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enbodi nent's” rel'ate to wirel ess comunications. Mre particularly, the

di scl osed enbodi nents relate to a novel and inproved nethod and apparat us
for controlling transm ssion energy in a wireless comuni cati on system 15
1. Background The use of code division nultiple access (CDVA) nodul ation
techni ques is one of .several techniques for facilitating comunications in
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advant ages over these nodul ation tectSYSUEM or nultiple access
comruni cgti on systens. The use of CDMA techniques in a nultiple access
comuni vation systemis 25 disclosed in U S. Patent No. 4,901, 307, entitled
" SPREAD SPECTRUM MULTI PLE ACCESS Ww YSTEM USI NG SATELLI TE OR
TERRESTRI AL REPEATERS", which is 0 € assignee of the present
invention and fully incorporated herein by reference. Th muma‘mum“n

techniques in a multiple access conmuni cation systemis osed
in 30 US. .ot No. 5,103,459, entitled "SYSTEM AND METHODGbda#2+ GENERATI NG
SI GNAL WAV IN A CDVA CELLULAR V1' O 02/ (1 1r379S CT/usl11/slllr-4~

i TELEPHONE SYSTEM', which is assigned to the assignee of the present

i nventi and fu P r : i ket MR Bvioht s Mdteer ent
nat ur e gp bei ng Zh%%gﬁgaﬁpgﬁg%ﬁ%ﬁ e? gﬂage ftgrﬁrg%fgrcgquenci/c%lio\%} yll (%}% by
spreadi ng t pertiuimdy, the eliglosedemisodintmntdeelate tdtadmotel Bhdrieimored imethodncy
selective fading affects only a small part of the CDVA siignal bandw dth.
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t hrough si mul taneous |inks froma nobile user through two or nore

cel | -sites. ¥ Ther nore, path diversity nmay be obtained by exploiting the
mul tipath environnment through spread spectrum processing by allowing a 10
signal arriving with different propagati (mmmmmwmmmm be received and
processdd sHpBaekgtoundExanpl es of path di illustrated in U S.
Patent No. 5,101,501 entitled "METHOD AND SYSEEM«FOR PROVI DI NG A SOFT
HANDOFF | N COMMUNI CATI ONS I N A CDVA CELLULAR TELEPHONE SYSTEM', and U. S.
Patent No. 5, 109TBe@isenf codediviboWERS!tiPle REE@SSE YVERMIA) Madil abi tethiniqilesR
TELEPHONE SYSTEM', both asaiggned 0 }h«i assi gnee of  the Efr,ese { . invention
and i ncor potsaPRe Gfysererad teehiBaHes &t iac Ha*ansd:ﬁmué%&aitﬁﬁéps‘e’g%ﬁh 4 ueteCas
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obt ai nedoby sygkirnGettittiqae)ssudd & agimet dedisione thukipde QacopapofTDIVIA )ofantthe
QPSK signal With the estimte of the communi cati ons channel. By know_ng the
rel ati ve phiteguenty divisionaneliple aeeess (FIQNEAane knsvar in theiady figwetesethe

velocity of the ,nobile station,in relation ase. statiqn,
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the a5 0% casred I l5° PAS! PR £80P Yo7, *erifed® ABREAD spECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USIN¢ SATELLITE OR
TERRESTRIAL REPEATERS”, which is assigned to the assié'nee of the present

invention and fully incorporated herein by reference. Tile use of CDMA

techniques in a multiple access communication system is further disclosed in

30 US. Patent No. 5,103,459, entitled “SYSTEM AND:; METHOD FOR
GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR



There has been an increasing demand for wirel ess comuni ¢ati ons 30 systens
to be able to transmt digital information at high rates.i One net hod for
sendi ng hj r ;digital data froma central base statio S cri ber
unit is k‘&%”(‘%f’u&sws 3 PCTJUSUL/5(11~-4-4 to allow th@‘%‘g%sg‘@kg?i on to
send the data using spread spectrumtechni ques of CDVA. One proposed net hod
allows the renote station to transmt its information usiing a small set of
orthogonal channels, this nmethod is descsibed in detail iin copending U S.
Pat ent No. 08/886,604, entitled "H GH DATA RATE 5 CDVA W RELESS

COMVUNI CATI TBLEIYSTIVE, SYSTERTTedvhixht e assighgde® dhe tdssigmeesenthe rpresdriton
and incorporated by reference herein. Power control is a'necessary

- conponent omvgniienasd fulmbenrparated heyeindnstefxengtvent i onal net hod of power

control of a nobj t.ation., or _reverse.]i.nk power control, n. a

conmmuni cati on sygbml%‘/{t%‘%h:eﬁif?t atflﬁeéof)%% a?w\f%ba{ﬁeﬂ%egeqft%aag%rﬂﬁf from
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regul ar bnt Eherefare, Aretiehod seledtive fadiapuafféas ondytar bl npart rd b CEMA

power in this fashion is disclosed in U'S. Patent No. 5,056,109, entitled

" NETHOD ANDFigpEARydsitbR 2raqeren PRikaliversiiaNSRP Bare\bpavokiding Anghiple
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d I ncer pora y" reference herein.

convent i onajhEERdRe! FAANBFMBRY Halh diBsTHPIMmAPBE YbbtAnbA®Y SipiGitihg! thek in
hi gh data rate systens. Conventional nethods of” power 20 control typically
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control of a base station, or forward |ink power control. There is also a
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the present invention and incorporated by reference herein.

In a communication system, such as CDMA, that provides data using a
Quaternary Phase Shift Keying (QPSK) modulation format, information
regarding the transmitted data signal can be obtained by taking the cross

20 product of the I and Q components of the QPSK signal with ithe estimate of the
communications channel. By knowing the relative ph?ases of the two
components, one can determine roughly the velocity of the; mobile station in
relation to the base station. A description of a circuit for determining the cross
product of the I and Q components with the channel estimate in a QPSK

25 modulation communication system is disclosed in U.S. Paﬂ;ent No. 5,506,865,
entitled “PILOT CARRIER DOT PRODUCT CIRCUIT”, assigfned to the assignee
of the present invention, the disclosure of which is incorpofated by reference
herein.

There has been an increasing demand for wireless communications

30 systems to be able to transmit digital information at high ratefs. One method for

|
sending high rate digital data from a central base station to a subscriber unit is



WO (12/0C379s PCT/LISII 1/ SCC-4-4 4 SUMVARY The disclosed!enbodinents
present a novel and inproved nethod and 5 apparatus for éerforning f orward
| i nk closagk&ﬂgpmpomer control. Accordingly, in one aspectrqJJEkRQy of
forward |ink power control in a wireless conmunications system i ncludes the
steps of selecting a power controlled forward link signal, calculating a
bit error rate for the selected signal, calculating a variance for the

sel ected signal, and calculating a forwagd |ink 10 power ‘control set point
fromthe bit error rate and the variance. BRI EF DESCRI PTIL.ON OF THE DRAW NGS
15 The f eattor @kgw dh¢ bases statind tadeadt thgettafustipespliead| speeidusmtrabnitpres ofwi | |
becone nore _apparent fromthe detail ed description set forth bel ow when

“ taken in corPOhbt i dAnsuRRreRRd dpatiosyslipwswhic remoke stalie dAcEaptaitadifer s

identify cosy, ndi ngd L A I i agram
of a cl os_ed1 nlfglgﬁg%%{w{elrgméoén? ‘f“%ﬁgﬁ}s‘,l’%’?é’?h Fg%eﬁé’%ﬂ%ﬁn \?\h/c a%&’&é&n@ea-

il lustrati ng detABinedpédingal 8! Phtehe A 08)/ 886604, eARtls@t HIGHDATARASEI s a
bl ock diagramillustrating apparatus for generating closed | oop power

control Bonbd4 WIRELESS £ QMIVIDINI (A BN YSTEM! 1 agsignpdatordterasdigyiee of
generating netrics to 25, be uged in the LG t%{;}_ determ nation of a cl osed
loop set poilétPregsny ipyention pud mqorpeiated By raiarenqe RETPMY i ng an exenpl ary

o osed 1oop set parsr. oG]k E) RSy Wl YAATPE e Elest TOBOMATAER ' ©
DESCRI PTI ON\syfgterhblE RRESINRINHONEMBREINIANG S pOveerd coirol of e fisisdiemetatisnprogsent

a method of i npl enenting closed 5 | oop power control on the forward |ink of
hi gh data reverss link pewer eantral, datwi eysmeydeadion sySterh ia tarptoméleritbe popeasi al | y
usef ul en the dat.a signals are only.present in, short bur uch that
packet 3P °ToLE rEpvited bR RL FopLROMabIRsERER of S hERCRpioH: he REECsHEh
Moreover, sinf8pbfik 1dTEh aoricHidsswar IR AUrRMIOpoREE UHANB] RS 1BOh!

adj ustnment on the forward link even 10 without a PER (FER) estimte, it can

al so be usenhobilei sipiiav at tregulac dntereglsof Aomethod aod pepdratusmforeconttesilingch

estimates do becone avail able. The discl osed enpbodinents estimate bit error
rates for sERBENISEIONOREIEE dht by fashien gn slisclesed He U.or Rateat INewS,056,109,

Addi tionally,,.the no i vaphance ignal rg r
each packeté{liitéttlee(gti U&@Eiﬂ@ﬂd t%‘ﬁver’g‘ggt%mgg of F@ﬁké&é@&%@ﬁﬁare
al so used tPRAMSVMENON TOPOVRIN Q0tCOMASCEPPUNAR Wi©BI ECTESERHONE
enbodi nents describe a nethod of determ ning the set point of a closed |oop

power cont r SYSEESY ewhichlisanssegrarpltar thee absignese of , thehpresent dnventidrappdr at us
are applied to alpacret dfata tignsm ssion system In packet data
transm ssi oRCOIRYIGHS DY A8 "§fgRal ing is transnmitted in bursts, 20 while

a significant peyq | =10 1,SiS) @AS.
The exenplary e ggﬁn@%’té&{ﬁgﬁg%{%gusse@sﬁf ?g%gtcgﬁtrg}'%%éf%z% for
packet dat afdrivadniisisiinnhigh dati t&feesystemsmunContértiioray shethaats depomdred in

detail in copending U_S. Patent Application Serial No. 08/ 963,386, filed
NovembeR03, cargeq! Hrrcallit iuse denoviETPRoOpertiEs AbRRRITHSN FeR OHesHERIe Shipr

PACKET DATA ,TRANSM SSI AND, APARATUS H GHER RATE BPACKET DATA
TRANSM SS1 CRRSTARRTIEHCT 5 IHOREGIENFY e OkJBEGER GREG RESIBFEs EPct NOSHE: on
and i ncor po{)f’éﬁ%i’ti@é’n{agfl%t 86181 The OV IRNOSIESt LERAGHTBRALA JRY rédeso be

extended to ot'her proposed systens that
system may not be power controlled for a single subscriber unit, and also, may

not be transmitted on a dedicated pilot channel. _

25 There is a need in high data rate wireless commum'cation systems for an
efficient method of power control of a base station, or fo1;'ward link power
control. There is also a need in high data rate wireless comxﬁmﬁcation systems
to monitor the power of the received signal from the base station at a subscriber
unit, and in response to the monitored power level, transmit power control bits

30 from the subscriber unit on the reverse link to the base istation at regular

intervals.



are planned to carry packet data transm ssions, such as tghe

Tel econmuni cations 30 I ndustry Associ ation proposal to the International
Tel econmuyy ;Union (ITU) entitled "The cdma2000 | TU- date
S oot oSBT oL 5705 PaT L1 911 3/ Some6 Eor (?Cﬂg"'%m

Tel ecommuni cati ons Standard Institute pr oposal to the International

Tel econmuni cations Union (ITU) entitled "The ETSI UMIS Terrestrial Radio
Access (UTRA) I TU-R RTT Candi date Submi sgion". The di scl osed embodi nent s
can be applied when the data signals are 5 transnitted in short bursts so
t hat packet or franme error rates (PER or FER) cannot be estinmated
accurately, and on.the forward |ink where the pilot signal may not have
- power control or a dedicated channeSUMNVEAREY , because the discl osed
enbodi ments provide a mechani smfor accurate set point adjustnment even
wi t hout PER ( FER) esti mat es from dedi cated power controlled pilot 10

" channel s, the e

d
ot os 101 oPBCIER 2 B ELBE pifehe TGPl b Refitel and
estimat eg AYald P rﬁ%rfo-fﬁﬁng E&%é&%ﬂ%ﬂ@ pleed n@dr;p& gow% ebhiel. sae&bfdiaé Jhbu t

forward |inkK ‘power contr ol poi nt based on rtificiially creat

error rate,inneree aspedt, 15 methidd odfalfotveatd lodnspewer ofordrolumbea wireddssps

froma selected forward |link sjignal distri bUtegs,e; er. a frame or fraﬁti on of
[

a frame. | nCIRTBREGRSIONGy SEREBAITRNTes thee sigrs ghissiecingqetrReWehegnirolle
addi ti onal | . |,n, ACRRL NG %éltau;au%g 1alhy e AL ANGS: Gt baeaLnalaner 0y

(or signal norse 1n ér ence or eac packe ohally

enpl oys t hecdluiagihgdf vhiinges for the 8elécted S8h&l Mndecdlb@ablySefofedrdl 1inRy
enpl oyi ng these tvvo additional factors the  set point can be determned to

provi del@ gpowet nohtralsedbpobift feimgihe bifieaton nptedame the vardeendent of the
channel characteristics, e.g. different Doppler spectrum, Thus, it is
possi bl e to determ ne the forward |ink closed | oop power control set poi nt
(T) based on these factors. 25 In an exenplary IS 2000 enbodi nent, a Power
Control Group (PCG is 1.25 mllseconds (nms), or 1536 chips, in |length.

Each forward PCG COBRIEF DESCRIPTION OF THE DIRAWINGSmMmand to

ei ther increase or decrease the nean subscriber unit output power |evel.

Si xteen PCGs are transmtted in each 20 ns frame on a Forward Power Control
Sub- channel (FPCS). The FPCS consists of 30 PCGs punctured into random zed
positi oA8 on t helF®feaintesrobigaivennd adunningep of the plgq}osgd epplodigtepsy will

Dedi cated Coptf 0l Ir%l%nappérenpqg_ﬁq the detailed description set forth below when

taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
FIG. 1 is a block diagram of a closed loop power control system;
20 FIG. 2 is a flowchart illustrating a method for determirfling a closed loop
set point;
FIG. 3 is a block diagram illustrating apparatus for generating closed
loop power control commands;
FIG. 4 is a block diagram illustrating a method of gederaﬁng metrics to
25 Dbe used in the in the determination of a closed loop set point; &;md
FIG. 5 is a block diagram illustrating an exempléry apparatus for
calculating normalized signal variance for determination of a closed loop set

point.



WO 02/ 0G3795 PCT/USOL/sl G~ 7 FIG 1 illustrates a convéjnti onal system for
generating closed |loop forward |ink power control commands at a subscri ber

unit. A sy, {9sreceived at an antenna, demultiplexed b WM Ll Pl exer
122, ands\l"ﬁgﬁ}oﬁé‘?ﬂ ded to receiver (RCVR ) 100. Receiver *ESSR%%N}(gJonverts,

anplifies and filters the 5 received signal and provides the received
signal to denodul ator 102. Denodul ator 102 denodul ates the received signal.
Wthin denodul ator 102 is a channel estigmate generator {not shown), which
estimates the channel characteristics based on a transmtted signal with

val ues known to boDETAILERORSCRIPTON OF &SHE/EPREFERKREED to herein
as the selected power controlled 10 signal. The sel ected power controlled
* signal is denodul ated and the phd3eIB@IDEMENSESi n t he received signal are
resol ved by taking the dot product of the received signal and the pil ot

signal channel estimate. The denodul ated signal is typically provided to a

" dei nterl eaver 104, ich reorders the denmodul ate ynbol s, i n accordance
with a predet erSﬁmggﬁﬁcﬁﬁé&mﬂ%dwr%tpre&@%@@tgeadg?@apl@mng dlpge

provi ded= t C I e fde e I rect opf,l 0 I rayi ded

to a cyg”?i goggdgjgﬁ%er{c?agﬁreékoﬁcégg g?lswcpﬁgcl el gfrren 10%?50%@%&@&1‘%# enent

107 | ocal | yeopem@madationg syeten®f. SRehh hietho@m dbpedaitpdeeidather e CREPAr €S
those locally generated bits with the estimted received CRC bits. CRC

check el emsignaleArgewyiptesery inishart buzet suvhi that packeb br fame¢mokiatgs FER he
CRC bits to r ol pri’cesfaor eﬁo. I n filddi i on, decode;\. 106 maci/ {‘)rQ\Eii de
other qual iFy" ek FAEOt DG EFURASA AR e IPTEOSRT SIS NI TEROT REQVIHES
control pr k- £k nsg, t L @ o] P i.ther
t he decodegaCI(‘:ﬁr%g&rr}E1 of d%)#aa%@%%sﬁgngﬁﬁﬁn%%?gﬁggﬁgﬁ %m%%vg%gr zﬁ%f S{éé rame.
25 I'n any owithvot adEREFER} tetimbtegriecars aBonmnusal tpampoovatieeadairgey df |
conventional systens, the performance |s determ ned based upon the frame
error rate @Hef Heop epaiforpangeyyanen Twehs peftfpatesr dp  begoanelpyailableon The

aver age recei i | ;. ojse rati SNR)_.of .t he .recei ved signal,, and

ot her qual i(ﬁ%/glﬁg%(f F%%%dgéggﬁeﬁsﬁ%%a%héﬁre&%ﬁ %/aéﬁsé rgﬁeoJlFC. € e%w?rhﬁ(%‘ir%lrlree&er ror
rate is | e%%@aﬂ@@n?tﬁe Fdvavdrar ek, AH@E'I%I%{H}P'IM AbSmaliztel PO ceIThE Yonapl
point is decfeased. Conversely, when the’frane error rate is greatgrrl t han
t he target dneagp (arC4l) foneach padkéDid égirha @8y and Phd At dfage Nisaler-oft loekebt

poi nt if i ncreased. In onq(le mathod_for adjusting the signal to noise ratio .
t hr eshol, fingersare yse weed fo deferming thagower emirqlvet Poibsr ge anount, for

cxampLe | 05, shengy Bl R AATRMRE 4 Rcf ShRu R MR gl e ™
properly dessifledf a closed loop power control system. In an exemplary embodiment, the
method and apparatus are applied to a packet data transmission system. In
packet data transmission systems, data and signaling is transmitted in bursts,
20 while a significant period of time may elapse between the burst transmissions.
The exemplary embodiments are discussed in terms of a systém optimized for
packet data transmission in a wireless communication systefn as described in
detail in copending U.S. Patent Application Serial No. 08/963,386, filed
November 3, 1997 and entitled “METHOD AND APPARATUS FOR HIGHER
25 RATE PACKET DATA TRANSMISSIONMETHOD AND A;E[’PARATUS FOR
HIGHER RATE PACKET DATA TRANSMISSION”, which 1s assigned to the
assignee of the present invention and incorpotated by reference herein. The
disclosed embodiments may also be extended to other proposed systems that
are planned to carry packet data transmissions, such as the Telecommunications
30 Industry Association proposal to the International TelecomrrIunications Union

(ITU) entitled “The cdma2000 ITU-R RTT Candidate Subzénission” and the
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5 Control processor 110 provides the set point to corrparaft or (COWP) 112. In
a conventional pilot assisted coherent comunication system the signal to

noi se rat%%%(@@gi mat ed based on the pilot signal. An qu;HqJ/ ruy/s(;p,gs hod f or
estimating the signal to noise ratio based on the pilot signal is disclosed

in copending U S. Patent No. 5,903,554, entitled "METHOD AND APPARATUS 10
FOR MEASURI NG LI NK QUALI TY I N A SPREAD SPECTRUM COVMUNI CATI ON SYSTEM',
assigned to the assigned of the present gnvention and incorporated by
reference herein. The denodul ated signal from denodul ator 102 is provided
to signal tBumpieas Tedoonmanatians St{r8NRIAAD)ute @BopSsgrtal the dnteohstgomat i o

| cul 108 15 he si I d h h
- Gompdul at edl SyHEBRETRRIGSAaT GDhe TR NI REeat i Rasde .
shown). In ggglésggﬁﬁma} ITUgﬁﬁiT’f[' &ghaﬁcfag%sgg%}jéski ;}.’.ECEI ved in-band energy is

provi ded to sign 0‘norse ratro ca Signal to noise ratio

*cal cul at o 108 GpRer Al 65.AN ASbHITALGS0lar! DE 38l WA BleS Gl bRagfarbe

recei ved signal and provi I's és conmpar ator

conpar at or gddsmithe] esbhoBtSgrstd ghahat gaél&it&ﬁ frahieOedrdr GARRAPER vt HER)he
power control |oop set point provided by controlmgr ocessor 110. A signal

i ndi cat i ve @nnotderestimatedacenratelgnpad ondheiferwany linkdvherepbagqrilasignal bi t
enerator 114. |If the estimte NR i s, |l.es han t he t .poin t he ower
Ie oot vor By HhiN Bl ol e dgdfratd Sammdly RS e bbcdutg 18

: i e . ot o / > ST _

Lol vt o CRCPEE Bl ARAR bR A0S A hidh Toi ATl Bt ddjubifent

generat or ldverpreivho@s PERTEBERp estiagites tfiorg Hbdicatdde pomaits obritroliel deilotce
decrease the energy of its transm ssions. The power control nessage which
i s a si ABl echsinnelse shegmbpdifnentsigag alsebaosed imsenjunichgn deih sech estithatesase

or decrease its transni Ssi on_ener by a predeterm ned anmount .is provi ded
Lo punct ur | RgUBPERBNEE 2998, S CHPeIpoD RisTermaps; walerpeaon eeyafés &g, g
el enent 118, ¢fE@lyes pilot signal frompilot signal generator 22 and
punctures . the power control nessage into the pilot signal in a

predet erm ned fashé lisclddtel RnlidiffeanN destriléd Wity (he BeNeFd IRIM pelwedat a

is then conbined by conbiner 117 with the traffic channel output of traffic
nmodul at or acwhivell sét panérbaSed| @mem atidficialihereadedi ie cerodranate] wereze each

upconverted, filtered and a ified for transm ssion by the transm.tter
116. | nlpespdHidaly bik rf@n%ﬁ}%aﬁsﬂeﬁr §?§g€§{n @ﬁ@lefkéféﬁwtafcﬁniﬁgna

i ncreases o0f..de S t.h e L] t 1SSl 0 Wt . er m ned
tachion TrdisBIERERSERr A A RCGa Bl bP o' ARE A SO Boert oy BERDSAEHL 00
br oadcast bmea@eta%bmn@, déferhiinEdl Gid ditioaBll ¢ XaRE@rHaRED it e tng¥maAizert hod
for determning the forward |ink power control set point is illustrated.

Unl i ke net hoardatasr ofdideaignaliengrgnéopsiganl woneise intselerengenpep FCGbhiorreaghr se
link the di Sg'clk%% %gd additionally employs the number of fingers in Iock to determine the
20 set point. By employing these two additional factors the? set point can be
determined to provide a good indication of signal quality almost independent
of the channel characteristics, e.g. different Doppler spectrum. Thus, it is
possible to determine the forward link closed loop power control set point (T)
based on these factors. |
25 In an exemplary 1S-2000 embodiment, a Power Contré)l Group (PCG) is
1.25 millseconds (ms), or 1536 chips, in length. Each forwarngCG contains one
power control bit (PCB), or command to either increasle or decrease the mean
subscriber unit output power level. Sixteen PCGs are transmitted in each 20 ms
frame on a Forward Power Control Sub-channel (FPCS). The FPCS consists of

30 PCGs punctured into randomized positions on the Forw_;ard Fundamental
Channel (F -FCH) or the Forward Dedicated Control Channelé(F-DCCH).



l
enbodi nents do not rely on the pilot channel. The pil ot éhannel can be
relied on in determining power control set points on thel!reverse link
because t verse |ink pilot channel is dedicated an trolled
even when 't %ﬁ%gﬁs no traffic transmtted on the reverse Ilnaﬁﬁgégggse t he
f or wad Iink pilot signal may be shared in a Code Division Miltiplexed (CDV
schenme, and is not guaranteed to be power controlled, the disclosed
embodi nents enpl oy novel use of other fogward |ink S|gnals The di scl osed
enbodi ments enpl oy synbols, 20 channels, or signals that are power
control | ed basedFliéh ih8hchatesels cmmmﬁttdmﬂussysferhhﬁvrsgbﬁ@&hhgr closéd .lobp, in
an | S2000 or WCDMVA system the pilot channel js dedicated and_ power
* control | ed foswagd élﬁ&d?qwer gqmg%quommanﬁﬁ at aﬁH‘éSCﬁmeét‘méha‘hﬁ@naé ngwaﬂVﬁdy be

enpl oyed. e skjll t_o ing of ;s

1T sy rat ectt ArptieRa; Behifupldett b SRRSITHAHELIRE' oB8RR) Weiod B 25

' omi ssion orrdegiver 3RUVI§I) 260.t h&edharS100 HH%r é‘&%r?sn%rﬁ‘%lﬁﬁ&uhngeﬂ%ﬁs'ﬂﬂ@ from
t he scope of the disclosed enbodi nents. di scl osed ‘enbodi nents are

descri beld ireceivedcaigrestt antl @de:dsom]ees rédemwzlers;lgmaﬂe tdi slehosledhtenbdd2.ment s
are equal ly appldélgibl e to oth r ?‘I ation technjques. In step 200 the bi t
error rate Bemedivatertldd ulaisihereedved AgaRl I HNngsEspgmaton

conmput ed. The t n Y, | ..L.h

el cat ed ancovEr Sl RenfRar faB AT dhuct MR dipe tb%e%éiel-
the WO L@ie(r&@t@ﬂ%cslﬁaw bRSY tdarlstli#6d 4sigisdll wethedalsied NalowrOne 1sd¢hl thed in
the art wll readil yamjfprem ate that the d| scl osed enbodi nents are equally

appl i cabl e ltr@nmlﬁéﬁrd o t&m@cewmlz, r@fartechtaebergindagp Hweseleded [p@weed:oott@&lﬁél
crbodi b, She- aes see g adrut tomtaind sihker s ilale ot Midberpcs
consi st's of rﬂﬁ%h’a 4 su}ga' réclgﬁi@d 1GREWERIved B? t@gﬁg’rthﬁﬁc}tgﬁoaﬂasﬁ ther

unit instructi SCr It to ralse o outp power

order for tmemvlmigmlruﬂcbthe:pﬂmﬁgaalt chdihet estiatd. yThe demoithldngdtsignal
subscriber unit, the punctured PCBs are al so power controlled. Forward |ink
PCBs are pulictymiedlyi prayided te aFéﬂr@¢rl¢aV|9@:d|q4r vihaet rearslesy theydenwdulgedsence

O o1, RSB R A bl DS SRR B B o1, TS
power afsa correthe l@yedereBUgy ﬁlBofshﬁréjg%G videgds %E@&éxe'ibét | $hie AdecdbldgdPCBs
punctured into the FPCS, the Treceived PCBs are enployed to generate bit
error and vwmbo]searaﬂhenaqatmaﬂlbrepmvmm tdar cyetic tredundancy check (CRC) bit
check element 107. CRC check element 107 locally generates a set of CRC bits
from the decoded data and compares those locally generated bits with the
estimated received CRC bits. CRC check element 107 provides a signal
20 indicative of the checking of the CRC bits to control processoi 110. In addition,
decoder 106 may provide other quality metrics such as Yamamoto metric or
symbol error rate to control processor 110. In response, cor{trol processor 110
outputs either the decoded frame of data or a signal indicative of the erasure of
a frame. i
25 In any communication system there is a nominal perfformance rate. In
conventional systems, the performance is determined baseéi upon the frame
error rate of the received signal. The frame error rate depends on the average
received signal to noise ratio (SNR) of the received signal and other quality
metric(s) related to the received signal. When the frame error rate is less than

30 the target frame error rate, the power control set point is decreased.

Conversely, when the frame error rate is greater than the targét frame error rate,



15 To conmpute the bit error rate for the selected signal, an actual bit or
an artificial "bit" created fromsanple segnments of the Sel ected signal is

conmpar ed {Q) @uiogshol d val ue of anplitude or sign. The qu(qﬁgsgg saygnal Bit
Error Rate‘ (( S‘BEI%) is calculated by dividing the number of erasures in a

group of bits by the total nunmber of bits in the group, i.e. 20 SSBER -
(nunber of erasures in a group of N bits)/ (N, (1) where Nis the total
nunber of bits in the group of bits. N g the total nunber of 25 bits per
group, and T, conparison threshold levels, as well as the length of signal
sanpl es, ar thesyspeintdesigreapert alreore method doreagiuating iibe ihal 6v noiseatting

- Gopendi ng PSSl SR ARRE Birdised 3 selnbgly a%??rr'é%u?' RO
APPARATUS i NPRLACR, MG IRENEM el i M (. [Clony a3k ofiedsibha Ha%}cgﬁ%gaee of

t he present I nventl on I ncorporate Yy re ere

152000 or WEDMhdid sisedecreAseddiblyo0.0¢ héBnehehsvededi feainedisapeoele deedddd.ol | ed
for the subscriber station, the SSBER can be generated from t he ﬁl | ot
channel Bi grantrohpresessen 5 prastides theoset point 0 eompesitos(COMIITIZ. Ina

pai ot Appl FERET RO PobRae0sShe ght PP PEn R ABBARRTLS RolE

DATA GO LT R SO EPe 2L B ATk Al B XAl T

i nvention aesixrﬁammgahpcmgmaﬂdtobyoxsefrenerimedeanelthe pilot dipraleicedistlasyd in
enbodi nent, the SSBER is cal cul ated for the Correct amplifiide val ues

for the PCBgoreﬁf\élng dhd- PatenbdBoep PB#80 ‘b@ﬁﬁle\ﬁheMFaT&é@Q VeNRoABBARANEES ¢ he

recelve tu c rogs er gp

setti ng ' Qg{ol Et%i‘ g:%iﬁl\i udeﬂ@IQ LHPXCB ﬁ\E A gﬁ%&q}:omarﬁﬁﬁR@M
absol ute anQbMNﬁ@NY@AlIQON SY@TEMYGI B GBtbOtEéﬂeasIs holf dihel fpre&iat
absol ute anplitude value of the received PCB is |less than the threshold

t he recei vethve@Bonemgrinsexpaatedrtasteference heiein.error, namely if ~ A, ~ < T,
A is abit erro Inanter enbdlrrent

the sign of a rei@? %gqe‘ihﬁéﬁdo%gﬂ% %giﬁf.ﬁé@&ﬁuﬂﬁoﬁgﬁ%é‘? &8y H@ Bf the

entire PCB. iBec | a to
tep 202 28T tebE et GRISRERLES 08, SRR IHGRE g oREREBE g
Whi | e the S&HhPuts thel @gﬁ@l ércergjnebafsécansﬁ thier @fer gatof , the tdenfodhlaRdasyiribglsi on
of vehicle speeds and other channel characteristics. An exenplar

enbodi nent a@@cnpuéérmnrf@tehd@am@} e@t;mggnewgolf gnott ghowsn).edn astditien; el e

speed by usi.n n rrral d varl of , the received, sj.gnal

e Gescr i botithel BiCTERT t frcrastivel Sk b rovtiet B fsrel I ARRE osed
| oop power gy Eél&ulﬁ%f‘md%l%ﬁﬁ tBr ”Pahbedélc%@é)co} '1U§§bH§Eat§§é}P@s‘irméte%f 16
PCBs are transmtted every I'n the exenpl ary effbodi nent

t he: nor mal i gedsigngh&b rodsee raticaot ahearea:esvetbfmgmdj aast pB8ivides tRis'esjithate ROf ~) ~
P(~t)2 - (3) P~~z) P(iZ) WD 02/0G37~I'S PCI/LISOL/SIIl~-4 12 where p(n)
is the ABastBBRaREIDf the FPSC during the nth gane, p(ra)y is the

cuerage of e SSegs A6t g hel A8 MRl s, I SEAERRl, REBR R oo
or fractiongle power control loop set point provided by control processor 110. A signal
indicative of the result of the comparison is provided to power control bit
generator 114. If the estimated SNR is less than the set point, then power
25 control bit generator 114 provides a message requesting thait the transmitting
device increase the energy of its transmissions. If the estima’iced SNR is greater
than the set point, then power control bit generator 114 pfovides a message
requesting that the transmitting device decrease the energy of its transmissions.
The power control message which is a single bit messége requesting the
30 transmitting device to increase or decrease its transmission energy by a

predetermined amount is provided to puncturing element: 118. Puncturing
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PCB squared for the current frame. 5 It can be observed that the SSBER and
the normalized signal variance have different trends with respect to
vehi cl e . s, it is possible to construct a linear ipn of
t hese tmgwgﬁgﬁ?ﬁpfes SSBER+ al p, which is nearly a constggggbnﬂgﬁgndent
of vehicle speeds. Practically, the average estimtes of p and p'' can be
conput ed by passing these estimates through a 10 single pole | ow pass
filter defined as: P(~t) = c~"' P(~t-1.)gc~ ~ p(~z) (4} and p2(~a)=c3 ~
pz(n-1)+c4 ~ pz(~a) (5) 15 where fi is the franme index. \Wen the sel ected
si gnal var @emenmal&meqewasaplhnlsgreﬂi ,frcunr]n}ocblmgﬂazb\gepemee&l tod pueptided. | n
step 204, Re nunber of fingers in |ock is computed., In the cess of

O BRWRIHETA) VAR g the B oligReldBruRRIdsidanes S@a%l%

e e S e e S

" strength i 811suw1ﬂcltﬁ@ttrhfﬁtt chamteq &@ﬂptumyopftrmt NGodefdtof Gl Redsh tdaﬁzefl nger

is said to be "in lock”™. In the inproved enbodi nent, the:inpact of nmultiple
fingers s adempend2. eé[lfemomblmelkuhagne}searsenpmmtted filtered end afmpliged
aver age nunf‘(o)er of fingers that are in |lq 25 (Nf I n.the exenpl ar

enbodi ment ,1Oh tERASINSFRG: PHn t3e TTARSHHEEH 6a 1l ﬁ%%?ro 58 tPnﬂ}eoERWieE BHtct ed
for each P%esslage%h?l1§xﬁ'gﬂ£ﬂt¥ererf'i@dgﬁﬁ(%se]st BE ausk E’bgﬁergg BN rs |n

| ock is conpute the nunb ingers in for ch P

the frame anﬂmﬂm‘ssldnsgnba rhaeﬂeuﬂmea*d GdshiRézs T}IEE @utp@trref tfaanhiiner filevs
proceeds to ste c§e206 (12/U13796 PCT/USU | hU(i-4-4 13 1z1 step 306,

the set p0|R¥’PVF e 32 @@Wﬂtﬁﬂﬂwszpf broaglcapt ynar ahtemingt i ng t he set point is

to gene ) _that i a function of, the thre tors.descri bed
wbove. 10 the enBbiGd HheStRET, T RO SRR R dRrtborCor e Rafis e

addi ti on offoBwhed nﬁﬁl@?}SoWEr 3co‘n’c1‘8)?3<fetf g& il | RNilRfstMted t h@rﬂiﬂ@%ﬁet%dg iggers,
works 5 quite well t he exenpl ary enbodi nent, the metric (rl)

gener at ed idetexminidgnibe potver tdoatdodldebvpaigt emu&te eaverné rljnls the dlSClosed
SSBER(n-1) +al p(n-1) +a2N~(n 1 (6) where, in the exenplary enbodi nent
r~(n) is tHanbediments sjo nofer )appé ¢ pilet ﬁ:;lannel The pilot charinel can be relie

on in determining power control set points on the reverse link because the

15 reverse link pilot channel is dedicated and power controlled even when there is

no traffic transmitted on the reverse link. Because the forwafd link pilot signal

may be shared in a Code Division Multiplexed (CDM) scheme, and is not

guaranteed to be power controlled, the disclosed embodiments employ novel

use of other forward link signals. The disclosed embodiments employ symbols,

20 channels, or signals that are power controlled based on the cﬁannels conditions

of the subscriber unit. If, in an 152000 or WCDMA system, tl??\e pilot channel is

dedicated and power controlled for a specific subscriber unit;i the pilot channel

signal may be employed. One skilled in the art will understand that ordering of

steps illustrated in FIG. 2 is not limiting. The method is readily amended by

25 omission or re-ordering of the steps illustrated and without cieparﬁng from the

scope of the disclosed embodiments. The disclosed embodim%ents are described

in the context of CDMA phones. However, the disclosed ‘embodiments are
equally applicable to other modulation techniques.

In step 200, the bit error rate of a selected power contrplled forward link

30 signal is computed. The selected signal may be any forward_g link signal that is

dedicated and power conitrolled. In the exemplary embodiment, the FPCS is the




10 frame, SSBER(n-1) is the selected signal bit error ratie for they
previous ((n-1)6t) franme, p(n-1) is the selected signal variance for the
previ ous ‘QMZMJ%-I frame, Nf(n-1) is the nunber of fi ngers,;CirmSI,Pg‘}Mjn t he
previous frame, and a, and a2 are scaling constants. The outer | oop
threshol d can be inproved by accunmul ating statistics 15 regarding the frane
error rate. An error for the current frame (E(n)) is cal culated according
to the equation: s(n) = n(n) - C. 20 The set point for the current frane
(T(n)) is nodified according to the equation: T(n) = T(n-1) + DE(n?. (S
FIG 3 ill uslecdsiganl. deerpkifled ianbodirhenll refididy apppeniaiedbaf tre dclosed

det 1 ni t out I t i Th | ect i i i ved at
dever i g USISULr o 098 S BRI Ty sel seted Sonal L recetyed, ol an
(RCVR) 300. . ‘?Fo?fe‘élecrhlaﬁﬂgl &ﬁ%\ﬂg%‘éﬁ%%s JRARakdd gg @%FIni)blIstiﬁWC recei ved
si gnal . I'n $he exenpl ary enbodi ment, receiver 8 #own - converts the

- received signal Innthaesengdageembbliraenty@ieFRap)s phastireliihto #ryFFCH QPSK)
format and 30 provides the resultant in-phase and quadrature-phase

cormponent s the FBIGCE. The HIGH |dopsBmost ipopET/ wenglSieed 1backacqramands: or s
302. In th enpl ar nbodi nent,. a,  separate tri.c calculataor 302 is
orovi dod { FCEECR Tle BB g o BB 1By PTHEHPEE el LSS SmIoTR each
of netric ¢ 3062, i]:gj;g@é I I i )
304 denndul(%II@glIt @&?récgﬁvgg"fésrg elglﬁleecgi Si ngaIEI@IEIgrQIIS IYIS}I‘"III(eCE%t?o %SIOW e
estimates ofectibed tgcievribsagbacingd, thegnalctawbPCBs ane alpogyéwescdrtesibed.
denodul ated synbols to finger conbiner 310. In each of netric cal cul ators

302, sel ectEuverddink BaBsgye panetirad dnt doci-E6ipor &-PréHEregyplless afdbei ved

conbi nof? 310 orneeeBhRelih BRI AR e PREE SR ARSI o GERL he
detectors 3@8Cgl _%ﬁﬁf’{hl@@ té&‘ﬂfét hehsrhfttddén fdri8e o GRepaRReRndi Mk terishasdIBAT i C

calculator 302 is in lock. Diversity reception in a CDVA comuni cation
systemis wsbwekmbdvanroinect hevehr t Daadoi theddssaribieeld chavadterisiics iofi the PCBs
af orenenti oned U. S A Paten . 5,109, 390, Fi nger conbinper 310 suns the
denodul at edP$RITHEGEHIQ iﬂjﬁ%ﬁ% Hiforecetverghels FRRIEIRYFDIO SRt SF§hal

denodul at O.rasncigf?g'rian(,se%trh{geat%ﬁ% S%s%%Bé?uﬁIt.gnaI synbol energies from each of

sel ected signal “energy calculators and suns the nunber of fingers

determ pgd t o beTd Roh@ite e BItOMySherdtd gon i sdle@bd HinOe] §n ladtla0 Gt yahHe Nf.
The conbi ned sel ected signal synbols are provided to optional sanpler 312.

Sanpl er 312artidicialébis crended draod shatpdel seghentsenf thiegakecteslsigoil istcompared and
provi des the deci nat stre to..error detector 314, cause,.t he val ues of
t he transmﬁ%gﬁﬁnﬁﬁﬁd‘@%‘ﬁe&??fmtqck Phé&ec ?‘Geﬁeiecﬁeéf SIﬁIIarS@“eIgFW ate

conpri ses. GeRAR) A hieuA%ky afiarlAkaAbANS! BKIRAlnGSLIm Sepepl ! ed

or intact t e’ expected sel'ecte synbol sequence. e exenpl ary
enbodi ment , theltets et df ERASGh sherprdup,dee ei t her positive or negative 1
which are in 25 represented as a positive or negative anplitude

respect #%ely: Thus, whenever the denodul ated sel ected FPSC synbol has an

anpl i tude val ue i thip. a thresho range of 1t -1, 3 I irgnal

bit error is dec@%rgl by QIurx%IPéIde‘?erIcIr%F‘u?%AmThae RUNHer ng igeggt%ffejd&hg

selected sigmal bit errors (SSBER) is provided to set point calculator 316.

30 The conbi ned sel ected signal synbol energies, p(n)are provided to

sel ected signal variance calculator 315 which conputes the nornalized

si gnal Vo L2/ U\%ﬁe?rg?\l 1135the total number of bits in the group of bits. N,the total number of

25 bits per group, and T, comparison threshold levels, as well as t:he length of signal
samples, are system design parameters. An exemplary method for cteating artificial bits
and corresponding proxy bit error rates is disclosed in copanding U.S. Patent
Application No. 09/438,988, entitled “METHOD AND APPARATUS FOR
MONITORING TRANSMISSION QUALITY”, assigned to the assignee of the present

30 invention and incorporated by reference herein. If, in an IS2000 or WCDMA system,
the pilot channel is dedicated and power controlled for the subscriber station, the

SSBER can be generated from the pilot channel signal. An exe:zmplary method for



PCT/ USI | 1/ SOG-~ variance p (n) as described in equations (3)-(5) above
and provides the result to set point calculator 316. Each of netric
cal cul ato ovides a signal indicative as to whet her khger to
whi ch the{‘?r)e@?'i%%ﬂéal culator is assigned is in lock during Ptchrglgog/f%o}?? 5
Fi nger conbi ner 310 suns the nunber of slots for which each of the fingers
is in lock and divides by the nunber of slots in a frame to provide the
average nunber of fingers in |lock Nf. Fijager conbi ner 310 provides a signal
indicative the value Nr to set point calculator 316. In the exenplar
enmbodi nent ,creaingpopilot bilertor gatoris i lesed an rropesling&.SePatgy ppplivatipmNg. n

accordance \M uat 1.ons . - e. t i-Qt I i des
" the set poidr?{g’Wt oenglgﬁ%aﬁ\@%ﬁ%gﬁw%eég?\%{rﬁ%g %@gvﬁgmg\@g}szf and
sanpl es t o GLGIBD ILOOREGWERACONTRODIC SERROTNILIIN ASMIREDES $ PG EDD AfRA hods

are known in the art to est] {,he sigpal to noise_ratio. A sinple nethod
“for esti mt@@WﬁéiTégNgrﬁm’ ‘isélga‘égi?r%e arsisnef o D presartigyent “r‘?BH‘sEe.

Recei verg 1§n§(§}901ra§6qilﬁ,q{3feyeﬂcg%&q€s an automatic gain control device (not
shown) and the in band energy can typically be estimated based on the

scal i ng of the rlacHievexermplprsil ebpodimentyttherdiSBERy i galculated|foydhe d&CSrhe

si gnal ener can be.esti ed based t he energy. o e denpdul at ed
traffic or fg%/lrrsﬁ %‘?ﬁﬁal‘ie. ng%ﬁrfﬁéiﬁ%% ‘Fﬁ?dgafl ro s{[)%ﬂrﬂ’gﬂf' PHEMSVYHAI to
noi se rati : L-SEdO i ' . t 90 Lssued
May 11, ) o Qe frenRflres fhs RRERI Pl Paltie 1B thaRBe o GqﬁzﬁN%il’foéJsJAu TY
I N A SPREADRrEPEEIERM SOV INETRE @GN SSIdd anvpiittdei thragsildneauto(t)hand

assi gnee of the present_ invention and incorlporat ed by reference, he gicf The

esti mat 0 stqunparing theabeolute pamplidugde yaluscat the vasaiysddiEeB tadbe thyes

conpar at or h stimat.ed signal ;0 noise r8tLa i ’

threshol d vlil%gg a}’%@ﬁ%‘ﬁ&’ﬁ%@? V@gﬁ P{)Fhecf%%‘ﬁe&{ f@g&&% .%Sng\ggﬁfél?q%eghb%
transmi ttergeibh8ted POBRERpALeIGCERBER, bl Bil drdhls Mha®lPn energy is _
determ ned 1 n accordance Wl?h this conparison. The result of the conmparison

is provided to power control bit generator (PCB GEN) 322. If the estimted

signal to nqQis ner gy_exceeds the 30 threshold (‘rl]'%, t he pgwg conttol bit
i e gtati

e
generator 392 b‘?ﬂgvi de & nPssiyedr RitieATHg tHAgret r eno on' r educe
its trarl1§rri zi on energy. Conversely, WO 02/ OG379s 16 PCT/USOL /SIT G-~ if
t he estimat signal to noise energy is less than the threshold (T), then
power control bit generator 322 provides a nessage requesting that the

renote station increase its transmi ssion energy. The power control conmand
from pover lkomrnptierbembgdiment othe3sizn of 52 peesiveddradianlof | oIRGB rcagpdpe | n

t he exenpl ary enbodj nent,. th ower. ¢ [of0) tine | tipl exed
W th tratf EORPERLS MESER BEARF AOER by ARt MorSEry pan A todeted
Application i ‘[}l%n_, 68388 ogane skilled in the art will appreciate
t hat althou%??ﬁlf(?l%%t a?g%/d?n a systemin which the power control conmmands
are tinmgomul ti pl Bxetbp 20D, thee normakined tsighdl rearncef isléaldanted. t Whdeedent
invention is equally a%ol i cable to communi cation systens : in .

SSBER is related to the frame error rate, it is also a function of vehicle speeds

and other channel characteristics. An exemplary embodfment describes a

method for compensating for the effect of vehicle speed by using the

normalized variance of the received signal power or C/I as described below.

25 In the exemplary embodiment, the forward link closed loop power
control commands are transmitted 800 times per second, [i.e,, 16 PCBs are
transmitted every 20 ms. In the exemplary embodiment, the normalized signal

power variance is defined as:

30 ;0:\/p(n)z_%_(_n—)2 j/f’_‘i)i -1, | (3)
p(n) p(n) 5



whi ch the power control bits are punctured into the transnitted signals
such as in the cdma2000 or WCDVA proposed systems. The mul tipl exed franes
of data ayy Woat ed by nodul ator 326. In the exenpl ary?@tm ' t, the
nodul at i OI{’?%I @gwgﬁr ead spectrum comuni cation 15 signal. The ﬁrﬁg%‘f}zﬂ ed
synbols are then provided to transmtter (TMIR) 328. Transmitter 328 up
converts, anplifies and filters the signal for transm ssion. The output of
transmtter 328 is provided to denmul tipljexer 33.0 for broadcast by an
antenna. FIG 4 illustrates an exenplary enbodi rent of an expanded

functional g@.hl ;%‘15 it glg‘é@lgvg%d ggWeir of G PPé@t(Rfrﬁwegégxi%-ntﬁ‘ffrﬁf\@,VW"sﬂs%&e -

@
described, receiver (F\}CV wnconverts the r ved reverse lin
" signals to adasdanehd 5 BCherpy @A URE Rehdle tdrRthase PaIBE B ghalctirrdn t he
exenpl ary enbodi nent, the received signal is conplex PN spread using an

, i n-phase PN;,50048ACEANGs &Y WiRrph a3 ehENRIGAHSRACPOY JFet-h@sina hat

are well known 1n the art and 25 are de@gribed in detail in the

af orenent i OP@ESLilu&-ed%&Qmmmgh{ﬁ@fﬂeon Serial No. 08/886, 604. Despreaders
510 and 512 respectively despread the | and Q signals using the PN,

sequenceb Sini | aitlaan beopsaraddrihat the SHBER1oA d¢bpawrinabirgd dégml cadianice |
and Q signal s using the PNQ sequence.. The outputs of despreaders 510 and
510 are conbRiRAIreE tEwer valsreopre: dutpioepsed L aler Tepsie
subtracted u : r ' ' 0 :

U2/ 11 G379s (tldfg%? %1%#8#%@?gﬁ§ﬁe§€g%%%vgﬂ%ﬁ?g% s%% ? co%gf r‘{éee{ g‘ 51?[8 and
520 have t hgéarly\al sbneameifdspdridue dobyehickbispbediecomercti¢aity, theowngragand
are summred by accunul ators 530 and 53Z. The outputs of accumul ators 530 and

532 are a stftitpatesrofisendet icon g conpuded &gt passing)ihgse eshianaies Horadighy a

accumnul gtors 530 and 532 are 5 proviided to delay el enments 531 and 533,
respect?l e|§}ng%gr03§?0‘grpeaﬁ§ﬁff§r§§§n 445533 are provided in order to equalize

the additional delay that the filtered sel ected signal experiences as a
result of the filtering operating perforned by selected signal filters 534

and 536. Del ay elpgments pédilpng -p83d may al so center the Finite | nmpu(ge
Response (FIR) filter, if one is used in filtering. The 10 ' respective

out puts of amdrbi ners 518 and 520 are also summed by accunul ators 526 and
528. The out put of accunulLators 526 and 528 are a long term summti on of

t he sel ected si gqoé(;z)#q-@ﬁbodl)meqt-sﬂ\éwl)ere the conparison threshold (3
fixed, long termsumuation is not necessary, and el enents 526, 528, 534,
and 536 1omy be elimnated. The respective outputs of accunulators 526 15

and 528 are then appliged to sel ed si | filters 534 and 536. Sel ected
signal fil t@’ﬁ?r%ﬁlfg T3Re 1@%%mnéﬁegg@F%ﬁl%‘%ﬁldﬁﬂﬁﬁgeXﬁ A%l conditions
by determ nj ' Jaad: £ of the selected: signal data.
The out put %?g%l%@égélé&g?%ﬁglrﬁ?ﬁ% eS?lBSS g?id 536, as well as the squared
and sunmed out pulissiep 204} the whebends fihgdrsandobids ecoraputedutnt the probesasifol d
conparator 560 20 to conpare the denodul ated FPCS synbols to fixed

t hreshol d vRAKDS recsptionphe signplosgirongiiieal eadh @%Oéseéﬁﬂl anger i eempried.

t hr esholg ceqpar at or . 560, out S . [.Slon [an . of e P r, an
erasure %gpd?ggPW£SFe{1ﬁ@ BE‘%!E%F r{goet%%éérs %%6@@%@&&%@%@ h %&efs%gF & ?/’5! ues
are not fixgoh bRBiddd B9 B RAYE H&elverPVOMEM etk Q¥nilN@rdrl id KIfFACRUEWRL ON
out put of selected signal filters 534 and 25 536, rather than a fixed val ue
wi thin the ithisegbdhy ofdrgiag abfirccsBbined, the finger is said to be “in lock”. In the
improved embodiment, the impact of multiple fingers is compensated for by
making the set point a function of the average number of fingéers that are in lock
25 (N). In the exemplary embodiment, a determination as to whfether a finger is in
lock is conducted for each PCG. In the exemplary embodiment, the average
number of fingers in lock is computed by summing the number of fingers in

lock for each PCG in the frame and dividing by the number of PCGs in a frame.
Control flow proceeds to step 206.



In addition, the output of selected signal filters 534 add 536 are provided
to decimator 552. In the exenplary enbodi nent, selected gignal filters 534
and 536 a average filters that average the anpll L he
received se ect'ﬁg5|gnal synbol s over a PCB, or fraction 5?4ﬁﬁﬁggy4b

Deci mat or 552 30 sanples the outputs of selected signal filters 534 and 536
at |1sCB boundaries to provide the average synbols anplitudes for each PCB
in the frane. WO 02/ 0G3TI S PCT/USQOL/ @ ~~ i s The average synbo
anpl i tudes averaged over each PCB in the frame are provided to energy

cal cul ator (| Z+Qf) st5p 206 Bhersgypoial tutAtdatesh ATsufimst step inquaandstind the set
anplitudes of the sanples fromselected signals filters 5%4 and_536_ and

* provi des t hBOWESHIQ ameréwea Hetuig(Gbthat ds adBnaiienesEhg does fattors described

Accumul at o, 588 256 NI LER I ERBHENCST ADSRe OMRL 1 B LEBIR Gyl on

and out puts e ac urrul a y ‘t'0 " set poi At
addition, thedidbar KoL tdreBrenas aYliNdl Uahiclic® Bf QNEfHBYnEdiber b@ﬁﬁge@‘@vcﬂk@
provided to |low pass filter (LPF) 556. In the exenplary enbodinent, |ow
pass fil berqa66 welipulreshe hexeavysagg enseddiotend, sheymattricy (Mols gaeelgyeci)\mr
mul tiple 10 PCE%11 and provi ﬂﬁf?th' s value to conparator 558. Conparator 558
conmpar es t h&® %ng’é“’@ It WINgEAUadoRhol energy to a threshol d val ue and
based on this conparison determ nes whether the finger is in |ock.
Conpar ator 55S o ut [ K npari son to finger conbiner 310.
It will be underIglﬁngods;‘?sl:?]ﬁg(rrlleﬁig|plkrll 2d+0%§g?f\12 art that there are many
vari ati ons on t hé)net hod presented 15 herein for determ ning whether a
finger is in lock and that the nethod present is for illustrative purposes.
FIG 5 illustrates nexe Iary nmbodi nent ornmali.zed sj gnal riance
cal cul ator $H6re1 A ERBOEN o el i B Paprif 1oy b oersdl (T orm
accumnul gxpor I
Sumed (4 f AR gégﬁﬁﬁﬂé?‘ﬁ% O S et R bR a8
squaring el fram f0d) i$ nhe fseleeteii‘rpiga\lay vaniande fenthe lpowvipas S(-1)dtefrabfd) i s a
single pole I IR averaging filter that conputes the average synbol energy, p
(~a) , of tNd “C]ér’f’é)fffrﬁeldlug’g’leé@f sargeymipdcle e thg Prrdeun P Prad o ARE GHATAL | on.
In the exen%a? % enbodi ment, the average synbol energy is conputed in 25
accor dance Wth c&aat[ap (4) above. The average synbol energy p(r~) is
provided to squawrh@%ﬁéxen@cgs tRREhoMN kAR U@Iﬁ%ﬁ%@v’?‘ed B? SUBNHaRhe IRSHAURT age
a synbol energy, p(n) , provides the value to a’first input of sumrer
56S. Squar i regaediegetite S6megermoesatdie Anpeibudies tife cherenodnfpame d(sgyirisl
ener gi es and provi des the squared anplitude values to |ow pass filter (LPF)
30 563. LowcHsrlated aqegrdingdoithe §qualionjl e pole IR filter that conputes the
aver age of WO (121 (16379; 19 PCT/USU /sAi~~ the squared energy val ues
over the frane's duration, p(ra)2 . ~ The output from|ow pass filter 563
is provided to ag@peqs) sommi ng input of summer 565. Sunmmer 565 conpytes
the sum of the square of the average synbol energy, p(~a)~ and the average
of the squared synbol energies , p(n)' and provides that .5 sumto the

numer at qQr ut of .djvi 566. w Sy fi 62 al,so provi des

nver age 2t ThEsetopinkpriRe coreat FAMAATER B MRGEST Srepai bR P SN R een
566. Dividing elenment 566 divides the sumfrom summer 565; by the average
of the squared energies fromlow pass filter 562. The result of the
division is provarggd T@- BAVARLR). root el ement 567 which cal cul ates theg)square
root of the

FIG. 3 illustrates an exemplary embodiment of an apparatus for

25 determining the outer loop set point. The selected signal_éis received at an
antenna, demultiplexed by demultiplexer 330, and then previded to receiver
(RCVR) 300. Receiver 300 downconverts, amplifies and filters the received
signal. In the exemplary embodiment, receiver 300 down converts the received
signal in accordance with a quaternary phase shift keying (PSK) format and

30 provides the resultant in-phase and quadrature-phase comiaonents to metric



10 division perforned by dividing el ement 566. In the ex!nplary enbodi nent ,
the square root operation is perfornmed by neans of a tablie 1ook up. It wll
be undersagﬂﬂmhﬁggne skilled in the art that other nethodg QRBﬁﬁﬁﬁiﬂining

t he square root val ue are known and can be applied to the gisc osed

enbodi ments wi thout departing fromthe application's scope. 15 In other
exenpl ary enbodi nents, a nean variance may be cal culated fromnultiple
variance val ues produced by nultiple norpgalized signal variance calculators
315. For exanple, when the selected signal is the FPCS, two nornalized

si gnal var icahméatosd 3081 alrotte SEhnEney esbddimdast, acepatdte eetsicgabdulatar B8Ace

cal cul at or 315 cal he variance of .th s valued at positive 1, 20

I P
~while a sedéﬁ@ﬂé?%??t%%j‘ é’i‘%&lm% Fgw@éllq;gﬁ(bgﬁgxpagc%‘ig Y5 ates the
variance of 1he [ReBen/d HEfidt SRR S selbifed B3R BENBRERGP U NG L PCS
signal is calculated fromthe TWo I Adivitaos y pr&duced vari ance val GEs.

" Thus, a novgkMEDM) B0% ' QMBEJAREAOTha Nk caiRRar séldaeliOkighal efymhbilngtrblie ftorward
l'ink closed | oop power control set point in a wrel€éss packet data 25
conmmuni cat ipovilesegimhwseofbdenredeivedi debattedr higzel efmblold And rprolvidesr thoseul d

understand that ,the varipus illustrative |ogical b)Jocks, npdules, circuits,
and al gorit %‘ihélﬁgedd@é@giﬂgeta fil}geéGHﬂ'@é’t‘?ro}i&MC[Pr?aF{\é’?E‘P‘Fﬁﬁﬁicﬁgﬁ?goﬁq %(E%'os ed
herei n may i . i I , r
Conti nat § s pERET kG B2 ARId O B0G ORHE e OB FedRld Ml
30 circui t sigidltysiais ahdverdiedd tiieswabhrd gangtel byfingert@mbinef 310ieiln

functionality. WO 02/fl(i37JS 20 rcT/ uson~-0~~aa \Wet her the
f unct i onal iadditien,imsaschei meeirissaleadatars 02 lockadateripes Hpdetarminsowhether

i N i d i ai i .on_th cal l.
Roet om 18 PR rlndPnadiBE 800 R R, Gl Sun RO 3 i fa O " B BRSAE ana
sof tware U%F{Pﬁ(ﬁ?ﬁ? aCCDMABL ARG RhicaHih BRMERESIwbD Urithhe & the REaH@SEr | bed

5 functi onal for each particular application. As exanples, the various
i |'lustrati véestrbed al dbtadlcinsforamentémeddUrSe atent N @, OG0 t hm st eps
described in connection with the enbodi ments dj scl Qsed herein nPy b%

i npl ement ed or JEREST FEERINEH 3&0d$‘§iﬂﬁa'lhesid@md‘ﬁiﬁ‘@ée geted peignal gymbol

application_specifdc in rat i it ial,d progr ate
e BB Gy BAAPER BT Sl (Ol T, 050" BB G
transi si9r JisedlGynthd Gl gied #FEHHEL @pga@a@atﬁgrsalcéﬂeagﬁﬁy célctlatorseWesheds and
FI FO a procéssoi executing a set of firmmare instructions, any

convent i onadums tur avmiver ©f Sivigeveadetenmingd tahe im lgromepsiide the anynber of
conbi nati on_t hereof. TVhé gi\ﬁ;essor may be .a mcroprocessor, but in the
al t er nat i veingegg plaskaedy y be any conventional processor, 15

controller, m Crﬂ?@@é&p}%ﬁsﬂg{%ﬁ%@r&b@?ﬁ{ﬂﬂ?am@@\&@é& Y@Bﬁﬁgﬁgpﬁﬁg&lgd

reside in RAM nenory, nmenory, gisters,

renmovabl e d31gk, SamPRrREI2 detintdtys ehdeleniaduintll sdledted sigredi symibolostredn t he
art. Those of skill would further appreciate that the data, instructians,
comand2) iardbpravidenthedegimated piream toyerras detectpr 34 Becausatheapluss ofo

Corrente.  oMEUTHERal Ban080 8 KERSHLB IR raffaoREERM S sffiaRe®
fields or p@rﬁﬁﬂig%h@fe&we&mt@@%igqmg 8P Estihfes RIRMh S GlegadtRbi on

of the preferred odinments is provided to enable any person skilled in
the art to thekepectedsseledied digal sgabodsbquéntent]s. the2Sexeheplary eodwdiment,

Tt o LRSS INE 5 ke SRILY apRar e R0 LhoSg

appl 1 €9580 SHNElenfP A L FsMittvaol BRUhHE Erdfiftubl bYRctiRUR N THEs WikhdVer WO
' the demodulated selected FPSC symbol has an amplitude vialue not within a
threshold range of 1 t -1, a selected signal bit error is declared by error detector
314. The number of detected selected signal bit errors (SSBER) is provided to
set point calculator 316.

30 The combined selected signal symbol energies, p(n)é are provided to

selected signal variance calculator 315 which computes the hormalized signal



PCT/US(I11/sl 1 G 4-4 Thus, the disclosed enbodi nents are nét I ntended to be
limted to the enbodi ments shown herein but is to be accorded the w dest

scope congbhshRRi- oM th the principles and novel features di herein. 5
VE LA MO Fl}(7%.2/ 0(3795 22 CLAIMS i PCT/LISII1/s06- 4~ i LEUE T

forward |ink power control in a wireless ' 2 comuni cations system
conprising: selecting a power controlled forward |Iink signal; 4 calculating
a bit error rate for the selected signah; calculating a variance for the
selected signal; and 6 calculating a forward |ink power control set point
from t he bivariancep (npae dasdiledenvariagions.(32(5) Bhevemndqerovides! the medultvber ei n
the selected signal . is the 2 forward |ink power control sub-channel. 3. The
* met hod of éﬁ%Pﬁ?@CFEPEﬂ@¥3¥%nprising calcul ating the 2 average nunber of

fingers in |ock E”b@ﬂ Jf%{eﬁfaf catAGHI-8 Pg%%&f&f%%%aévi\gnﬂ DK BANE s GBRE R Ghep O

poi nt from the number 0 ngers 1n rel'ess conmuni cations

' receiver CORPfingleR%o whitRahe rh@ticS@l@gitonds asReMed iLRNMICR! digthd aiamaiest. | i nk
signal; neans for calculating a bit error rate for the selected signal; 4

means fdr dahged ambigen310isums the humbeh of shete dredhivhgragh ;of dnelfingensds fror
calculatin forward,link power controol sef point 6 fromthe bit error
rate and tﬂ%‘ﬁﬂlépﬁ\gﬁb‘féde%gﬁ&@ Wrbee & itnithifc AN PERWLS dhe AVETREE m 4
further 2 .S} ak t] : B s in
ock. 6. TRIPASHCAREBETR 100k 1o ERR iRl 1P AR A indic e

means for gskéeghidly, & sdtpoiht Gbdhdatdos 3a6f orward |ink power control
subchannel signal. V1-"0 (12/(1(3795 23 PCT/USQL/ 5(11n~ 7. The wirel ess
comuni cat i ons radbe esemplary|eabedinygngr ssit ppoittiecaboiiatos Ble detssrpnessibe sgt
subscriper unit,.8._ A wreless.comunicat) r.ecei ver, canprisi a

sel ect ofd ARG B A OrEer BoriYA AL GRS 1 3¢ ROghar el atBtS at or
for cal cul LM A ﬂﬂbtse@ﬁd’o@ﬁt (4B, Jd%ﬁgéﬁ?oxsgi(ﬁck%gei%bxg@@é prdvide¥ 3ht BRCE

cal cul ator *for calculating a variance for the selected sfpgnal; and 6 a

cal cul at or baoxl saahplad & signabtof moisaratid caiéulptowed18c enlarge naetbepof ntethodsn t he

bit error rate and theI variance. 9. The w rel ess comuni cations Leéei ver of
cl ai m 8 whérgiknopdeipthepid do gptimgge the gghahly Boise s Setiamle methed igr d

link power egﬁ%a%‘%\lg fabghar @Sé:rg%}. 8@ 4ssume all in-band energy is noise. Receiver

15 300 typically includes an automatic gain control device (not shown) and the in-

band energy can typically be estimated based on the scaling of the received

signal by the automatic gain control device. The signal energy can be estimated

based on the energy of the demodulated traffic or pilot symbols. A number of

methods for estimating the signal to noise ratio are disclosed in copending U.S.

20 Patent No. 5,903,554, issued May 11, 1999 and entitled ’;’METHOD AND

APPARATUS FOR MEASURING LINK QUALITY IN A SPREAD SPECTRUM

COMMUNICATION SYSTEM”, which is assigned to the assignee of the present
invention and incorporated by reference herein.

The estimated signal to noise ratio is provided to comparator 320. In

25 comparator 320, the estimated signal to noise ratio is compared to the threshold

value (T). The power control command requesting that the ;i“transmitter either

increase or decrease its transmission energy is determined in accordance with

this comparison. The result of the comparison is provided to power control bit

generator (PCB GEN) 322. If the estimated signal to noise energy exceeds the

30 threshold (T), then power control bit generator 322 proi_vides a message

requesting that the remote station reduce its transmission engrgy. Conversely,



l

10. The wirel ess comuni cations receiver of claima$8 furtﬁer 2 conprising a
| ock detector for calculating an average nunber of fi ngerﬁs I n lock. 11. An

appar at usf o erating forward link closed | oop power 2 ds.
conpri si n‘é‘{o ‘%@?ghal denodul ator for denodul ating a sel ectpggm?/ﬁg’#ﬁ link 4

power controlled signal; a signal energy calculator for calculating the
energy of the 6 selected signal; a |ock detector for detecting the nunber
of receiver fingers i n 8 |lock; a signaljgvariance cal culator for

determ ning the variance of the 10 selected signal; and a setpoint

cal cul at or if ¢he detirantsdndiggalaofrarisaentrii ik lgzenean fli doethodd (Betipai ppwer VWO
U2/ UC>>3795 24 PCT/1' SU 1 /SUG 4, ~ 12. Apparatus for determ ning a _forward
“link power €BWIGIAIE geReratqsA2RProriiAgd BiehtRgedeatpPHinGithat the rerpaiecsipien ng a
selected forward Link signal_ hi r or rate; 4 and a calculator for
calculatindngﬁﬁg?Nﬁ#ﬁnppﬂ%ﬂg%ggéqgéntroI set point in 6 accordance with the

" selected signal g & cdrthsl- col%naﬁ@efréﬁpﬁi’o%éfscd}ftr@ Biitrgeiagrét&e@@ st he
calculator for 2 calculating the selected signal bit error rate, conprises:

a sel ect Bd picyidéd &y modtiptiseod24.alwihd exendplay ehdiddigent dbe pesvet atmtt ed
signal synbols; and a conparatoy for conparing_ the denodu] ated sel ected
si gnal synmb¥BIENds arer duer drpitiriexed) iy §F§"g@6n§é".a P8, AFH%” dhatthe of

orror v at o SPIRAPSRERLFVRRIRE 113 ARPHAIGH pOaEND s RRoRBL Ot Rk 0o

one channelinchar agit @Al ppiecidteafithtaal Mph AQRi0éd $8ta Ppitein Gakdutiaithe for
calculating the forward I'ink 6 power control set point 1n accordance with

t he sel ect epoweyaantrpl commandsrarectimadnuittiplaxed éatot thertsandmaitied| frames of
characteristic. 15. The, apparatus of aim,12 erein the selected signal 2
Gomodul dPordeGnihe pedtin BRF R R Shoelr P kab I B i atns "
estimate i n,ag 4.\ . | 2 | ) l.Ss d a
dot product cﬁﬁﬁ%tk %o?r %%ﬂnt%ﬁltl?lﬁga{eﬁgﬁ{(f&%ﬁg&;gﬁ@ggﬁ%/r\gggéc% ﬁgﬁ%{@g glﬁ%%
estimat e angh theedne2000ed WEDMAesropiogedbystymsol s. 16. The apparatus of

Claim 15 wherein the channel estimator 2 conpri ses; V1' 0 02/01379s_25

PCT/ US(1 1/i | | (i - Fhg multiplexed frames of data are modulated by modulator 326. In the
exemplary embodiment, the modulation is a spread spectrum communication
15 signal. The modulated symbols are then provided to transmitter (TMTR) 328.
Transmitter 328 up converts, amplifies and filters the signal for transmission.
The output of transmitter 328 is provided to demultiplexer 330 for broadcast by

an antenna.
FIG. 4 illustrates an exemplary embodiment of an expanded functional
20 block diagram of metric calculators 302. As previously described, receiver
(RCVR) 300 downconverts the received reverse link RF sigqals to a baseband
frequency, préducing I and Q baseband signals. In the exemﬁlary embodiment,
the received signal is complex PN spread using an in-phase PN, sequence and a
quadrature phase PN, sequence by methods that are well known in the art and
25 are described in detail in the aforementioned U.S. Patent Application Serial No.
08/886,604. Despreaders 510 and 512 respectively despread the I and Q signals
using the PN, sequence. Similarly, despreaders 514 and 516 respectively
despread the I and Q signals using the PN, sequence. The outputs of
despreaders 510 and 514 are combined in combiner 518, The output of
30 despreader 516 is subtracted from the output of despreader 512 in combiner

520.
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a Wal sh sumer for accunul ating a predeterm ned nunber off 4 selected signal
synmbol s; and a selected signal filter for |low pass filtering the

accurmul ataq)@g{(,%ged 6 signal synbols. 17. The apparatus ?Q;CT%S%BQ‘\&}
wherein the selected signal 2 denodul ator conprises: a conplex l\‘

denodul ator for denodul ating the received signal in 4 accordance with a
conpl ex PN despreading format; a despreadi ng neans for despreadi ng the
conpl ex PN denodul ated 6 sel ected signaljy a channel estimator for

despreadi ng the conpl ex PN denodul at ed 8‘l signal and for filtering the
despread si gnal ; Tharkspeddte punipdusdf combiners 518 and 3p0hhng thdieWidsh poosduct  of
the despread 10 signal_and the channel estimate to proviﬁ&e t he denpdul at ed
sel ected sigrHRPedyiibal WalshgDeqower {pph sRo 1) orndage sHgnem dyergrutmelatsbect ed

synbol 2 d | gt C i eea plural i f | ec signal .d ul ators

wherei n each o% n?h§§24 gﬁg‘% éﬁ%ﬁvso?’[_)gg‘f@%p ie%mcs)sl 8§§|a e??éau?lgt %rs"shoggqngﬁﬂl ates

" a correspo 'Hiirﬂﬁqaftﬂoﬁqgrth@fse&c@d\/ﬁgﬁeﬂt YTHeES@RIpY®d of ScdinRa t:s $8D aabieshasdranal
synbol energies; and 6 a conbiner for receiving the sel ected signal synbol

ener gi esb anprrdvided tovdiekiyne etnentssE leantd 833;i igapéctisreifpoDetaeelgirests 331 afithe
apparatus of Claim 12 wherein_the apparatus for. 2 determnin he forward
link power %@n??eoﬂ’f‘éﬂé‘fi\ggo%f’,fd@fruﬁ REHa ¢ gedifinal; @ﬂay thaf jthe dtered

leul y PO h | ! Se s . 0 th
PR L A e e S
performs thelsesdsignabiilters 531 A4l o36laDeRyelehmehbe53P0R¢E 588 nfdyoalab céatdrance.

V1' O W2/ U(~3795 26 PCT/USUl hU(~.t~ 20. The apparatus of C aim 19 wherein

t he signal ther Fimtse Impodsec Responsef GriRdefiberr Hi oge tiheusssl dut Blderinginalhe

vari ance,conpri ses: sel ect ed, si gn S ener gy cal cul.ator for

Comput ;18- SHBPETEE aftea RECTBREUEN a1t SRl ofea ) piinedy Mt aters
variance ¢ L,aHoEx4 or ThRal [ AN e [ f e 6
sel ected s?%zr?glaﬁgyﬁ%ol S. ﬁgl. hté %%Sg‘?g?ﬁ%t% %?gﬁdlgﬁahgféeign% t%‘f“gnm
vari ance 2 @ahmatianoof fthe sﬂ:ﬁ@ardﬁsgg'm@the ensh@tihethis ivghele W& camparison
conprises: a plurality of selected signal synmbol energy cal cul ators wherein

each 4 of ttheeshaldds B¥edilgnatersy siypmatingy i§yiat ieceasaro radcalempenissd26n8gi es

f the d | at ed..sel ected signal |s of,. di ng_fii f
diversity 6 TeabiVEP MRV ErsRAERare;  Eanbrmeny e RRiRl e st ilpites S2Pect ed
si gnal 3ymbgl$ 528 agdictheén é{%ﬁ@d‘ﬁ? s&ateed! sz%l‘gldl fledrs B3k GHdes3g) QSéIB@cers'igﬁd%ge of

the conbi ned 10 energies t he denodul sel ected signal synbols. .

The appar atfilfersf 584 aand 28B6wigenetate tdre estimadione of atheulchtinnel? conditionseby a

first filter for _recejving the_denodul a e%sel
$

cted signal sypbol 4
ener gi es andeteERInng e gsfimated fawer ﬁ%l0?§bﬁt§6 ecgwgﬂ@na dag.t Thet

squaring nultiplier i r [\ fa lﬁ{ﬁe I

si gnal synb%lﬁtlpglrtlg?é’(flleg%eg %%Egrflhﬁ% BEBEZdeI #%i?gg«%g%% a ege‘géﬁgéﬁ gﬁd;ﬁ ggilnbol :
energy to ps@ipui€ofteayeslagensBr AWl 533 8fd eihus tolothrenwlgontpaae 560d
squarlngonultlpller for receiving the denodul ated sel ected signal synbol

energi eglant® squparedhenhdemedatated EPGhadymbelsoto dixedgthreshald sakies ofed
filt f [\ th dd | at ed sel egted si | nbol
provide & st LOBragett dReBt hedplit Shodirsinigghold son einia oo or
receiving t‘g‘?ﬁ‘ﬁ@ b RIS Bhafe %géﬁgﬁf gtk ByBDEL aﬁrlﬁééi}’rquﬁiﬁaﬂﬁ oH4RE $CB.

aver age sel si gnal synbol rgy and for summ ng e
In other embodiments where threshold values are not fixed, the threshold value

is provided by the long term summation output of selected signal filters 534 and
25 536, rather than a fixed value within the threshold comparator 560.
In addition, the output of selected signal filters 534 and 536 are provided
to decimator 552. In the exemplary embodiment, selected sighal filters 534 and
536 are moving average filters that average the amplitudes of the received
selected signal symbols over a PCB, or fraction of a PCB. Decimator 552
30 samples the outputs of selected signal filters 534 and 536 at PCB boundaries to
provide the average symbols amplitudes for each PCB in the f;rame.



W O 02/0G3795 PCT/ LI S(11/SOG 1~ 27 14 average squared seliected signal

synbol energy and the squared average sel ected signal synbol energy; and 16
a di vi der wfPfyssegi Ving the sum of the average squared selpeqhRd:/Sl6d pal
symbol energy and the squared average sel ected synbol energy and

receiving the average squared sel ected signal synmbol energy and for
dividing the sumof the average squared sel ected signal synbol energy and
the 20 squared average sel ected synbol epgergy by the average squared

sel ected signal synbol energy. 23. The apparatus of Caim 19 wherein the
cal cul ator for 2Tbehvetageisyglohenipitneesialénagedower eadnPEBlingbe fracicdre

cal cul ates the set point in ccordange th a_|inear ination of the
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l'i nk power o ol'n onprlses

" conputing aéi\n@vﬁfcﬁgaeélufﬁéerreQiltefr{tn@ﬁéﬁgyl nvdlQ6K; tod arBEmebei MCOe appar at us
for calculating the forward |ink power control 6 set point perforns the

cal cul at 5onAnmm¢1&aiodaﬁ5Qeamlmlaﬂee the enaggy wirtherP@Bs dbiegerizaing dlmtahon25

Ina first co ctlon dewcl:]ﬁlwgi%hlch at |l east two, forward 2 ié‘n

channel s ar@&%r & agRgMpt ame eneTsy tQorhaPAint fCWAtaTnale-i dn

transmtted, I - e e cation 4
@aaﬁfoﬂg t"i’xe a{r&% PPES ghﬁ%‘?k L} fx{%'fﬁ aéﬁer%gy &@1%?6?“5?4 Qe

servi ce than enal ni ng or war anne or ‘determni ng

the forwar dpfom&e@QM®wcpdsts fifter SEPFPB56I Irﬁth@eieeﬁ}?lavy enmBodifengtlo® paast
two channel Sk rsrgrl sing: denodulating the first forward |ink channel of a
ar 5

received sif§ coanpidigs dhe myerage ﬂ@ﬁﬁl&h@nﬁloﬂm}?’@ﬂ Enefigycosinatudtiple t he

recei ve nd 10 d rm,ni ng the ontrol

ot nt T 05 By anR ko ia e ThE e i ot Bakbr 856 . CPRARNR ook hbiriers e o

02/ 0C-37- )aaeéagﬁélé%(e)dlé g%?alns yrABol Jﬁgx&@@hﬁgh@&b %%Msfs%ldnom sf 1 7st
forurard |ink cHannel for war d r control channe

met hod of GranpefSonvdieteinmned erhiethnei ttherfglgemnmm tbdki. nKoRpaihaton 858 ampma se a
f orwar d fundarrent ransm ssion channel. 28. The nethod of Cd.aim 25

wher ei n t het heelf?éu}ah qa%theommmm%ko gnsﬁraﬁ%\bgleé&wr i & avidl o pipdersterdibyat ed

control tra n._ chanpel | irst
communi cat it st asch e REAE aghery dfs BRLPSaflauPhf o, £ HEHGRLPrdifeld
communi gt | nére@lemxcaeﬂesmmgbenémbﬁa filter-is 89 lockéndreidiafie Ghetbbal predént
wherein determning the forward Iink 2 power control set point, conprises:
cal cul ati nglsafosdltattaédfe@lgmlsesm t error rate; and 4 cal cuI ating the power

control set poin n acgordance th the sele n bit error .rate.
S The vetnog oFIG & SiSHERe e obamar e, s oaHecAd e ptmalies g i

error rate, ¢GOURld $GRulator 315. In one embodiment, the selected signal symbol
energies from accumulator 559 of each of selected signal energy calculators 306

20 are summed in finger combiner 310 and provided to low pass filter (LPF) 560

and squaring element 562. In the exemplary embodiment, 1012/\7 pass filter 560 is

a single pole IIR averaging filter that computes the averaée symbol energy,

p(n), of the combined selected symbol energy over multiple frame duration. In

the exemplary embodiment, the average symbol energy is computed in

25 accordance with equation (4) above. The average symbol energy p(n)is

provided to squaring element 561, which computes the squiare of the average

symbol energy, p_(n32 , and provides the value to a first input of summer 565.
Squaring element 562 squares the amplitudes of the combined symbol
energies and provides the squared amplitude values to low pass filter (LPF)

30 563. Low pass filter 563 is an single pole IIR filter that computes the average of



denodul ating recei ved sel ected signal synbols; and 4 conparing the
denodul at ed sel ected signal synbols to a predeterm ned sélected si gna
synbol seQy&RGEs7932: The method of Caim 30 wherein cal cubatiyRerHbs

sel ected signal” 2 bit error rate, further conprises: determning at |east
one channel characteristic; and 4 wherein calculating the forward |ink
power control set point calculates the forward |ink power control set point
in accordance with the 6 sel ected signahgbit error rate and the at |east
one channel characteristic. WO (12/(11~-37'1; " PCT/US(I11SO n~ 29 33. The

net hod of %@E@%&d"@ﬁé@%&lﬁ@s ?@eﬂ 8StaRes deratRnd A5k ! a"h]‘géhﬁg?ﬁ{ from

characteristic conprise e relative velocity between the fir

~ communi cat i1g{y pavd EifreRTBH3t REpRREASI t6 UTBLRINEREIOMidVirgait Sdsumtternsgshod of
Claim 32 wherein the denpdul'ating the 2 selected signal synbols, conprises:

gener at i ng Sumtrenrfeb exnputesethiersian o henspiang (of thaeavwesage gpabal saergy ed

" signal synmbols; and conputing the dot product between_channel the estimte
and the 6 rpeoi ved thelasetap «fitheauapdisynsbol 2hergibe, pétfioahdpraidenthas
wherein the generating a channel 2 estimate conprises; accunulating a

pr edet er mursedn rtarthe mushemsedreinped of i djnider Sppbollewy prsaditdrow2palss providesi ng

t he accunul at ed sel ect ed sign synbol s.. 36. The t hod of ai m.34 wherein
Lhe dermaul BEAT AES Geie At SR 615 he depgrgRT o s WenoT A FRG S he
recei ved signalying; j ' 9 of
despr eadi ng%heDﬁ%%ﬁégﬁﬁggﬁhﬁggseg&s@ éﬁgfdmé‘ﬂﬁ‘gg‘%fggﬁgkgﬂ? &eéﬂgg%rgl ex PN
denodul at edhel guatéd cweegiboifrdrl fosv ipags tfitr d362pr Thd eighadf; thendivisionnput i ng

the dot product” of the despread signal and the channel estimte to _provide
t he denodul provideshte gvere reptatlempmb §16Z. which qaieulatasnde squace d0af 94 theer ei n

the dempdul ating the 2 selected. signal s S, npri ses; lating a
pl ural :T{[)(s o Wésé‘i%é@teé%?r %g}’sﬁwﬁﬁ?gi er@ﬁ%ﬂggéf’ £ ]Pigfﬁﬁ DF ﬁ‘r@ﬁ}?g&g& 8%%%%& ed
signal s cor & Gpdrhfi8Ris Bbrdrfkbd YyShlelns B€ @i tyBle 10dRAp. Ml b
112/ (1 Sy, TERRAAEPra Ghcufiols BbrBrfbl R e st ad S gHal sy mbo!
ener gi es gemedathd bpnodeskilletlaini the af8thatheheenhetiods ofl déterBdingdhei n -
determning the forward Iink 2 power control ,sgt plQli ncf furthe{) g_orrpri ses:
det er mi ni ngIaEe reet ¥alUgiage Xnoyiy angh san bgapplied to the disclosed embodiments

without departing from the application’s scope.

15 In other exemplary embodiments, a mean variance rfhay be calculated
from multiple variance values produced by multiple normalized signal variance
calculators 315. For example, when the selected signal 1s the FPCS, two
normalized signal variance calculators 315 are used. One normalized signal
variance calculator 315 calculates the variance of the PCBs valued at positive 1,

20 while a second normalized signal variance calculator 315 calcﬁlates the variance
of the PCBs valued at negative 1. The mean variance for ﬁhe FPCS signal is
calculated from the two individually produced variance values.

Thus, a novel and improved method and apparatus for determining the
forward link closed loop power control set point in a wireless packet data

25 communication system have been described. Those of skillé in the art would
understand that the various illustrative logical blocks, mod,?ules, circuits, and
algorithm steps described in connection with the embodiments disclosed herein
may be implemented as electronic hardware, computer software, or
combinations of both. The various illustrative components, blocks, modules,

30 circuits, and steps have been described generally in terms of j{heir functionality.
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4 calculating a bit error rate for the selected signal;
calculating a variance for the selected signal; and
6 calculating a forward link power control set point from the bit

error rate and the variance.

2. The method of claim 1 wherein the selected signal is the

ro

forward link power control sub-channel.

3. The method of claim 1 further comprising calculating the
2 average number of fingers in lock and further calculating a forward link

power control set point from the number of fingers in lock.

4. A wireless communications receiver comprising;:
2 means for selecting a power controlled forward link signal;
means for calculating a bit error rate for the selected signal;
4 means for calculating a variance for the selected signal; and
means for calculating a forward link power control set point

6 from the bit error rate and the variance.

5. The wireless communications receiver of claim 4 further

2 comprising means for calculating an average number of fingers in lock.

6. The wireless communications receiver of claim 4 wherein the
2 means for selecting a signal selects a forward link power control sub-

channel signal.
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8. A wireless communications receiver comprising:
2 a selector for selecting a power controlled forward link signal;
a calculator for calculating a bit error rate for the selected signal;
4 a variance calculator for calculating a variance for the selected
signal; and
6 a calculator for calculating a forward link power control set

point from the bit error rate and the variance.

9. The wireless communications receiver of claim 8 wherein the

e

selector for selecting a signal selects a forward link power control sub-

channel signal.

10. The wireless communications receiver of claim 8 further

2 comprising a lock detector for calculating an average number of fingers in
lock.

11.  An apparatus for generating forward link closed loop power

[y

commands comprising:
a signal demodulator for demodulating a selected forward link

4 power controlled signal;

a signal energy calculator for calculating the energy of the
6 selected signal;

a lock detector for detecting the number of receiver fingers in
8 lock; |

a signal variance calculator for determining the variance of the
10 selected signal; and
a setpoint calculator for determining a forward link power

12 control setpoint.
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2  point, comprising:
a calculator for calculating a selected forward link signal bit error rate;
4 and
a calculator for calculating a forward link power control set point in

6 accordance with the selected signal bit error rate.

13.  The apparatus of Claim 12 wherein the calculator for

2

calculating the selected signal bit error rate, comprises:

a selected signal symbol demodulator for demodulating received
4 selected signal symbols; and
a comparator for comparing the demodulated selected signal symbols

6 to a predetermined symbol sequence.

14.  The apparatus of Claim12 wherein the calculator for calculating
2 the selected signal bit error rate, further comprises:

a channel analyzer for determining at least one channel characteristic;
4 and

a power control set point calculator for calculating the forward link
6 power control set point in accordance with the selected signal bit error rate

and the at least one channel characteristic.

15. The apparatus of Claim 12 wherein the  selected signal
2 demodulator comprises:

a channel estimator for generating a channel estimate in accordance
4 with the received selected signal symbols; and

a dot product circuit for computing the dot product between the

6 channel estimate and the received selected signal symbols.

16. The apparatus of Claim 15 wherein the channel estimator

)

comprises:
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demodulator comprises:

5o

a complex PN demodulator for demodulating the received signal in
4 accordance with a complex PN despreading format;

a despreading means for despreading the complex PN demodulated
6 selected signal;

a channel estimator for despreading the complex PN demodulated
8 signal and for filtering the despread signal; and

a dot product circuit for computing the dot product of the despread
10 signal and the channel estimate to provide the demodulated selected signal

symbols.

18. The apparatus of Claim 13 wherein the selected symbol

2 demodulator comprises:
a plurality of selected signal demodulators wherein each of the
4 plurality of selected signal demodulators demodulates a corresponding
finger of a diversity receiver to provide selected signal symbol energies; and
6 a combiner for receiving the selected signal symbol ienergies and for

combining the selected signal symbol energies.

19. The apparatus of Claim 12 wherein the apparatus for
2 determining the forward link power control set point, further comprises:

a signal variance calculator for determining the selected signal
4 variance; and

wherein the apparatus for determining the forward link power
6 control set point performs the determination in accordance with the selected

signal variance.
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a selected signal symbol energy calculator for computing energies of
4 the demodulated selected signal symbols; and
a variance calculator for calculating the variance of the energies of the

6 selected signal symbols.

21.  The apparatus of Claim 19 wherein the signal variance
2 calculator for determining the selected signal variance comprises:

a plurality of selected signal symbol energy calculators wherein each
4 of the selected signal symbol energy calculators computes energies of the

demodulated selected signal symbols of a corresponding finger of a diversity

6 receiver;

a combiner for combining the energies of the selected signal symbols;
8 and

a variance calculator for calculating the variance of the combined

10 energies of the demodulated selected signal symbols.

22.  The apparatus of Claim 20 wherein the variance calculator

o

comprises:
a first filter for receiving the demodulated selected signal symbol
4 energies and for filtering the selected signal symbol energies;
a first squaring multiplier for receiving the filtered demodulated
6 selected signal symbol energy and squaring the filtered demodulated selected
symbol energy to provide an average squared selected symbol energy;
8 a second squaring multiplier for receiving the demodulated selected
signal symbol energies and squaring the selected signal symbol energies;
10 a second filter for receiving the squared demodulated selected signal
symbols to provide a squared average selected signal symbol energy;
12 a summer for receiving the average squared selected symbol energy

and the squared average selected signal symbol energy and for summing the
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symbol energy and the squared average selected symbol energy and for
18 receiving the average squared selected signal symbol energy and for dividing
the sum of the average squared selected signal symbol energy and the
20 squared average selected symbol energy by the average squared selected

signal symbol energy.

23. The apparatus of Claim 19 wherein the calculator for
2 calculating the forward link power control set point calculates the set point
in accordance with a linear combination of the selected signal variance and a

4 selected signal symbol error rate.

24. The apparatus of Claim 19 wherein the apparatus for

[

determining the forward link power control set point further comprises:
a lock detector for computing an average number of fingers in lock;
4 and
wherein the apparatus for calculating the forward link power control
6 set point performs the calculation in accordance with the average number of

fingers in lock.

25. In a first communication device in which at least two forward

ro

link channels are transmitted and in which a first forward link channel is
transmitted during a larger percentage of the duration of a communication
4 service than the remaining forward link channels, a method for

determining the forward link power control set point at a receiver of the at
6 least two channels, comprising:

demodulating the first forward link channel of a received signal;

8 demodulating the remaining forward link channels of the received
signal; and
10 determining the forward link power control set point in accordance

with the demodulated first forward link channel.
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28.  The method of Claim 25 wherein the remaining forward link

2 channels comprise a forward dedicated control transmission channel.

29. The method of Claim 25 wherein the first communication
2 device is a base station and wherein the second communication device is a

subscriber unit.

30. The method of Claim 25 wherein determining the forward link
2 power control set point, comprises:

calculating a selected signal bit error rate; and
4 calculating the power control set point in accordance with the selected

signal bit error rate.

31.  The method of Claim 30 wherein calculating the selected signal
2 Dbit error rate, comprises:

demodulating received selected signal symbols; and
4 comparing the demodulated selected signal symbols to a

predetermined selected signal symbol sequence.

32.  The method of Claim 30 wherein calculating the selected signal
2 Dbit error rate, further comprises:
determining at least one channel characteristic; and
4 wherein calculating the forward link power control set point
calculates the forward link power control set point in accordance with the

6 selected signal bit error rate and the at least one channel characteristic.
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computing the dot product between channel the estimate and the

6 received selected signal symbols.

35. The method of Claim 34 wherein the generating a channel

o

estimate comprises:
accumulating a predetermined number of selected signal symbols;

4 and

low pass filtering the accumulated selected signal symbols.

36. The method of Claim 34 wherein the demodulating selected
2 signal symbols, comprises:

demodulating the received signal in accordance with a complex PN
4 despreading format;

despreading the complex PN demodulated signal;

6 despreading the complex PN demodulated signal and for filtering the
despread signal; and
8 computing the dot product of the despread signal and the channel

estimate to provide the demodulated selected signal symbols.

37. The method of Claim 34 wherein the demodulating the
2 selected signal symbols, comprises:

demodulating a plurality of selected signals wherein each of the
4 plurality of selected signals corresponds to a finger of a diversity receiver;

and
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comprises performing the calculation in accordance with the selected signal

6 variance.

39. The method of Claim 38 wherein determining the selected

(3]

signal variance comprises:
computing energies of the demodulated selected signal symbols; and
4 calculating the variance of the energies of the demodulated selected

signal symbols.

40. The method of Claim 38 wherein determining the selected

ro

signal variance comprises:
computing a plurality of selected signal symbol energies wherein each
4 of the selected signal symbol energies corresponds to a finger of a diversity
receiver;
6 combining the energies of the selected signal symbols; and
calculating the variance of the combined energies of the demodulated

8 selected signal symbols.

41.  The method of Claim 40 wherein calculating the variance of
2 the combined energies comprises:
filtering the selected signal symbol energies;
4 squaring the filtered demodulated selected signal symbol energy to
provide an average squared selected signal symbol energy;
6 squaring the selected symbol energies;
filtering the squared demodulated selected signal symbols to provide

8 asquared average selected signal symbol energy;
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