, physi,cal. .chann downl i nk DPCH) and a common pil ot channel

( CPI CH) |q‘|:’€?f\¥’éﬁ)% bg%fﬁllbf’ V-3 shows a bl ock diagram of a base station and
a termnal;

BRIEF DESCRIPTION OF THE DRAWINGS

{1017] The features, nature, and advantages of the present invention will become
more apparent from the detailed description set forth below when taken in conjunction
with the drawings in which like reference characters identify correspondingly
throughout and wherein:

[1018]  FIG. 1 shows a portion of a wireless communication system;
[1019] FIGS. 2A and 2B show the formats of a downlink dedicated physical
channel (downlink DPCH) and a common pilot channel (CPICH) in W-CDMA;
[1020]  FIG. 3 shows a block diagram of a base station and a terminal;
[1021] FIG. 4 shows a block diagram of a rake receiver;
[1022]  FIG. 5 shows an uplink power control mechanism;
[1023}]  FIG. 6A shows a block diagram of a TPC processor;
(1024] FIG. 6B shows the use of separate UP and DOWN TPC target values to
detect received TPC commands;
[1025]  FIG. 7A shows a process for determining the reliability of received TPC
commands; and
[1026] FIG. 7B shows a process for detecting and combining received TPC

commands.,



[1021] FIG 4 shows a bl ock diagram of a rake receiver; [1022] FIG 5 shows
an uplink power control nechanism [1023] FIG 6A shows a bl ock di agram of
a TPC prwoesrenicef 1024] FI G 6B shows the use of separ DOWN TPC
target values to detect received TPC commands; [1025] a{if/&g%?%(&gsﬁ‘b% a
process for determning the reliabiljty of received TPC commands; and
[1026] FIG 7B shows a process for detecting and conbi ning received TPC
commands. WO 2004/ 077695 PCT/ US2004/ 005544 6 DETAI LED DESCRI PTI ON [ 1027]
The word "exenplary” is used herein to nean "serving as an exanpl e,

i nstance, or illustrati o DEPAYLEDDESORIPTION gn descri bed herein as
"exenplary" is not necessarily to be construed as preferred or advantageous
over ot BER7Enmbdthienwntd “examplayt’ g gised 1@2‘&} tsFlrﬁbanl“mhﬁmg a8 poexanpleof a

| t e stati
T10a, 1 FofR0E AR i ftretth s AnE SrlPime on o5 it neiin s Wxemo B b g
stati onig ot Aedesilly & B boRUSE dﬁ;@fen%a wm&geaﬁs Y¥er bR @mbbimEnial s, and

may al so be referred to as a No B, a base transceiver system (BTS), an
access Ppbissignsor sone other terminology. A term nal may be fixed or nobile,

remot o’ UBHT on g1 Shoe’ Buln e £ ST, BT5einitarich; wielt dB0° Fboor a
t er m nakinfpiity, 0SAIY hice! swistdliofnN @ 104, 1M0b! bl @ 10@.96d Ynatte@minalomd ke downl i nk
and/ or upI [ nk at _any given nonent. This depends on whether or not the

t er mi nafbavg EeFlGel- vehbmestaténn or fizest statiorh yesdefor commugpentingvithfe whet her
O ot il LA 88l ol B YlcRHh RNIRKAL b, L Bekd Ginederv S ILATRTIO 5 11 SO

handover 0On ansm ssion 1s’rece al |

t hr ee basesspaihi, onsorid ofber tel-ﬁ;nﬁitogyantd térinifdl mayTles fikehbr hdvileland nisgcei ves TPC
commands fromgqlnlg t hree base stations while_ in soft handover. These three
base st &SP dsrefared; tacas zager savigment (UE)e2 saabilegttatione atismete, sletion, anp30] A

radi o n%d@g%ﬂgﬁﬁpédﬁéo&%ﬂﬁgggpupl es to base stations 110a, 110b,

(1029] A terminal may communicate with one or multiple base stations on the

downlink and/or uplink at any given moment. This depends on whether or not the
terminal is active, whether or not soft handover is supported, and whether or not the
terminal is in soft handover. In FIG. 1, terminal 120 is in soft handover on the uplink, |
and its uplink transmission is received by all three base stations 110a, 110b, and 110c.
Terminal 120 also receives TPC commands from all three base stations while in soft
handover. These three base stations are included in an “active set” of the terminal.
[1030] A radio network controller (RNC) 130 couples to base stations 110a, 110b,
and 110c and may further couple to other network entities. RNC 130 provides
coordination and control for the base stations coupled to it. RNC 130 may also be
referred to as a base station controlier (BSC), a mobile switching center (MSC), or some
other terminology.

[1031]  The techniques described herein for determining the reliability of received
TPC commands and for combining received TPC commands in soft handover may be
implemented in various wireless communication systems. System 100 may thus be 2
CDMA system, a Time Division Multiple Access (TDMA) system, a Frequency
Division Multiple Access (FDMA) system, or some other type of system. A CDMA
system may implement one or more standards such as W-CDMA, 1S-95, IS-2000, and
1S-856. A TDMA system may implement one or more standards such as Global System
for Mobile Communications (GSM). These standards are well known in the art. The



and 110c and may further couple to other network entities. RNC 130 provides
coordi nation and control for the base stations coupled to it. RNC 130 may
al so be woebmrradst o as a base station controller (BSC):CT,EUSM}OB%“SV\A t chi ng
center (MSC), or some other term nology. [1031] The techniques described
herein for determning the reliability of received TPC commands and for
conbi ni ng recei ved TPC commands in soft handover may be inplenented in

vari ous tetHred RS Hebciiod Hefah my S¥S b8 MRed %tsammwutda%m oweeDVA
system a Tihe Division Miltiple Access (TDVA) system a Frequency Division

Mul ti pl econgele dior el thesp echpiquey ars specifinaliy despibed dor upjiokpewepcaigh  syst em

' sso; B A apey S WA R CNVEL ST i Fifemen® WeeDMA Yy Cha

Syst em We@DM*bsjwerﬁ))mmm cations (GSM. These standards are vveII knovvn in
the art WO, 2004/ 077695 PCT/ US2004/ 005544 = 7 t echni ques descrl bed herein
may al 30[13 useW‘FQMgo‘zﬁrﬁqe strugture, sepatl of sweporting mulnle usgs clarity,

t hese t sf I I |n an
exenpl ary syste%aﬁa%ﬁﬁ&ﬁ‘i‘*ﬁ%sk%@%?@% s 0P aldP h WISV, R B,

W CDVA  stysismitjed {aﬁ&ﬁe?]do\mhﬁﬁk/lﬂtodefpiarmalaa teﬂnanaieis pitocessediras arEpeab Inmref
Cyhoe. of ekapr”| Fognelbnt, 2 JHEHE GERAINE] l2dits i e HABHOT SIS F%uﬁatpév?g
parti cul&&lcﬁﬁénmménﬂs&oﬁroqccmﬂt %geé)&eséﬂuc@(eeg v&w@“ﬁﬁ@ét ackdlahpel s at a
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(downlink DPCH) is typically assigned to each active termnal for the
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transm tigHipkRed (EDMYWRnh&K DPCH in radio franmes. Each radio frame is
transm tf 0?3] FIG. 2A shows the format for the downlink DPCH in W-CDMA, Data is
transmitted on the downlink DPCH in radio frames. Each radio frame is transmitted
over a 10 msec frame, which is divided into 15 slots. Each slot is further partitioned
into multiple fields for different types of data.

[1034]  As shown in FIG. 24, for tﬁe downlink DPCH, each slot includes data fields
220a and 220b (Datal and Data2), a TPC field 222, a transport format combination
indicator (TFCI) field 224, and a pilot field 226. Data fields 220a and 220b carry user-
specific data, TPC field 222 carries a TPC command. TFCI field 224 carries the
transport format for the downlink DPCH. Pilot field 226 carries 2 dedicated pilot for the
terminal. The duration of each field in the downlink DPCH is determined by the slot
format used for the downlink DPCH. One TPC command is sent in each slot in TPC
field 222. TPC field 222 may have a duration of 2, 4, 8, or 16 bits, depending on the
selected slot format.

[1035] As shown in FIG. 2A, the downlink DPCH is a multiplex of a downlink
dedicated physical data channel (DPDCH) and a downlink dedicated physical control
channel (DPCCH). The transport channel data is mapped to the DPDCH, while the

DPCCH carries signaling information from a physical layer.




over a 10 nsec frame, which is divided into 15 slots. Each slot is further
partitioned into nmultiple fields for different types of data. [1034] As
shown i nw&h@s4/02%9s5f or the downl i nk DPCH, each sl ot i nceauas2@anessid el ds
220a and 220b (Datal and Data2), a TPC field 222, a transport format
conbination indicator (TFCl) field 284, and a pilot field 226. Data fields
220a and 220b carry user- specific data. TPC field 222 carries a TPC
conmand. 136 i 2B shews the fomas for agespoen pilot whanoeb (CPKE WWW- nk  DPCH.
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bit sequence. is transmtted at a fixed power level. [1037] In

W CDMVA, et RPN sire descrihed iretietald imssogmment=3GIPR T8 221 g rwhicly tsngiibliclyar i abl e
spr eadi ng f.ﬁg or (OVSF) code. The OVSF code is used to "channelize" the
data car P& y the physical channel. The OVSF codes in WCDVA are akin to
the V\alcgmspdeﬂme.l&o% aB16cl SmgRBPof £Base)éltiofiqd 6x Pvhidshl mAebdsend 6 used for
the CPICH, and a non-zero OVSF code is assigned for the downlink DPCH The
downl i nk tierese stairens@PFIHH Braad #essdndlddd in detail in a docunent 3GPP TS

= base stEPhn TAPHe e TR St b e T R frooribil °9) “na
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(TX) data processor 310 receives, formats, and codes various types of
traf fic @uethegdedgfa, andsp -opdased @ngenreaor more coding schemes to provide data

symbols. A modulator (MOD) 312 then processes the data symbols and pilot symbols

to provide a sequence of complex-valued chips. For W-CDMA, the processing by
modulator 312 includes (1) channelizing (or “spreading’) each data symbol for each
physical channel with an OVSF code for that channel, (2) channelizing each pilot
symbol with the pilot OVSF code, (3) combining the channelized data and pilot symbols
for all physical channels, and (4) spectrally spreading (or “scrambling™) the combined
symbols with a scrambling sequence assigned to the base station to obtain the sequence
of complex-valued chips. These chips are then provided to a transmitter unit (TMTR)
314 and conditioned (e.g., converted to one or more analog signals, amplified, filtered,
and frequency upconverted) to generate a downlink signal. The downlink signal is then
routed through a duplexer 316 and transmitted from an antenna 318 and over a wireless
comrunication link to the terminals.

[1040] At terminal 120, the downlink signal(s) from one or multiple base stations
are received by an antenna 350, routed through a duplexer 352, and provided to a
receiver unit (RCVR) 354. Receiver unit 354 conditions (e.g., filters, amplifies, and
frequency downconverts) the received signal and further digitizes the conditioned signal
to provide a stream of data samples. A demodulator (DEMOD) 356, which may be

implemented with a rake receiver, then processes the data samples to provide



overhead data, and so on) based on one or nore coding schenes to provide
data synbols. A nodulator (MOD) 312 then processes the data synbols and

pi | ot sywdabmr/71605 provi de a sequence of conpl ex-val uedpehiugSoosbesad¥ COVA,

t he processing by nodulator 312 includes (1) channelizing (or "spreading")
each data synbol for each physical cbBannel wth an OVSF code for that
channel, (2) channelizing each pilot synbol with the pilot OVSF code, (3)
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condi tions Q"Tﬁ’ﬂg lters, anplifies, and frequency downconverts) the
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stream of1g4a] @ SPREPhRBesstplRAHUMEHNR' trdnsialdsldn BaP beVherfofmE@ Siiarly f0! ement ed

wth a rake receiver, then processes the data sanples to provide WO

2004/ 077 88% dpgTibed ebgmmmmwngnkr ddwvdavadinksandpheplink procesyingBRA W+ he

N th a oSO SRRRG SRR arcanentt SURE 5 A% e 20R0% Bor ko b S351% ASE )
channel i Whm&egumﬁﬁyambgd sanples with OVSF codes to segregate t he
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110411 Th roce55| ng for an uplink tran mSSI on nmpy pcrned simlarly
to that [HESEr | bgﬂ;ago@@“tso@ hlogk aemm 2’%6 n&' RE e

processi g nh@iet of demodulator 356 in FIG. 3. Rake receiver 356a includes a sample
buffer 408, a searcher 410, N finger processors 4124 through 412n (where N>1), and a
symbol combiner 430.

[1044]  Receiver unit 354 processes the received signal from antenna 350 and
provides a stream of data samples, which is stored in buffer 408. Buffer 408 thereafter
provides the data samples to the appropriate processing units (e.g., searcher 410 and/or
finger processors 412) at the appropriate time. Searcher 410 searches for strong signal
instances (i.e., multipaths) in the received signal and provides the strength and timing of
each found multipath that meets a set of criteria. The search processing is known in the
art and not described herein.

[1045]  Each finger processor 412 may be assigned to process a different multipath
of interest (e.g., a multipath of sufficient strength). Within each finger processor 412, a
resampler/rotator 420 performs resampling and phase rotation on the data samples to
provide derotated samples at the proper chip rate and with the proper timing and phase.
A descrambler 422 then multiplies the derotated samples with the descrambling

sequence for the base station being recovered and provides descrambled samples.



CDMA i s described in docunents 3GPP TS 25.211, 25.212, 25.213, and 25. 214,
all of which are publicly available. [1042] Controllers 320 and 360 direct

vari ous wpendliraes at base station 110x and term nal jvely.
Menory units 322 and 362 store data and codes for COH%%@HS%@EBE%%J and 360,

respectively. [10431 FIG 4 shows a QRjjock di agram of a rake receiver 356a,
which is one enbodi nent of denodul ator 356 in FIG 3. Rake recei ver 356a

i ncl udespgg@anp Bl ¥R e habhdil 412a
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and/or finger processors 412) at the appropriate tine. Searcher 410

sear chesanf integst maltipls bf thallengtinof thegdlet OV.SE codeulA ipflat filsgr 426 thdrefitasei ved
signal apd provides th trength and tim ng,of ach_found nultipath that
meets a @%ié?’slf"_eépﬁf"é%ﬂ@.o SRPTS %?E‘FPtﬁFtHB%tg%f%éhq éplgﬁrm inthe art and not
descr i begoliy ei o bt toEael dul R0 HowRIAR THOH, 4B EhREIAF SN ERI O
process a different nmultipath of interest (e.g., a nmultipath of sufficient

st r engt hhultigliehihe desghmbled gamiples adtasho OVER code W], e SorthealowndinR BFCH 20
performnms resanpling and phase rotation on the data sanples to provide
der ot at exhdsfanthbre sccatmuldtes fheoparitanhamples evemitie iength tdfcthisr@QUSF dodeitag and

h . A di bl 422 1 | tipli th t d | ith th
foacr anbPHGE FEEUNTE AL PaPoin o Aptpte BPOTAAT 25 Theth GEGVBR EASTRIAI DU dos
descr anbhedeiEal €s sYiRbARGAE0HEOHDLATHMS?00 0085 Uta shil Aiihardiy 1 ecover

the pilot on the CPI ilot channelizer 424b first multiplies the
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pi | ot OVSEAGRdTheAoPbldhuct of 8 rechRRA dARNsyilolLARI theliflot eamhatarimy bet synbol s
to provide pilot estimates for the CPICH [1047] To recover the data on the

downl i nkexpreseed as: dat a channel i zer 424a first nmultiplies the descranbled
sanples with the OVSF code Wiw for the downli nk DPCH

Y'(n) = D} (n)- B () + DY) Bj () , Bq(D)

where D/ (n)+ jDé (n) is a complex-valued received data symbol from data
channelizer 424a of finger processor ¢ for symbol period 7;
Pl (m)+ jPQ" (1) is a complex-valued pilot estimate from pilot filter 426 of finger
processor i for symbol period n; and
Y(n) is a real-valued data symbol estimate from finger processor i for symbol

period n.

The cross product of the received data symbols and the pilot estimates may be expressed

as:
Y'(n)=D;(n) Bj ()~ Dy(m)- B'(n) . Eq (2)

[1049] Symbol combiner 430 receives and combines the data symbol estimates from
all finger processors assigned to process each base station and provides final data
symbol estimates (i.e., recovered symbols) for that base station. If multiple base

stations are being processed (e.g., in soft handover), then symbol combiner 430 provides



and further accunul ates the resultant sanples over the length of this OVSF
code to provide received data synbols. A data denodul ator 428 then

coher ent lywodgiiRdseat es the received data synbols with pheaskdeaiosssd i nat es
to provide data synbol estimates. The pilot estimates are used as phase
reference for the coherent denodul ati ohl [1048] The coherent denodul ation
may be performed wth a dot product or a cross product. The dot product of
t he recei vesiredet af syouveted symabold dorpedchtbass tstatimhe s Cohyrehie demaguigtémednds
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[1052]) For each base station, inner loop 510 attempts to maintain the received SIR .

for the uplink transmission, as measured at that base station, as close as possible to a
target SIR. Inner loop 510 performs power adjustment by: (1) estimating ;che' received
SIR for the uplink transmission (in a demodulator 334 at base station 110x, see FIG. 3),
(2) comparing the received SIR against the target SIR (in a TPC generator 324 at base
station 110x), (3) generating TPC commands based on the results of the comparison
(also in TPC generator 324), and (4) sending the TPC commands to the terminal via the
downlink (cloud 540). Each TPC command is either an UP command to direct an
increage in transmit power or a DOWN command to direct a decrease in transmit power.
One TPC command is sent in each slot in W-CDMA.

[1053]  The terminal processes the downlink transmissions received from the base
stations in its active set. For each slot, the terminal processes the DPCCH for each base
station to obtain a received TPC symbol, which is an estimate of the TPC command sent
by that base station. Each received TPC symbol is a “soft-decision” symbol (i.e., a
multi-bit value) that comprises (1} a hard-decision value (“0” or “1”) for the TPC
command sent by the base station plus (2) channel noise and other distortions. For each
slot, the terminal combines the received TPC symbols for all base stations in the active
set to obtain a single TPC decision for that slot (in a TPC processor 364 at terminat

120). The terminal then adjusts its uplink transmit power accordingly based on the TPC



I nner | oop 510 and an outer |oop 520. For a term nal in soft handover and
comuni cating with nultiple base stations (i.e., node Bs, in WCDVA

t er m nol ogy&,, one inner |loop 510 is maintained by each base station for the
terminal . AYOWE'SESter | oop 520 is maintained for the PEAMSABIH/NISIA
network entity, e.g., RNC 130. FIG 5 also shows various processing units
in base station | | Ox and terminal 120 ¥hat make up the inner and outer

| oops. (Not all processing units are shown in FIG 5 for sinplicity.)
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vari es accordingly based on the status of the selected data blocks. Typically, if a data block is
decoded correctly, then the received SIR at the base stations is likely to be higher than

necessary, and the target SIR is reduced slightly. Conversely, if a data block is decoded
in error, then the received SIR at the base stations is likely to be lower than necessary,
and the target SIR is increased. The target SIR may be maintained fixed if RNC 130
detects that no data blocks were transmitted.

[1056] The performance of the uplink power control is dependent on the terminal’s
ability to accurately detect the TPC commands sent by the base stations.
Conventionally, the terminal determines whether or not each base station is reliably
received based on the received pilot strength measured at the terminal for that base
station. If a base station is deemed to be reliable, then the received TPC commands for
the base station are used by the inner loop for power control. This method of
determining the reliability of received TPC commands based on received pilot strength
may be inaccurate for the reasons given above,

[1057]  The reliability of the received TPC commands is determined by the received
SIR for the TPC commands (i.e., the TPC SIR), The TPC SIR for W-CDMA may be

expressed as:



over time and especially for a nobile termnal, the received SIR at each
base station continually fluctuates. For each base station, inner |oop 510
attenpts tworessnisados the received SIR at or near the ta i he
presence of changes in the uplink. [1055) Quter |oop 5205@3}“&%@@*@& adj ust s
the target SIR such that the target BLER is achieved for the uplink

transm ssion. A single outer |oop 520 nay be maintained for the term nal by
RNC 130. The uplink transm ssionTbromthe termnal is received and decoded

by each base stgﬁ%ﬁmﬁ?'@&w@'ﬁW&mned data bl ocks, Ea® t he status
of each decoded data block is det€rmened (by an RX data processor 336 in

base station | | Ox). For each decoded data bl ock, a determnation is nade
whet her th t 3 adec P RY g) -9_' -ar (erased) or
not transm?'rthtg%dé\efi?k’gﬁ%Il{he(elg?@()n.gps%'(r%g&qr'lstt%;l?ﬁ?g&otlf3 tgac%& eco%gf&ﬂ%lgr%%&bl ock (good,
erased, or DTX) .sant % ;aﬁ OHS@ &%ﬂ%g rtain ones of
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status of the sgrechedydadiag etk thd OV IPEdde (.6.f the G*@$lac$ﬁél61:fgthfforde(30ded

correctly, then the received SIR at the base stations is |ikely to be higher
than necessary, andtheldownling®PLRuds reduced slightly. Conversely, if a
data bl ock is decode in erraqr hen the received SIR at the base stations
islikely to be?‘fm@&hﬁfﬂ gﬁé@@é‘?%‘“"‘é “the target SIRis increased. The
target SIR may be maintained fixed if RNC 130 detects that no data bl ocks
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the downlink DPCH, such as the number of bits transmitted for each TPC cormand

{Ngp) and the spreading factor for the downlink DPCH. These configurable

parameters are used to obtain the proper scaling in the computation of the TPC SIR.

The terms SF and N, may be accounted for by a scaling factor in equation (3).

[1059] In one specific receiver implementation, the following quantities are

computed by the terminal:
A=k -CPICH E /I -N,/1I, ,and ' Eq (4)
B=k, -JCPICH E /I -Np-SF.JTPC E, /I, , Eq (5)

where CPICH E,/I, is the received pilot strength for the CPICH;
Ais aweighted N, /I, estimate computed for each finger processor;

B is the value of the received TPC command from the symbol combiner; and

¥k, and k, are two fixed-value constants determined by the receiver design.

The TPC SIR may be computed using the quantities A and B, as follows:



TPC SIR= 1 NTpc SF TPCE, 110 Eq (3) 2 N, /I, where N, / |, is the

total - noi se-and-interference-to-total-incomng-signal ratio; TPCE, / I, is
the receppshodh@pe strength for the TPC commands; SF iBCT/US20845108%di ng
factor for the OVSF code (i.e., the OVSF code length) for the downlink
DPCH, and N,,c is the nunber of TPC bi¥%s in a slot. The termE. denotes the
energy-per-chip for a data or pilot synbol. The term N, denotes the total

noi se and i nt errijglrg:&c_e péyweB® (i.e., without the desired si gﬁal . The term
|, denotes the t TwromSjggi’gnal power at the input of ‘éé I ver unit
354. 11 is typically a 9 xed value that is determn ned by the design of the
receiver unit. Sincel, is a fixed value, N, / Il is sinply the squared
magni t udewRére NRI=SESANE | NinSdFuBGICE ﬂﬁ-ﬂﬁ‘%m Ghb mudltiplication 28 dbAbiah ®

magni t ude of t Re re%e?zved TPC com*ra?lds. 1@8} The gl ot format indi gat es

various canfi.Gur ail Be peABSHEdS HithsidpleaBl Dherafibhs bédafsd @M qhatltityPRedla such as
the nunber "of bits transmtted for each TPC command (Nnc) "and the spreading

factor fopowderrdewRhiveli OPEH,. -Shess Gantd Sl4r3RkRiveRAEAGRL €rs are used to
obtain the proper scaling inthe conputationof the SIR.  The terms SF

and Nrc nEpEe) acqhe s SR malbeacopgkdd s shathdh elqlatRAUE) e eacBreced@591 | n

one specific receiver inplenentation, the followng quantities are conputed

by the teFRtsammandepdmsedfopdsieranng the rebighilitgpfAbe regeived @BCCromEnAnd. NHFSF

TPCE, /1, , I - ' e, [ ecal ] ot..str for the
CPICH A Ehsgqlg@wespgﬁ?%g gﬁi% n/qéf: %%({SF %gaéozr'lé%igpﬁt%@ﬁ?lgﬁlﬁgﬁﬁ Q'lg‘hgg‘?e%gggcessor;
B i s the YBRC@HRdfirettivdd)| s ttwadedd TROoBMehahd ddefird Sy Mltublecaidhisee for and

lc, and 1c2 are two fixed-val ue constants determ ned by the receiver design.

The TPC SPeversoniel Lepnyarsely, tfidhe dPERIRGonr fie reredvedal BG gommagd 1§ 99 Gs: WO
2004/ 07768 RElwaEPPCOSRO fiteshbtt), fhed Hfre PLd3Teli STPC Romrrhd( ) deemed as

unreliable and discarded. The TPC SIR threshold is typically a static value that is
selected based on a tradeoff between probability of false alarm and probability of

missed detection, as described below.

[1061] It may not be convenient to compute the TPC SIR explicitly as shown in
equation (6). Some simplifications may be made. For example, the quantity B> may be
compared against a TPC target value, which is equal to the product N, -SF-A-k*
times the TPC SIR threshold. This implementation avoids the need for a divide

operation. Other simplifications may also be made, as described below.

[1062]  Equation (6) may be rewritten as:

B

I =k, /N -SF -~/TPC SIR
=k, -J/TPC SR , Eq (7)
=TPC,

where k, =1/ Jk, , k, =k, -Nyg -SF, and TPC, is a TPC threshold (which is

typically a static value). The quantity B/+/A may be computed for each received TPC
command and compared against the TPC threshold. Again, to avoid a divide operation,

the quantity B may be compared against a TPC target value, which may be defined as:

TPC,,.. =VA -TPC,, . Eq (8)



NT, SFA where k3 =0.5k, /I1f,22 . In equations (3) through (6), the
mul tiplication and division by Nvc SF can be perforned with sinple shift

oper ati onsy@emaysed hi s quantity has a power-of-two valpepfik06ie0sM C =
2z , where z is a positive integer). [1060] The TPC SIR may be conputed as

shown in equation (6) for each receiveds TPC command and used to determ ne
the reliability of the received TPC conmand. |If the TPC SIR for a given

recei ved Tife TPOTRE: {Audialivel akddadhi %lgh'tedeop dﬁéﬁ@@q‘ﬁc&m&ﬁ’&d%ﬁm

threshol d), then the recei ved TPC conmand 1s deerfed as reliable and used for

power contﬁ/@ .is Ghawesiglel yThe fwdilte JRAC iSlgropatiofidieror GOPIGHJEJRC- donmand i s
low (i.e., falls belowthe TPC SIR threshold), then the recelved ‘TBC

cormand i swHieR® theaeighted eNj /b lestirand, & Sodmdadqudiive @YC 1heRist bf @ Pd i S
typically a static value that is sel ected based on a tradeoff between

probabi | i ttargst vilat seoidk tremewd do prplicithy bohputefthe TPESHR. dEherdinhility abthe
descri bed bel.ow, 061] It may. nat be, conveni ent to, cqnpute the TPC SIR
ol 1 ci t1 yIoRaVaHBRE ChRmans HRY 5R elsminad R perTARRINg USHIF SHEDHIPHOEMAS e, For

exanpl e, t{g spafaliih M%d%gwg a93ajast a TPC target val ue, which
is equal to trﬂg prog)t?ct N, PC SF A %g g?lms the TPC SIR threshol d. This

i npl enment af1i063} avoﬁl deivié TREL cormand: fati a/ giten baqmartatmmls cofisilencd reliable if

lif | d d 062] . Equat 6
L SRS 8 i R SRS LY. hi0eEl SR g, (°)
TPC, J wher 1%11lﬁl4ihty]0f‘ eabﬁ receli@d TP@conNﬁéﬁ‘d is divida gy J&Qnﬁné@b%ec_f Bﬁ: t]Eé*l" BS hoI d

(which is typically a static value). The quantity B/ VA may be conputed for
each recei samFRCitseibamdaihd H{Htaﬁmahl@d F&galtmmalwa sphchandpeshadifferedai n, to

avoi d a di e at i,on, I’III may, b 0 ed ai nst a, TPC
target val ﬁ%@ v@ﬁ’IpS% W&%enﬁ‘é’fl e&’é’ 5@ %%éh el?aﬁ n%&ﬁ B V\% 2 004/0
7 76 95 PCTE?%HOW g?{lzt—‘l 15 RLg5h Vi evved as a
wei ghted o ynam¢e TP fﬁ{‘egﬁhlﬁgediva\hﬁéeﬁe LT t:égwﬁg%ltalaﬁ{l The weight ,r is
proporti Onﬁlﬂﬁll]o CP'Ilhg’fPEt?thréshoﬂ ll‘Pb%,may also be defined in some other manners. In a

first alternative embodiment, the TPC threshold is defined as:

TPC,, =K, -JTPC SIR , Eq (9)

where K, is a scaling factor that is not a function of N, -SF.
[1065] In a second alternative embodiment, the TPC threshold is defined as:

TPC, =K,-,/CPICH E,/I, -VTPC SIR , Eq (10)

where K, is a scaling factor.

[1066] In a third alternative embodiment, the TPC threshold is defined as:

TPC, =K, -CPICH E,/I,-TPC SR , Eq (11)

where K, is a scaling factor.

[1067] In a fourth alternative embodiment, the TPC threshold is defined as:

TPC, =K, -,/CPICH E,/I,-,/TPC E,/N, , Eq (12)

where K, is a scaling factor.

[1068] In a fifth alternative embodiment, the TPC threshold is defined as:



which is the weighted N, /1o estimte, as shown in equation (4). The use of
the TPC target value avoids the need to explicitly conpute the TPC SIR. .
The rel iwbiZoo4or7e9s the received TPC commands maybe detpefiidiggdofysqper f or m ng
si npl e conpari son between the received TPC commands and the TPC tar get

val ue. [1063] A received TPC conmmand fgor a gi ven base station is considered
reliable if the absol ute val ue of the received TPC command exceeds the TPC

target val ue. | i -y f h—tecetyed TPC comman i ndi vidual |y
det erm ned basegzeonk?h ﬂﬁ?ﬁm&ﬁ)yd the TPC t ﬂ%&ﬁ)val ue. For a
termnal in soft handover a different TPC target value may be derived for
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: TP
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f f 11 I

embodi meA00%4 he 1 selenh 365 0P8 ﬁgTsW R b5t %nf*ée; %fi’srie%gﬂf 3# lZEJI?T " Crec
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SIR, E t ti

embodi ng?ﬁ;%&)}og\’\ﬁg%e e'Fgl’eslﬁeoﬁd |hs l [ negﬁe%TPé%?%adggkgm %{i é&fngéfsfrf?h' ve

4T- PC Eerete B i ndode cal fo aintand ddpi [

al ternater IM: pnﬁ;pé%) ct)he Teﬁzf;e oc holg |el rﬂ%gfc?ned a:[ale\gﬁ%a(goﬂllngo;?%gg

PCT/ UB 20t PRENOLiE ther EBBSISSIPILN Eq (13) where

OTHER DP F' ERCETDE Bty be deté}gx#]rgati bited UiCh uddbonr it g pi | ot

or a conmpination of any |sasca|ngfactor [ 1069) In
gener al , piohebiliCof fales hbirm uaiythwepmbahlhm obmmsfedSi@chE:E / ANpigherETPC |, , N,

ﬁmy bgr O%ﬁolﬁt 1'6:81§1tsq1lf:1"ii1ovslfetryhkeﬁfloc?dq of Talse Blarm t rgr}ugﬂeﬁ'sﬂﬁa oocir r(]) ngigs% sm ssi on

detection. A false alarm occurs when an incorrectly received TPC command is deemed
to be reliable and used for power control. False alarm is less likely to occur if the TPC
threshold is high. A missed detection occurs when a correctly received TPC command
is deemed to be unreliable and discarded. Missed detection is more likely to dccur if the
TPC threshold is high. The TPC threshold may be selected to trade off between the
probability of false alarm and the probability of missed detection. If the TPC threshold
is based on TPC SIR, and since the computation of TPC SIR is dependent on the slot

format as shown in equation (7), the scaling factor X, in equation (7) may be a function
of slot format. However, it can be shown that a fixed value for the scaling factor X,

(i.e., not a function of slot format, as shown in equation (9)) can provide good
performance and simple implementation.

[1071] In equation (8), the TPC target value is computed based on a weight
1/C?PICH E_ /I, +\IN,/1, , which is proportional to JA . The specific weight to use for

the TPC target value may be dependent on the manner in which the received TPC

commands are obtained. For example, the weight JCPICH E /1, -JTV, /1, is used in

equation (8) because the received TPC commands are obtained based on coherent
demodulation of the received data symbols with the pilot estimates. The weight allows
the received TPC commands to be compared directly against the TPC target value, and

avoids the need for a division by VA as described above, For other receiver



a comon pilot (e.g., the CPICH), the received TPC commands, the data
synbols received on a physical or code channel used for the TPC commands, a
dedi cat edv@iboato7766®. 9., in the DPCCH, as show in FIG 2B T/US2Z00S/0885440t her
transm ssion. [1070) The TPC threshold may be determ ned based on a tradeoff
between the probability of false alarifand the probability of m ssed
detection. A higher TPC threshold results in |ower |ikelihood of false

al ar m and implpirentativks theweighmaybs s fichctide bLsdmeotheqiantities, at anyeoacby s when

an i ncorrect, cei,ved TPC co. ngd .i s dee e reliable and used for
power contOPB%té/d ﬁlggfg‘eél JPECIiig Jeeight ko use dor %Cﬁgel target galyemay 3ot of d i s

high. A MaEpeeSlPhiblimes fhivRichaRod (9P Giidahy aleAfisifbd! Hor &R EEHEGT

deened to be unreliable and di scarded. ssed detection IS nore
decur if tifthe TPEConmaslsareltransnhitefat aknewipoOweh offsd (ﬁl‘oah ﬂuﬁRi@Hs dieactheed t o

trade off r obabi se alarma ro

m ssed det gél qﬁuetﬁlgyr &Ctoﬁwpélgeﬂ%%fegloél g Eg lgﬁ agls% %ﬁot1 fﬁ\%’e t he
conput at i GUPIQH TRie s%%ﬁﬁb&véi@ﬁ&@‘ﬁ@élfor@l& TPE t&rzet vahledmaRlalsd beshRp¥lehilofquat i on
(7), the scali n(tgorfactor . I'n equation (7) may be a function ~of slot

format Bt can be shown that a fixed value for the scaling factor

p'row de gc[o(gﬁ‘j perw(r:r%‘%c of Sl%l?%l%{jﬁ% P%%.?en{%ggl onénPf?%pﬁagesgg%%g on (8),

the TPC t arigei tevidinat 126. TPWb&ﬁsdi&S&@n@lﬁﬁe@ aVEP( bdrget GBhfplitakion uhit 610N, /11
which is proportional _to -1A--. The speC|f|c wei ght to use for the TPC

t ar get vaI'Ii? getige ugit e Fndia BRC commbmgid% i n which the received TPC

conmands i:ght

used in qua |oﬁw?§‘$n E&g’ﬂgaé he rgfcdéﬁ\l}gﬁhggc?sﬁhi%n stéﬁ lec ngﬂafdre%i based
on coher enssigbdnfirper ptocessonf art peovideded wednipatation umitcd 12, wihidh dobgufes Ithﬁ

esti mates. The vvelﬂht allows the received TPC commnds t o _be_conpa

directly delChseE {he MrPE o gpoh ﬁ%eﬁ@mcﬁ?ﬁﬂr akhsi geantie (RREH thr/ 12, (fPK/l si on
by ,I A as descri bed above. For, of r receiver 2004/ 077695
PCT/ US200 BYRFCSSPY 1 WY oAbl f’ MROWAE %‘V\i‘n}fhenﬁ tb%“’é“ﬁ“r‘fn&hl% Hf sone

ot her qua en lto The eci.fic ight to
use fo(r:I t@w ?ﬁg)e a(f'ﬁ %g@) al s argl ‘ﬁg}£ {n&x ?%é’% yi(\rﬁevﬁi ch
various types of data ar tra tted. For PC cqmmands are
t ransmi tt)éngPtl%g kn&wn L2t réht hﬁ’(@df (f‘}feﬁ {}h'eg’ where
Pi(n)=F/(n)+ jB; (n) , (2) computing the pilot difference power as || AP*(n)||*, and

(3) filtering the pilot difference power to obtain N,/I,. Unit 612 then multiplies
(CPICH E,/I)), for each finger processor with N,/J, to obtain
(CPICH E,/I,-N,/1)), for that finger processor.

[1074]  Unit 612 may further filter the (CPICH E,/I,-N,/1,), values for each
finger processor. If a finger processor has just been assigned, then its filtered values
may take some time to settle. In the interim period, a small value may be used instead
of the filtered values. This small value ensures that the output from a newly assigned
finger processor is not combined right away with the outputs from other finger
processors. This is the desired result if the new finger processor is assigned to a weak
multipath, and marginally affects performance if the new finger processor is assigned to
a strong multipath.

[1075] A summing unit 614 then receives and sums the filtered or umfiliered
(CPICH E,/I,-N,/1,), values for all finger processors assigned to each base station to



TPC target value may be conputed based on the received signal strength for
the CPICH The specific weight to use for the TPC target value may al so be
dependentweorroodheis factors. [1072] FIG 6A shows a bl ogerdisdgismigzgh an
enbodi ment of TPC processor 364 wthin term nal 120. T%g processor 364
includes a TPC target conputation unity$10, a TPC detection unit 640, and a
TPC conbi ner 650. [1073] Wthin conputation unit 610, the pilot estinates

comput at | SR (CRISH felte ¥ dut BEE Fort R BRR o i Sttty bhe,

finger prQgsesefas;The quantity (CPICHE / 1.), for finger processor i may
be obtai ned as the power of the pilot estimates, whichis (CPICHE. [/ Is),
=P,'(n)2 + 1'(n)2. The quantity N, Ilo nay be obtained by (1) conmputing a
pi | ot differendCPICHAR /I{ W, /4, X< D) (CPICH LNVE LN,/ Iyhere P(By (P, (n) +
JPQ (n) , (2) conputing the pilotisgli fference power as Il AP( n) 2, and (3)
filtering the pilot difference power to obtain N, / 1o . Unit 612 then
multiplies (CPICHE /I1), for.  each finger processor with N1110 to obtain
(CPI CH E. Where S, dgnotesthy setpbpll finger rrogegiors psiened toprocess yrsy staliantk. 612 nay
further filter the (CPICHE, /I, N, /lo val ues for each _finger

processor 11476] 5 ff?*ré@r 636 dhems Sltersiihe (CRICHLEL, s¥s/ilghedalugh &y ¢a¢k besd t er ed

val ues nmay .take sone, ti to settle, In the ipnterjimperjiod, a snpll| value
may be us&WHPHL ehigin fiferdyees o8 sk by SABOR. TR Cfeahpy %ﬁa@e@ﬁgﬁm& t hat

t he out put i ol S§5oe i C i i ght
away Wt hrntn @%%Bﬁt%g (?‘Pg);ﬁg[%gg l?ﬁi#gkgﬁp%greg%essoé S(IIR ’]’%Eser’i s the ((S}gér\: red
result if filke stewhfre.nge punitesidr thies dalesgiezl square wemk ofiuthei ddteed and
marginally affects performance if the new finger processor s igned to a
strong nul(CGPEFRE, /[10YSY,)A yuliies by obhin the1quankibh (d@@ﬂe&falgdawuhégxhe
filtered or unfiltered (CPICHE / lo N [/ 1.), values for all finger

pr ocessor siadsisgfied . tousia6ho tirsansitiphidsahe dOpBARMIG IBAFHHS TPCThiSRAAL/ 005544
18 obtain a (CPICH Ee/4 N,/le),t value for that base station. This sunmm ng
may be exfREssedd afi¢ of fabtidaliny faefdrd (e kK (4dd KL )Eebbtabh driedjrmore FPCL4)

target values for the base station. In one embodiment, a single TPC target value is used
for the detection of both UP and DOWN commands. This single TPC target value may

be computed as:

TPC =K

target,k wp/dn

-TPC,, -(/CPICH E,/I,-N,/1,), ,  Eq(5)

-

\
where TPC,,,,, is the TPC target value for base station £;
TPC,, . is the TPC threshold for base station k; and

K., is a scaling factor used to compute the TPC target value.

[1077]  In another embodiment, separate TPC target values are used for the detection
of UP and DOWN commands. These TPC target values may be computed as:

TPC K, -TPC,, -(/CPICH E_/I,-\JN,/I,}, , and Eq(16)

target,up,k = up

TPC uger e = Kan “TPCyp -(/CPICH E, /I, NI,

where TPC,, is the TPC threshold for base station ;

TPC  is the UP TPC target value for base station k;

larget,up

TPC pget,ane 1S the DOWN TPC target value for base station k;



i eS, wher
base st at

k val ueswigfogaeksbase

station.
an i nfini
A unit 61

e S. denotes the set of all finger processors assigned to process

ion k. [1076] A filter 616 then filters the (CPICHE. /4 N,
station to obtain filtered val ygsyfi®ooddesdssbase

I,)

Filter 616 may inplenent a finite inpulse response (FIR) filter,

te inpul se response (IIR) filgeer, or sone other filter structure.

8 then takes the square root of the filtered (CPICH E 11.

1), values o ahi Rlind BEIAUER! ol bmbORUEHUPCTFC targdbyaluc! @ k. which i s

Ak . A un

it 620%hen multiplies the o

: tput of unit 18 with a TPC threshol d,
TPC k, k, and one o, dRfifs Beflub haohplf heDOWNTIT #Rgkt to obtain one

or nore TPC tar"’get val ués for the base station. I'n oné enbodi nent, a single

TPC targe
This sing
(CPI CH Ee
for base

Kep, d" i s[1478Lal iFlG. bAciler showscn embalipenteoft dymboPCmbinge #3§.alAusnmifibg7 7]
nh.odi t.. te TRPC t | i f t he detecti

TR CRETEn e plsle Srisbyl pHiteEs T i CORP.PRISHES TRC m
Essié(nggﬁbgga& b4l &ehtida tof 8%&? e!firlal Hats oE@stihBtes fdPEHaehaRt  d”, K

) ) A , Where TPC k,k is the TPC threshold
for base statien.cobhis symm@ may beexmressed 28 the UP TPC target val ue for base

anot her e
of UP and
set.ep, k

Kd" TPC,

station k
WO 2004/ 0

DOMN TPC target val (f The UP and DOWN TPC target values are used to detect

for UP an
FIG 6A a

T ol DL TRE g Wiyt 2 dowpiafo e ot ROJVE

chthPaMs, %(ésﬁa_lggléelz, %ﬂtﬁ}@eba&@&é&ﬂpc, ,,,t.k is the TPC target val ue

station is"the TPC threshold for base station k:

Ee /1la N, /1

nds.
TPCT, k

In
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77695 PCI/ /005544 19 K,p is a scaling facto d to conpute
the UP TPC tar éﬂ)vﬁg%am Kdf is a scaling factor used F‘Bﬁﬁnpute t he

d DOMN commands, respectively, sent by the base stations. [1070]

WhereSRED R dLAE b0 estit{Eiftor BATRARH K4BPsyribol PEFdAL.

[1079] A summing unit 634 then accumulates the final data symbol estimates
obtained for each base station during the TPC field in each slot (see FIG. 2A) to provide
a received TPC command for that base station for that slot. This accumulation may be

expressed as:

TPC,., = 2. .Y (n) , Eq (18)

HEN”C

where TPC,,, is the received TPC command for base station £.

[1080] Summing units 632 and 634 may also be swapped in FIG. 6A. In this case,
the received TPC command for base station & may be obtained by (1) accumulating the
data symbo] estimates for each finger processor over the TPC field fo obtain a received
TPC command for that finger processor and (2) accumulating the rece_ived TPC
commands for all finger processors assigned to each base station to obtain the received
TPC command for that base station.

[1081]  TPC detection unit 640 then compares the received TPC commands for each
base station against the TPC target value(s) for that base station. Unit 640 provides the
detected TPC commands for each base station based on the result of the comparison.
[1082) FIG. 6B shows the use of separate UP and DOWN TPC target values to

detect the received TPC commands. The horizontal axis represents the possible values

for the received TPC commands. The UP TPC target value, TPC,, ., and the



unit 632 receives and suns the data synbol estimates' fromall finger
processors assigned to each base station to obtain the final data synbol
esti nat ewofon4/4hiets base station. This sunming may be §¢i@ssiRthiass
Pk(n)=,PI(n) , E9(17) ies, where Y. (n) is the final data sy o?saestimate
for base station k for symbol periodgp [1079] A sunmng unit 634 then
accunul ates the final data synbol estinmates obtained for each base station

during t DOWROTPCClutlock vaRREMTRECL  SChreMiked/n e REAYAAR afls” CERHYCd TPC

command for that base stati “tHat sl ot . | s accumul ati on may be

expr essegbedived TROVbdmmatd ik ﬁﬂEp@ 68) the HoBbRaMAGE © THE(detéetdaSvdie srecei ved
TPC command for base station k. [1080] Summ ng units 632 and 634 nay al so be

swapped pavhpe@ived AIPC pomimand isalependenhen whereithexecaiPal TBEmemindndrfallise st ati on
k may be in 1 nul gt.i ng. t.he ata s ol Lmat es f.or each
fi nggr p?egeg}é’sstgﬁg%s‘gp(ﬁgg?%gﬂsﬂg]ﬁv%d%’t‘aﬂ ! u?%‘%f \t}begﬁ’ é}lsﬁmémnd f or

that fingen thy &eesion forrdash fedpive€ TRTWodinhdhd hilfbd &GRéss@TlasTPC  commands for
all finger processors assigned to each base station to obtain the received

TPC command for that base station. [1081] TPC detection unit 640 then

conpares the recei ved DOWNaommasl, f off TREGH > BREG 51, at,i on agai nst the TPC
target value(s) for tlhat base station, Unit 640 provides the detected TPC
conmmrands for Shaer o 756U

tmmeandpasedfodPPag F EBG ke pf -t he E8&HAri son.

[ 1082] 111G 6F shows| t he yse of sepapate UP and DOMN TPC target values to
detect the received e&ffHﬁ:ﬁ’HH@?’“ﬁh@ Sontal axis represents the
possi bl e values for the received TPC conmands. The UP TPC target val ue,

TPC, , , ., , wher, RPC, anid thiddetddad?0R LR fdrGhsd SRV, 005544 20 DOMN TPC
target value, TPC.,tdn, k, are nmarked on the horizontal axis. Each received

TPC conmmAsdhown rinEqasicn(19),i the réeivedoIR@Icommiand id Rensi@éred watbhvbleumddf or  each
recei ved TPC command is dependent on where the recejved TPC command falls in
rel at i onrejgstadndf hdallarigethey zange sbetween nVRE Lad, pobid | THCiug. msed-ef.0if t he TPC
conmands, > TPC

'TPCtnrget.dn,k 2 TPCrx,k = target,up k )

[1083]  If a single TPC target value is used, then the UP and DOWN TPC target

values may be set as: TPC,,,, ., = ~TPC\p, and TPC, ., 4, =TPC,.., . Asingle

TPC target value may be used if no bias is desired in the detection of UP and DOWN
commands, so that UP and DOWN commands are equally likely to be rejected. This
may be the case, for example, if the terminal is not in soft handover. Two TPC target
values may be used, for example, if a bias is desired in the detection of UP and DOWN
commands. This may be the case, for example, if the terminal is in soft handover and
the DOWN commands have a larger influence in the OR-of-the-DOWN rule. The UP
TPC target value may be set to a small negative value or possibly even zero, so that UP
commands are less likely to be rejected.

[1084]  Referring back to FIG. 6A, TPC combiner 650 receives and combines the
detected TPC commands for all base stations to provide TPC decisions. TPC combiner
650 implements the OR-of-the-DOWN rule to provide a TPC decision for each slot.
TPC combiner 650 discards detected TPC commands for received TPC commands
deemed as unreliable. For each slot, TPC combiner 650 provides (1) a DOWN TPC
decision if any one of the detected TPC commands is a DOWN command, (2) a rejected
TPC decision if all detected TPC commands are rejected commands, or (3) an UP TPC
decision otherwise. For each slot, the terminal increases its transmit power for an UP

TPC decision, decreases its transmit power for a DOWN TPC decision, and maintains



then the detection for each received TPC conmand nmay be expressed as: DOMN
command, if TPC, x,k > TPC', get, dn, k TPCdet,k = UP command, if TPCmk

<TPCt 01$%&to 1ap4/tr7695sEq (19) rej ected conmand, ot her wi se BCTAbS2064/00P3det k i s

t he detected TPC command for base station k. As shown in equation (19), the
received TPC command is consi dered unrdliable and rejected if it falls in
the range between TPCte, ,p,k and TPCt et,dn,k (i.e., if TPCrocget,dn k
? TPC, x, kitsstranbmdh power Oépr\klsy [Fhe)g'sp defectios ambd:tnnﬂiﬁ(ﬂgtma:gdﬁo baperforiedused,

t hen the UP andth rg tanget values may be set as: TPCpt,.p,k = -TPC , k
and TPC kx&som?q( < Vit , k . Asingle TPC target value may be used if no
bias is dgggsed rﬁnrtﬁaseenﬁﬁdﬁﬁém@no\eﬁ:ﬂﬂ@m R 1 T, BTaRALS6165@a¥ BgdrateP and
DOMWN commands are_equally likely to be re ected. This ¥ be the case, for
exanpl e, Vhenener plotnestimatessarhavailsble drom Rbm fisger provessorrPClheridél targedl ues may

be used, @%e(@xﬂng%c@ at\s%] st ﬁﬁy Igléﬁtlég ?oﬂ é&cl% Q@h %i%l?ﬁ%ﬂng rbomd ﬂ%ld DO

commnds. e case, e Al T Bof t
handover tind irdterealDONYoC @ormpOs thaV’EPe MQ@ervamtd) Uesitg the thwst recent
OR- of -t he- T TPC target value nmay be set to a small negative

val ue or BIGH \E éven/Hgilp), salut foaadibase statiom thneadel fremdilter 66y t o be
rejected. [1084] Referring back to FIG 6A, TPC conbi ner 650 receives and
conbi nes [1686] deﬁecbhﬁtﬁ%emd‘er a(specéaﬁd: irbplementation ofi shet deteationiand TPC

deci si ons. TRC cordi ner rul e rovide a
TPC deci sTBRPIFEE AdeFregdy fﬁ(@ iﬁfweﬂﬁ%céggg% &"I’Iaggpcomrands
for I’ecelMﬁgfgﬂﬁsq&%ﬁw&&noﬁ%ﬁmnasﬁoﬂra@@ﬂpﬁghe For each slot, TPC conbi ner
650 provides (1) a TPC decision if afny one of the detect ed TPC
commands is a DOMWN command, (2) a rejected TPC decision if all detected TPC
commands are rejected c'orrmands Jﬁablaﬁa UP TPC decision otherw se. For
each slot, _the term nal increases its transm t power for an UP TPC
deci sion} deoygapqe its|trangmt power for am%{{gip deci si on, and
421

mai nt al nk \VAC 2(\f\4/€7?69 J:)f‘ﬂ' j 'IQ’)I\f\/LLf\r\EJ:/I

Aot o~y
o L Moo UT ArrorTirtT U UVVL,l

ot her wi spNumifingePC det cEABSn @naumbmmfmsmgmﬂaﬁmwwcwwerfor med  in |some

other ma "NimBs ABS | the number of base stations being processed
i -} anindex used to cycle through all finger processors
k - | an index used to cycle through all base stations
Ntlo FP |the N,/I, measurement for each finger processor
BS_Ntlo BS |the N,/I, measurement for each base station

filtered_BS_Ntlo BS | thefiltered N, /I, measurement for each base station

sqrt_BS_Ntlo BS |the m value for each base station

Kup BS | scaling factor used to compute the UP TPC target value .

Kdn BS scaling factor used to compute the DOWN TPC target
value

up TPC_target BS | the TPC target value used to detect for UP commands

dn_TPC_target BS | the TPC target value used to detect for DOWN commands

BS rxdTPC BS | the received TPC command for each base station

TPC_decision ABS | TPC decision for all base stations

BS - variable is maintained for each base station;
FP - variable is maintained for each finger processor;

ABS - variable is maintained for all base stations.



[ 1085] For the enbodi nent shown in FIG 6A, units 612, 614, and 616 may
operate whenever pilot estimates are available fromthe finger processors.
The TPC iy 88i07795% ue(s) for each base station may be GRIFPEK86k/dosdsscaCh
slot, each frane, or sone other tine interval. To conmpute the TPC target
val ue(s), only the nost recent (CPIC42E, / Il IN [/ lo) k value for each
base station is needed fromfilter 616. [1086] For clarity, pseudo-code for

a speci fimwmmmainum (Bmmi)'s:nd)ng of received TPC

commands i deggr i bad @@Wm‘;@blgg kists the variables wused for this
i npl errentzaotl on and their ]%p ‘legdescrl t| on. Table 1 Variable Description

NunFi nger“"ABS t h&5BE?S I]gdﬁ‘ec'.iI [idér processors NunBS ABS the nunber
of base sitti ons being processed i - an index used to cycle through all
finger processors k - an index used to cycle through all base stations
Ntlo FP the N, | o neasurenent for each finger processor BS_Ntlo BS the N,

/ to neas’(:BSﬁié‘ﬁiﬁ[l}EiﬁV@ﬁ%ﬂileb@i% of the hase station beingprogsssMi by BS the filtered N,
/10 neasuy ch base station sgrtBS Ntlo BS the N, /10 value for
each basg %%&5%&%03?88 scaling factor used to conpute the UP TPC target
value. Kdn BS scaling factor used to conpute the DOMN TPC target val ue

up_TPC t afsgebx Eu%/&@%oIP&c&;afawet s%!é\!i‘éﬁ mdll%lgeiz%tﬂi@r %1&%”&%’)“
dn_TPC targe ds BS

rxdTPC BS% he TEr"écé]i‘\Pedkﬁ*ff"’t“}‘s"t";‘0ﬁ"ffﬁhd‘ for each base station TPC deci si on ABS
TPC deci s2on f or satﬁrabasessnaltdmhsto BSls-1yari able i s nmintai ned for each

base statjpn; FPgieparpakle mag ntal ned.f h finger processor; ABS -
variabl e 1s maintaj ned % OI]T% base stat‘lggn@'rlo 2004/ 077695

PCT/ US200%) 00554311%9zesbﬁﬁ-ﬁﬂqiéﬂové"r°w@ nGéfs *f 6FR-@AdR base station (Bl ock
614) 50 }

// The IR filter has 1 pole, which is defined by IIR_gain.

Compute TPC target values for each base station (Blocks 618 and 620)
10 For (k=0, k<NumBS, k++) {

20 Saturate (filtered BS_NtIo{k] to 2715-1);

30 sgrt_BS_NtIolk] = GetSqgrt (Filtered_BS _NtIol[k]l);
40 up_TPC_target{k] = Kuplk] * sgrt_BS_NtIol[k];

50 dn_TpC_target(k] = Kdnl[k] * sqrt_BS_NtIol(k];

60 }

// Saturate (x to y) is a function that limits or clips x to a maximum value of y.

// GetSqrt (x) is a function that provides the square root of x.

// The UP and DOWN TPC target values may be stored in a table that can be indexed by
/! slot format. For a simple implementation, constant values may be used for these TPC

// target values (i.e., not a function of slot format).

Derivi@gﬁTPc decision for all base station (Blocks 640 and 650)

10 TPC_decision = *null”’;

20 For (k=0, k<NumBS, k++) {

30 If {BS_rxdTPC[k] > dn TPC_target{k]) {

40 TPC_decision = “DOWN”; }

50 Else If (BS_rxdTPC[k] < up. TPC_targetlk]l) {

60 If (TPC_decision = *null”) TPC_decision = “UP"; }

70 }



10 For (i=0, i<NunFinger, i++) { 20 BS_NtIlo[BSi ndex(i]] += Ntlo[i7; 30 ) //
BSi ndex[i] provides the index of the base station being processed by //
finger prwaeswen’nes Filter Nt/io for each base station wéphudzbpdesds! R
filter (Block 616) 10 For (k=0, k<NunBS, k++) { 20 Saturate (BS_Ntlo[k] to
2’\15-1); 30 diff = BS_ Ntlo[k] - filterggl BS Ntlo[Kk]; 40 filtered-BS Nt of k]
= Round (diff * IR gain); 50 ) // The IR filter has 1 pole, which is

def i ned by/w@d&%lams%fw&mr‘fﬁf;ué@r 99 ORbEaR-DOWRAGR se@Re St ati on (Bl ocks
618 and 6201) 10 For (k=0, k<NwnBS, k++) { 20 Saturate (filtered_BS_Ntlo[Kk]
to 2715- 1)/ TPHdesjsion REDAWN dkthe recemedTPC ommmmmssbmlsma s 40

ggr?ﬁ%ﬁ_ﬁ?’%ﬁ thogslﬂ}%émr%ﬁ@www& c151§$unc?n]§ E{t?‘i?]il[ M t: g(rjngzlk} p;

X to a maxidneseivel TPC@bmynand Geddteptéd 1oobk ahflllactfﬂﬂilﬁﬁdmdﬁdﬂBOWNOVI des the
square root of x. The UP and DOMN TPC target values may be stored in a table

t hat can bée Sﬂ??‘m e ormat. For a si npl e i npl errent ation, constant
val ues may be used for these TPC // target values (i.e., not a function of
slot for - ( all base station (Bl ocks 640 and
650) 10 F ‘ > o—c#=0, k<NuxBS, k++) { 30 If

(BS rxdTPQPk] * deflﬁECBmngleh[Sk]:t} 2{56 40 TPC decision = "DOMW'; ) 50 Else If

(BS_rt dTPGhHK] iny@qy@&gl@r 984kl ds1 80, ;! f (TPC_decision = "nul ™)
TPC_deci sion =

/I Create a table where the i-th entry contains a value for 2048 times the square root of i.
30 void CreateSgrtTable () {

40 For (i=0, i< SgrtTableSize, i++) {

50 SgrtTable([i] = (int) floor (sgrt(i)x2048+0.5); }
60 }

70 int GetSgrt (int x) {

80 int y =

90 int base = 1;

100 If (v < 0) cout << “negative y:” << y << endl;

110 While (v & OxE£ff££f00) ¢{ // keep shifting right until
120 y =y >> 2; // vy < 256

130 base = base * 2;

140 }

150 If (y >= SqrtTableSize) {

160 cout << “*table size exceeded y:" << y << endl; }
170 Return [(base * SgrtTablelvy]);

180 }

// GetSqrt (x) returns a value for 2048 times the square root of X, where X is a positive
// 16-bit number. Steps 110 to 140 shifts y to the right until y <256. At the end of the
// shifting: base =1 if x = 1..255; base =2 if x =256..1023; base = 4 if x=1024..4095;
/ ...; and base = 16 if x=2"14..2"15-1.

[1087] FIG. 7A shows an embodiment of a process 700 for determining the
reliability of TPC commands received from a transmitter (e.g., a base station) in a
wireless communication system (e.g., a CDMA system). At least one TPC target value
is determined based on a TPC threshold and possibly a weight, as described above (step



70 ) WD 2004/ 077695 PCT/ US20041005544 23 TPC decision is set to "~null"
initially. The OR-of-the-DOM rule sets the // TPC decision to DOM if the
recei ved ™MPE2¢@6Mmwas8l f or any base station is // detect eﬁcmlsm“,gogggm
command. The TPC decision can only be set to UPif // a received TPC
command is detected to be an UP conmangy and no DOMNN // command has been
detected. Square root inylenentation (Block 618) 10 # define SgrtTabl eSi ze

256 20 i ngiZr tviakipk rBar takad! eﬁuaseha I e @bﬁﬁﬁt%daaﬁ@%& W%Feci g iUt h entry

contains a value for 2048 tines the square r oot vol d
Cr eat eSqr cqalasdg ynd DW@HWMS, eSeritetAbPES ibe r¢cem)ed C c@@mands

20 inty acomyd fecffe 1RO *%é%&)‘&fu%?sﬁ%)’” ot deEhegtp FRha i T

end) . 11@rduoﬁuddefof Yach 1@:&1%& TPGO:)onimdsﬁetmswoﬁ tthm@sﬁm @thmimﬂans&@(kt =y >>
2,y < 25? 130 _base = bas ; 0} 150 If (y >= SgrtTableSize) 160
cout << ' t/®) eEQ‘théeté‘kt@éé'ff&i cyrmnaai iy aROMY| command; gnRIP GHpIp#s o1 2

Sar 1201 ek i s G il (9 18 5, v e o 204617 e
shifts y {1088he r¥iht 7Bnthidwsy ax eﬁﬂﬁ:dnﬂénttdsfeaeprdcesfs T3(e for combining TPC
- commands received from multiple transmitters in a wireless communication system. At

least one TPC target value is determined for each transmitter based on a TPC threshold
and possibly a weight for the transmitter (step 752). The TPC target value(s) for each
transmitter may be determined as described above. The received TPC commands for
each transmitter are compared against the TPC target value(s) for that transmitter to
obtain detected TPC commands for the transmitter (step 754). The detected TPC
commands for the multiple transmitters are then combined to provide TPC decisions
(step 756). Detected TPC commands for unreliably received TPC commands are
discarded. The OR-of-the-DOWN rule may be applied to the detected TPC commands.
for each power control period to obtain a TPC decision for that power control period, as
described above.
[1089]  Various schemes may also be implemented in combination with the
techniques described above. Some of these schemes are described below.
[1090] In a first scheme, a power lock threshold is maintained for each assigned
finger processor and used to accept or reject the received TPC commands for that finger

processor. The power lock threshold may be computed based on an average

DPCCH E,/N,, the E,/N, of any DPCCH field including TPC E./N,,
CPICH E_/I,, or some other E,/N, or E /I, measurement. For W-CDMA, the

TPC, TFCI, and dedicated pilot (see FIG. 2A) may be transmitted at different power
levels. Thus, the average DPCCH E,/ N, may be different from the TPC E_/N,. The

power lock threshold for each finger processor may be set, for example, to the
measurement for the finger processor with the strongest multipath minus an offset (e.g.,
a few dB). If this value is less than a minimum threshold value (e.g., -20 or -17.5 dB),
then the power lock threshold may be set to the minimum threshold value. The power
lock threshold for the strongest finger processor may be set to the minimum threshold

value.



/[l shifting: base =1 if x =1..255; base = 2 if x = 256..1023; base =4 if
x=1024..4095; ...; and base = 16 if x=2714..2715-1. [10871 FIG 7A shows an

enbodi mewip @ba/@y7gpsocess 700 for determining the reliabkjli f C commands
received froma transmtter (e.g., a base station) in ?&fﬁ%ﬁg@éﬂg 44

comuni cation system (e.g., a CDVA s»gten). At | east one TPC target val ue
I's determ ned based on a TPC threshold and possibly a weight, as descri bed
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minus an offset (e.g., a few dB). Ifthe measurement for a given base station is less than
the power lock threshold for that base station, then the received TPC commands for that
base station are discarded.

[1093] In a third scheme, the received powers for the DPCCH and CPICH are
estimated for each base station, and the ratio of DPCCH power to CPICH power is
computed. The DPCCH to CPICH power ratios for all base stations in the active set are
then compared to detect for power imbalance. Power imbalance may be declared, for
example, if the largest power ratio is greater than X times the smallest power ratio,
where X is a value greater than one. If power imbalance is not declared, then the
received TPC commands may be accepted or rejected based on pilot signal strength
(i.e., received power for the CPICH). Otherwise, if power imbalance is declared, then
the techniques described above may be used to determine the reliability of individual
received TPC commands and to combine these received TPC commands.

[1094] In a fourth scheme, only the received TPC commands for the strongest
received base station are used for power control. The received TPC commands for all
other base stations are discarded. For this scheme, no TPC combining is performed.
The received TPC commands for the strongest received base station may be accepted or

rejected using the techniques described above.



DPCCHE / N , the E, / N, of any DPCCH field including TPCE, / N, ,
CPICHE. / I., or sone other E, / N, or E [/ 1, rreasurerrent For W CDVA, the
TPC, TFGwo »ib78@di cated pil ot (see FIG 2A) may be tr ﬂ} different
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and CPlI CEP@rprocessor 364) may be implemented within one or more application specific

integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units desig;led to perform the functions described herein, or a combination thereof.
[1098]  For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 322 or 362 in FIG. 3) and executed by a processor (e.g., controller 320 or
360). The memory unit may be implemented within the processor or external to the
processor, in which case it can be communicatively coupled to the processor via various
means as is known in the art.

[1099]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without

departing from the spirit or scope of the invention. Thus, the present invention is not



estimated for each base station, and the ratio of DPCCH power to CPI CH power
is conputed. The DPCCH to CPICH power ratios for all base stations in the
active swto mogo776d3en conpared to detect for power i nbal@hGgs060084441 Mol ance
may be declared, for exanple, if the largest power ratio is greater than X
times the small est power ratio, wherg; X is a value greater than one. |f
power inbal ance is not declared, then the received TPC conmands may be
accept ed; HinQin I I power
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t echni que@pdeewstbédwﬁﬂbvenmp ep endisext] faatutes diselpsed hermnr el i abil ity of

i ndi vi du and to conbi ne these received TPC
commndsﬁlpgf)94w-f§gaﬁglm@%ﬁe, only the received TPC commands for the
strongest received base station are used for power control. The received
TPC commands for all other base stations are discarded. For this schene, no
TPC conbining is perforned. The received TPC commands for the strongest
recei ved base station nmay be accepted or rejected using the techniques
descri bed above. WD 2004/ 077695 PCT/ US2004/ 005544 26 [1095] The techni ques
descri bed herein can nore accurately determne the reliability of received
TPC commands. These techni ques nmay be advant ageously used by/for termnals
that are in soft handover as well as those that are not in soft handover

[ 1096] The techni ques descri bed herein may be used for any cl osed-I| oop
power- controlled wrel ess conmuni cati on systemthat sends TPC comrands to
control transmt power. For exanple, these techniques nmay be used for CDVA
systens such as WCDMA, |1S-95, 1S2000, and | S-856 systens. Different
systens may send TPC comuands in different manners, using different channel
structures, and so on. Moreover, the TPC commands for different systens may
have different formats and/or different polarity than those descri bed above
for WCDVA. The nunber of TPC target values to use and the values for these
TPC target values may then be dependent on the format and polarity used for
the TPC conmands. [1097] The techni ques described herein maybe i npl enented
by various neans. For exanple, these techniques may be inplenented in
hardware, software, or a combination thereof. For a hardware

i npl ementati on, the processing units for these techniques (e.g.,




TPC processor 364) nmay be inplenmented within one or nore application
specific integrated circuits (ASICs), digital signal processors (DSPs),

di gi tal wogoedompsésscessi ng devices (DSPDs), programabl i Vi ces
(PLDs), field programmbl e gate arrays (FPGAs), pr oceggg@b@gﬁﬁ%l | ers,

mcro-controllers, mcroprocessors, egher electronic wunits, designed to
performthe functions described herein, or a conbination thereof. [1098]

For a software inplenentation, the techni ques described herein may be

i npl enented with nodules (e.g., procedures, functions, and so on) that
performthe functions described WELAIMSThe software codes nay be stored in
a nenory unit (e.g., nenory unit 322 or 362 in FIG 3) and executed by a
processor (e.g., controller 320 or 360). The menory unit may be inplenented

within the prpcessgr. o ro or, in_which case it can be
conmmuni cati vel'y co‘ggfgéeﬁgéflﬁgﬁ%)sr%@%&s@@?m&nas v%??gﬁ%bgwr%g'ns as is known in
the art. [1099tonipeativremtio operdiectd plovide Hfraiidhsit gowed eserdl ¢TROtaAgRt S i S

provi ded to enahle any . person.skilled in the art to nake or use the present

i nvent i ofplueused &rdetespining reliabidify of rscatves EPe spmmandsitagdwi | | be readily
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horel i iy et QB Aifendlild s Rldnare B teldifePe! (il Balinbibad®)  °

spirit OFPGciarget ofahtehand previtie adetectddu TPC kempragde riasedi\o@ntdsalts iof thet WO
2004/ 077695 PCT/ U$2004/ 005544 27 intended to be limted to the enbodi nents
shown het®RHER- is to be accorded the widest scope consistent with the
principles and novel features disclosed herein. 111001 WHAT IS CLAIMED | S:
WO 2004/ 077695 PCT/ US2004/ 005544 28 CLAIMS 1. A device in a wreless
comuni cat i on2.systEm devorefictdimgl, vehereimthst deteationwmitt is opevative toeprbeidpr ovi de a

of "1 ocei Brenet T ipmend Briehdt be s el i SpBFIRb P VRIRBOE (he
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commands based on results of the conparison.
absolute value of the received TPC command is less than the TPC target value.

3. The device of claim 1, wherein the TPC target value is determined based
on a TPC threshold.

4, The device of claim 3, wherein the TPC threshold is a function of signal-

to-interference ratio (SIR) for the received TPC commands.

5. The device of claim 3, wherein the TPC threshold is a function of
energy-per-chip-to-total-incoming-signal ratio (E,/I,) for a pilot and signal-to-

interference ratio (SIR) for the received TPC commands.

6. The device of claim 3, wherein the TPC threshold is a function of

energy-per-chip-to-total-noise-and-interference ratio (E,/N,) for a transmission

received aldng with the received TPC commands.

7. The device of claim 3, wherein the TPC threshold is selected based on a
tradeoff between probability of false alarm and probability of missed detection.



2. The device of claim1l1l, wherein the detection unit is operative to provide
a detected TPC command for each of the received TPC commands, and wherein

t he detwoteghohRfsscommuand i ndi cates that the received %com’rand i S

unrel i abl e when an absol ute val ue of the received TPC'ESHEAN PS4 ess t han

the TPC target value. 3. The device QP claim1l1l, wherein the TPC target val ue
is determ ned based on a TPC threshold. 4. The device of claim 3, wherein

he TPC th | d f . f SIR f
he rocei ved TPC Al aRiE 4 Sl al i ) AP eeBtl BRBer plke”

t hr eshol ditdarsined basealt dnonweiight, ener gy- per - chi p-t o- t ot aI -i ncom ng- si gnal ratio
(E,/1,) for a pilot and signal-to- interference ratio (SIR) for the received
TPC conmands. 6. The device of claim3, wherein the TPC threshold is a
function of ner al (E N)
for a transmggm O%Dhe%@g?%ﬁlaﬁ:@()&%%%}etl ﬂ:%eﬁ;ge@ﬁggiaveﬁéﬁlr %‘?«REI oﬁéaeddn(& :

devi ce ahte%&nm-ﬁx—towmmg-hgnﬁlpﬁtioh( 10) @stirateefor cd eAndiaRRe ofnhe

tradeof f between probability of false alarmand probability of m ssed

det ect i agncerxs0d TRIDABMABES PCTI US2004/ 005544 29 8. -The device of claim 3,
wherein the TPC target value is further determ ned based on a weight. 9.
The device of claim8, wherein the weight is a weighted total-noise-and-

i nterference-figo- t ofiRl qdviceOBT Bikird Q“ﬁheréﬁatﬂﬁ éd}h uthtidrOdmi® 5 opesaﬁvé % a
transmtter of the received TPC comuands. l:!I'he device o aim9

wher ei n debamminengpoweightednNphi, testimatepior aadhved atpiuraﬂiey of signal instuwdes) fdrete N /1.
estimate for each of a plurality of signal instances for the transmtter
and to Stawsmitisk ancitoisuyn oplwadity bf weighted/ N} /d, estithates & thoplutdliey of sigrml i t y of
signal instances to obtain the weight. 11. The device of claim1, wherein

t he conpostencedip ehiein thesweighk ative to provide first and second TPC tar get
val ues, wherein the first TPC target value is used to determ ne whether the
recei ved TPC commands are UP commands, and wherein the second TPC target

value is usedito deHeeddvideeoferiihier, wheremetRi sachulitfont RNESH dpefife to
provide first and second TPC target values, wherein the first TPC target value is used to

determine whether the received TPC commands are UP commands, and wherein the
second TPC target value is used to determine whether the received TPC comuands are
DOWN commands.

12.  The device of claim 11, wherein the first and second TPC target values

are determined based on first and second scaling factors, respectively.

13.  The device of claim 1, wherein the wireless communication system is a
-~ Code Division Multiple Access (CDMA) system.

14.  Anintegrated circuit, comprising:

a computation unit operative to provide a transmit power control (TPC) target
value used for determining reliability of received TPC commands; and

a detection unit operative to compare the received TPC commands against the
TPC target value and provide detected TPC commands based on results of the

comparison.

15.  An apparatus in a wireless communication system, comprising:



DOMWN commands. 12. The device of claim1l, wherein the first and second TPC
target values are determ ned based on first and second scaling factors,

respect i wel2gos/ih369sThe device of claim1l, wherein the wy&l ni cation
systemis_a_ Code Division Miultiple Access (CDVA) syst gﬁ@&“@ﬁ%t egrat ed
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circuit, conprising: a conputation ught operative to provide a transmt
power control (TPC) target value used for determning reliability of

recei ved TPC cammgndgas ﬁﬁg]% aﬁ%# i EFPS ;éﬂ[ép@[ e

recei ved TPCngommnq;ggal n tgﬁ]e &é“tégr"g’é?&vgﬁde) %rn%éepr oVl gﬁdf{e){lect ed TPC
comandsietsasiingreliallitt ofseefivediBPC compandsson.  15. An apparatus in a wirel ess
For det e m RS, ARGATDE BEAABH LB G PoPRBES e R (Y B aer
determ nipag reliability of received TPC commands; neans for conparing the

recei ved TPC commands agai nst the TPC target value; and nmeans for providing
a detected TREapsioropreviding existectsd TRE qogurandefor kRCh of dhermerdiveB Y on a

result of the.,c ris in the.detected C.co i ndi cates that
the rec eﬁom%gr#%% 3 eﬁ"iw?%ﬁg |SCHBRRSh gﬁ’eﬁeﬁn EE% 8?‘8%?873331% 8078’?1313‘}1 e

r ecei vedndibites R et divdd TRCLddaiinddasis UnfeliableO®herV @h dBsolutb vathegtthod of
determning reliability of transmt power control (TPC) conmands received

Y, ¢
from a treeehediRCepommangd ifjless|teassthe AR gekYaleh system  conpri si ng:
determining a TPC target value used for determning reliability of received
TPC commands; conparing the received TPC commands agai nst the TPC target

val ue; and p6ovi i mgethod! of @eteptlinIiCraliabilisy bffteanseiCPowér tdifrol TRCyed TPC
commands based on a result of the, conparison, whereln the detected TPC
command ORERAES cXceiNgd PRl & EMSPET T & oWHEIRES | COMMPRICAtIN SY§iREN an

absol ut ‘%oiﬁ%h’k‘ﬁg?f the received TPC

determining a TPC target value used for determining reliability of received TPC
commands;

complm'ing the received TPC commands against the TPC target value; and

providing a detected TPC command for each of the received TPC commands
based on a result of the comparison, wherein the detected TPC command indicates that
the received TPC command is unreliable when an absolute value of the received TPC

command 1s less than the TPC target value.

17.  The method of claim 16, wherein the determining includes

obtaining a weighted total-noise-and-interference-to-total-incoming-signal ratio
(N, /1,) estimate for the transmitter, and

obtaining the TPC target value based on the weighted &, /I, estimate and a TPC

threshold.

18.  The method of claim 17, wherein the weighted N,/I, estimate is

computed for each of a plurality of signal instances for the transmitter, and wherein a

plurality of weighted N, /I, estimates for the plurality of signal instances are summed

and used to obtain the TPC target value.

19. A processor readable media including instructions operable in a wireless

communication device to:



command is |less than the TPC target value. 17. The nethod of claim 16,
wherein the determ ning includes obtaining a weighted

t ot al - nolwyeeosA7doqt er f erence-to-total -i ncom ng-si gnal rati 1,)
estimate for the transmtter, and obtaining the TPC tarpgterf[%\;%q(‘&!gsgﬂ‘ésed on
the weighted N, / 1, estimate and a 'EI?C threshol d. 18. The nethod of claim
17, wherein the weighted N, 11, estimate is conputed for each of a plurality

of signal ins | sm tter erein._a | ural i t.y. of

wei ghted N, /&e?ef}&gﬁs"t Bl éé‘%]‘hg‘;“ﬁj‘i"gr%? ??3%%’%‘ wile aed Rer doh e sumed
and usedreligbitibf gfireceived THRCcorangads; val ue. 19. A processor readabl e nedi a

I ncl udi ng i nstructi&gs operﬁ)lég in a ‘g rel estg caommuni cati on _device to: WO
2004/ 077695 PEMRIDEEAPUHEE AL C eonmandsagaingt the TPSfarget valssi@ndcontrol (TPO)

target vl ue y5otlef Dol B idifmd:fl f2 bl of (L EERFIVRECTEG FRRENTS:

conpare the received TPC conmands agai nst t C'target val ue; and provide
a det ect eaded B x oesulrof the competisonf thehédeteated TPEU caiMand imdicalimg thatsthd on a

result of t.he arison, .the detected TPC.caonmand i ndicating that the
recei vedfe?%@%%%ﬁ%m%”éﬂ% i élp}'egtgﬁlg ‘é‘ha‘érf‘bﬁ‘gyﬂ ﬁﬁ@e Ith rﬁqeg‘feﬂeﬁgcei ved
TPC  congomflandis 148 thantBO TPOQarkBGyaley g€t val ue. 20. A device in a wireless
conmuni cation system conprising: a conputation unit operative to provide a

transmt power control (TPC) target value for each of a plurality of
tion uni.t.operative to conpare the received TPC

1 i tt ; d
commands for Hch ARSI 3 Mireleb CormmiEatch SBERE cEmESnES: i ho TRC t ar get
val ue for thea téRpsEliéd ﬁﬁtk@eﬁﬁ%k@&ovﬂﬁtﬁﬁh@éﬂrﬁgg&v@@mfﬁPe

tdr
transmtter; and a TPC conbi ner operative to conbine detected %’P comands
for the pilug frieach of@fpluralifisefitranemiiterss pr ovi de TPC deci si ons. 21. The devi ce

of claim 20, rein the detection unit.,is rathse to provd de . a detected
SPC commnd. ARSI PE apeAGR tortboltis. s *eBRTL Y ol pfiaS ot Gt

the plurality of transmitters against the TPC target value for the transmitter to provide

detected TPC commands for the transmitter; and

a TPC combiner operative to combine detected TPC commands for the plurality

of transmitters to provide TPC decisions.

21.  The device of claim 20, wherein the detection unit is operative to provide
a detected TPC command for each received TPC command, and wherein the detected
TPC command indicates that the received TPC command is unreliable when an absolute
value of the received TPC command is less than the TPC target value used for the

received TPC command.

22.  The device of claim 21, wherein the TPC combiner is operative to

discard detected TPC commands for received TPC commands deemed as unreliable.

23.  The device of claim 20, wherein the detection unit provides a plurality of
detected TPC commands for the plurality of transmitters for each power control period,
and wherein the TPC combiner is operative to provide a TPC decision to decrease
transmit power if any one of the plurality of detected TPC commands for the power

control period indicates a decrease in transmit power.



TPC command i ndicates that the received TPC command is unreliable when an
absolute value of the received TPC command is |ess than the TPC target

val ue used 20mfo7idee received TPC conmand. 22. The devi Y 1,
wherein the TPC conbiner is operative to discard det eg?ggfsf@e@ggg‘r‘ﬁgrands for
received TIC commands deened as unrehkpable. 23. The device of claim 20,
wherein the detection unit provides a plurality of detected TPC commands
for the plurality S f ChicPRYE Y, i nd
wherein the ?3(: co ei&nerg?&ié?%%ﬁ 2?1 {&{eler?% %reow dém'ggqg%{?%g%ie%cg%ft%gdecr ease
t ransmi tplyralityrofi tranamyttersds détemntinedobasedlontayTBC tHeeshaltlemid TP@eiphtrfmrtds for t he
power ontrol period indicates a decrease in transmt power. WO 2004/ 077695
PCT/ US2 9544 32 24. The device of claim20, wherein the TPC t ar get
value for each of the plurality of transmtters is determ ned based on a
TPC threshold and a weight for the transmitter. 25. The device of claim 24,
wher ei n t he Wi ghtThealeveegodf addim 2 vhenein ithe weight fon eachmiftthe pluraity ofiei ght ed

total - nqi_se-and-.i nterf.erence-to-total-incom ng signal ratio, . 14)

ot |t PSP e SHEERER cPi Sl R in PR oo Frpobbe (i apto

conpri si(gy I3 esiiale!fot@BRianghiteper ati ve to conbine data synbol estimates for
at | east on€” signal instance for each transmitter to provide the received

TPC conmands for the transmitter. 27. The device of claim 20, wherein the
TPC conbiner is operative to discard detected TPC commands for any one of
the pluralitybef thheiswiceosclkimBfughercoapiigingt gnal quality estimate for the

Lransm tEer 1o RRleP U BBl USLEA U U ALeRN0b sy Pesttlifes 6 hiBast bn! 21 ™ 27

wherein the second Sign estinate IS

ener gy- mignat bispmte -fooeadh tanspsittanty- providel the aecdvedTPC (dmmbdds) forghe mat e for
a physical channel used to send the received TPC commands. 29. The device
of cl ai H#¥MMERerein the second si gnal quality estimate is an
ener gy- per-chi p-to-total -noi se-and-interference ratio (EE/N,) estimate for
the received TPC conmands.

27.  The device of claim 20, wherein the TPC combiner is operative to

discard detected TPC commands for any one of the plurality of transmitters when a
second signal quality estimate for the transmitter is below a predetermined threshold:

28.  The device of claim 27, wherein the second signal quality estimate is an
energy-per-chip-to-total-noise-and-interference ratio (£,/N,) estimate for a physical

channel used to send the received TPC commands.

29.  The device of claim 27, wherein the second signal quality estimate is an

energy-per-chip-to-total-noise-and-interference ratio (E,/ N,) estimate for the received

TPC commands.

30.  The device of claim 20, wherein the wireless communication system is a
Code Division Multiple Access (CDMA) system.

31.  Anintegrated circuit in a wireless communication system, comprising:
a computation unit operative to provide a transmit power control (TPC) target

value for each of a plurality of transmitters;



30. The device of claim 20, wherein the wireless comuni cation systemis a
Code Division Miultiple Access (CDMA) system 31. An integrated circuit in a
Wi r el essy@oggaieeat i on system conprising: a conputati Lt rative to
provide a transmt power control (TPC) target value f ET@%‘{‘?‘"@@%&“ plurality
of transnitters; WO 2004/ 077695 PCT/ LS2004/ 005544 33 a detection unit
operative to conpare received TPC co nds for each of the plurality of

transmitters e TPC 1 et val ue.f etra ter t rovi de
det ect ed TPC? c‘%ﬁ%ﬁﬁﬁ%‘“ﬁ e{aﬁge%}a g?@ﬂ?‘?trg?mv%nﬁg hd)gé'ﬁ%tl ve to
conbi ne pligiiagt UrdEmitasnapaist ter TPOStaflet valuet for t@é utaﬁﬁﬂﬁmtté Prvid® provide
TPC deci sions. 32. An Epar atus in a wireless comruni cati on system

corrprlsﬁi{‘ﬂf}ce fsComyp @?WFHI et@atsnit power control (TPC) target

val ue for ea ) ' r recei ved
TPC corrmamds%’;ﬁz)lgJE 8%8Rﬁ 5}?%? ﬂ% t8 ﬁﬁ%ﬂetc{etarrg%s %%a%flégggalé@%dthﬁg TPC

t ar get Mhamnilﬂ:erstthprdvnmmﬂmmoﬁw prbvi de detected TPC comuands for the
transmtter; and neans for conbining detected TPC conmands for the plurality
of transmtters to provide TPC decisions. 33. A nmethod of conbi ning
transmt powgh COK{ MnatabRGh a q,gpa@s% oo oSS conmuni cation
system corrpr?5| ng: %Jgt earm ning a g%m%rcgrget 8l\‘%gyue ’fgr I{argg “of a plurality
of transnmitt exemps tynjetarinngng e frabamit piRe @onimeh(TRC) tergetealhe fir eatteoPpd ural ity
of trans ttergA agai nst the TPC target value for the transmtter to provide
det ect ed' “Mor the transnitter; and comnbining detected TPC

commands for ydags Fbt! rc@ﬁfp}tﬂnﬁfreée{\iéﬂsﬁ'@t&hﬁnéﬂspfoi?véagﬁ of RE fifaliy) eps.
transmitters against the TPC target value for the transmitter to provide detected TPC

commands for the transmitter; and
means for combining detected TPC commands for the plurality of transmitters to

provide TPC decisions.

33. A method of comﬁining transmit power control (TPC) commands
received in a wireless communication system, comprising:
determining a TPC target value for each of a plurality of transmitters;

- comparing received TPC commands for each of the plurality of transmitters
against the TPC target value for the transmitter to provide detected TPC commands for
the transmitter; and

combining detected TPC commands for the plurality of transmitters to provide
TPC decisions.



