PONER CONTROL USI NG ERASURE TECHNI QUES CROSS- REFERENCE

TO RELATED APPLI CATI ONS [ 0001] The present Application
w0 o0o6@em3ent i s a Continuation-in-Part of PatenpCT/US2005/020086

Application No. 10/890, 717 entitled "Robust Erasure

Det ecti on and Erasure-Rate- Baged C osed Loop Power

Control™ filed July 13, 2004, and Patent Application

No. 10/897_463 entitled "Power Control for a Wreless

Conmuni cat POVERCONTROLi USING ERASHBET ECHNIQUES

Mul ti pl exing" filed JuI y 22, 2004 of which both claim

priority to_Patent |cat|on 60/ 580, 819 entltled

"Rever se- LEROYRRET NS TGy LiAtW Afpﬂléélj
[00013004, pentg fhesdi da Bt GOE Fof %Eé?l% ?Sé'(%%ﬁ Qﬁ{n@fﬁfpaﬁ‘ﬁ &f Patent

her eby expressly incorporated by reference ereln
BACKGR@ligatidn NoF1 (82D, 006Ritled HBopust Feastird Detectidnoand Erasure-Rate-

CpecITRRAGHef g Pechnich oty Had, et LA @luard Eaiser gpplicaion

usi nm@rﬁﬁwm&e&ﬁﬁfeﬂo@o{)v@r @oﬁ’crﬁf—‘fcﬁ"sas\mm R bRRation System
system Backgr ound [ 000 ] A W rel ess

mul t |[|E>1111€Z11@ CtogoarinMultpdexing? §ledt Brly &2n 2004, of which both claim

\?v: ?E:Ptéls n%? L?%Q}%DRBEZC rmﬁpn :qg 58@%%%1:1& ‘i‘gfe‘!m%{sE-Link Power

one ol AlB&SBEmSt fkd Jhge 18220042 pehdifs) ﬁf@a&ﬁ;n%@@o the assignee
forward and reverse links. The forward |ink

downlherRef andheely expressly inentnerated byireferancn laenemom t he
base stations to the termnals, and the reverse |ink
(or uplink) refers to the communication link fromthe
termnals to the base st BACKEGROUND4I] Miltiple
term_nals may sinultaneously transmt on the reverse
l'i nk Ioy nulFielsl exi ng their transm SSI ons to be

rt hogon t attenpts
[0002? o achi e\?l(le1 ?‘Eﬁ%@é%’?é’i%‘{hy&é%nge%eﬁal gi)é%l n}n%%{;%lém and more
| i nk shecificallys itedhsiguBs fdrfm]]usﬁﬁgi GOWBCHONRNG4iAE efBhle detection in a
domai n. Con'pl ete orthogonality, if achieved, results
i n t YEreless SemPuBicaHon pYsteieach terminal not interfering
with the transmi ssions fromother termnals at a
recei ving base station. However, conplete
ort hggonal |]g;yck?mﬁm the transm ssions fromdifferent
termnals is often not realized due to channel )
[0003¢ ondi t i ofs, WiFdessi yatiplenpeqess ceonynenicatioy Systen. cafheimultaneously
lsgfr: S{é lgfn ?@%ﬂ%h%{g‘oﬁ[ gi?fé ln}n%llt{ple e\%relegse rt@nﬂ%&lscau%a&g terminal
communicates with one or more base stations via transmissions on the forward
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SUMMARY

[0008] Accordingly, a method of performing power control in a communication
system is provided wherein the method comprising receiving a codeword via a
first wireless link, generating a message to increase the power if determined that
codeword did not meet a erasure threshold, generating a message to decrease the
power if determined that codeword did meet a erasure threshold and transmitting
the message on second wireless link.

[0009] Various aspects and embodiments of the invention are described in further

detail below.
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[0016hf wi r el EXG. @ ehovisradrlecki diagram ofadhase statioroand astepminiak ed
station used for communicating wwth the termnals and
may al so be referred to as an access point, a Node B,
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communicating with the terminals and may also be referred to as an access point, a

Node B, or some other terminology. Terminals 120 are typically dispersed
throughout the system, and each terminal may be fixed or mobile. A terminal may
also be referred to as a mobile station, a user equipment (UE), a wireless
communication device, or some other terminology. Each terminal may
communicate with one or more base stations on the forward and reverse links at
any given moment. This depends on whether the terminal is active, whether soft
handoff is supported, and whether the terminal is in soft handoff. For simplicity,
FIG. 1 only shows transmissions on the reverse link. A system controller 130
couples to base stations 110, provides coordination and control for these base
stations, and further controls the routing of data for the terminals served by these

base stations.
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traffic/packet data and “control” channels used to send overhead/control data. A
system may employ different control channels to send different types of control
information. For example, a system may use (1) a CQI channel to send channel
quality indicators (CQI) indicative of the quality of a wireless channel, (2) an
ACK channel to send acknowledgments (ACK) for a hybrid automatic
retransmission (H-ARQ) scheme, (3) a REQ channel to send requests for data
transmission, and so on. The physical channels may or may not employ other
types of coding, even though error detection coding is not used. For example, a
physical channel may not employ any coding, and data is sent “in the clear” on the

physical channel. A physical channel may also employ block coding so that each
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station may compute a Euclidean distance between the received codeword and

each of the 2" possible valid codewords in the codebook. In general, the
Euclidean distance between the received codeword and a given valid codeword is
shorter the closer the received codeword is to the valid codeword, and is longer the
farther away the received codeword is from the valid codeword. The data block
corresponding to the valid codeword with the shortest Euclidean distance to the
received codeword is provided as the decoded data block for the received
codeword.

[0024] As an example, the L data bits for a data block may be mapped to a

codeword containing K modulation symbols for a particular modulation scheme
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decoded data block is indeed the transmitted data block. A metric may be defined

and used to provide an indication of the confidence in the decoding result. In an

embodiment, a metric may be defined as follows:

dy ()

m(k) =2 , Eq(2
2 (®) 1@

where d,(k) is the Euclidean distance between received codeword k and the
nearest valid codeword;

d, (k) is the Buclidean distance between received codeword % and the next

nearest valid codeword; and

m(k) is the metric for received codeword k.
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asure , .declare an erased codeword .

As s%w:l_ftle f?heaéaaaqq“@é cedgwordppesisr piedelgmppablayelrt cgnﬁclience The
decl gr&fe aﬁzgf)l) fo re%&@é(?%odg\%iﬁv‘ﬁﬁg bd b afgﬁta!;éeﬁﬁt & erasure

m k) 1s equal” to or greater than erasu
and (#nbstidld, "R er 236 ShtafPd I dEnd Hedidibn &L the Geddivel dodeword, as

grasure 2

| ess than the &"&3ure threshol d.” The base station nay
t r eatfoligeded data bl ocks for non-erased

m(k)<TH,,,., declareanon-erased codeword ,
Eq (3
m(k)>TH_,,., declarean erased codeword . 1)
[0030] As shown in equation (3), the received codeword is declared as (1) an

“erased” codeword if the metric m(k) is equal to or greater than the erasure
threshold and (2) a “non-erased” codeword if the metric m(k) is less than the

erasure threshold. The base station may treat decoded data blocks for non-erased
and erased codewords differently. For example, the base station may use decoded
data blocks for non-erased codewords for subsequent processing and may discard
decoded data blocks for erased codewords.

[0031] The probability of declaring a received codeword as an erased codeword is

called an erasure rate and is denoted as Pr. The erasure rate is dependent on

erasure *



and erased codewords differently. For exanple, the
base station may use decoded data bl ocks for

wmowemoBsed codewords for subsequent processi NRCEO200E§20086
di scard decoded data bl ocks for erased codewords.
[0031] The probability of decl@aring a received
codeword as an erased codeword is called an erasure. )
rat e BhErTeSEFsheg ussd Prioprasip eletectrpr aad dhereseivad signsl quality
depengrRYy B HRerRERSY S 58 -
det egti otr)l and tf1e recés;sgléevg&gi gﬁ‘lﬁﬂgﬁ% (lléa;ﬁ%f gh%%g §1r1ant1ﬁed by a
t he rsignel-ipenbisso deinp adsigniito-soigerahd-guaifértncendyiopand so on. For a
quantified b i gnal -to-noi.se. ratio, a . )
si g Ve gesrY eGSR o O raney Biesholinpisases e Wslibaod e received
a gi (Blewdd VeMRUcoNRA # drild bR, 4GS odh. '
increases the [ kelihood "of @ recel ’\/a‘eﬂ(ﬁ1 codgév]\rgar dF(geal %éen erasue
dec| dhregholdy arlgvedecsitdWBNR, alsndineicasesythes Hkelfoodaof a received
gi ve rasyre. t hyeshold, a l.ow.received.SNR al i
i ncr g 3@%@“@ E)gmlgi ({?8%621036’06%3@ FOogeit OHERRA ?%é’i §iyen erasure
decl alireshodd) ths Aseided SKRYAEE be 3AbY c6RriBAS the thREmB for th
gi ven erasure threshol d, tﬂe regg?/ved SNFgmgy bemsé)tower ot the

(by comirolehpmnel as Hesoribahbelpw) fsoaehicve dhe desised emasurokate.
ous2g 10 TP SASRROBARED M P B o S e o e

t 0 actmtes echtineel d e rerempR( b ProBubility fodTeriod @of@AbASH on non-erased
channe| abnpl e, a probabiljty of error

. F
cond @C?ﬁieéYPégg’ SHPIRb . eilled e andionsk eror Tais &My s weed et the control
cond 'cﬁa'mrfﬁ@l?_l TH6 rczgﬁd(i'fl'it?llia? erT! tJJ S dléﬁ(gtgc(le faslwg,) ?r%‘g %8? Zlgetargé) J[he following:

channe hi's con onal” error

Prei bRknafst 8alsvdiNCodeRlob®Y B&1ardl 4§ b 18 n?erﬁsgﬁ e%oﬁgxgord the
codeword is declared to be a non-erase codewor , e ’

pr obatsibabilify of the decafled ddadlatt far tHeaedeifeal codbwordestig/@dorrect is
code\%prd bej qg incorrect is Prerror . A low Prerror

(e. g rnd 9 S Wl&feu@o fespon@s 4570 qorigePardy rieea drigh degree of

CoaeHBTRETE Bobr SrBimeserih, Rt pos i eHRE b abiared. A low

for meny hyupesiQirable F5SHhSP gssWéﬁﬁﬁassidg%&? ge%i%ﬁ%Lc{eégoding is

is inportant. The erasuret | be se

propéfipdreve! The edssiteitReshbRl ﬁ@% beeet B el Rbper 16R933]achieve the
wel | -defined rel ati onship may be expected to exi st

bet wéesired H4,.gr asure rate Prerasure , the conditi onal

error rate Prerror , the erasure threshold THer asure ,

[0033bng t he 4ctd}-Jefinednrlatippshimmaych expectedrtozexigt\bstween the erasure
R S R R s

exi sts iCar
CoNdiyeir ORA)cd RINTOT y 29 r : :

threshol d, ea%{ r a'dIeI{ 0 Cuﬁyfoggﬁ%gy%%ﬁ%ggﬁﬁ@ﬁgggra%%epérecewed
r at eSHRdl theheexdsindi specifielerasureatteraati e specifip Wosditional error rate. By

si mul,ation be perforped and/ Qr
changing the' grasure Ft’hreshol&[‘3 a tracPe of? may be made between the erasure rate

and the conditional error rate. Computer simulation may be performed and/or

and

erasure ?

empirical measurements may be made to determine or predict the relationship
between the erasure rate and the conditional error rate for different erasure
threshold values and different received SNRs.

[0034] However, in a practical system, the relationship between these four
parameters may not be known in advance and may be dependent on deployment
scenarios. For example, the specific erasure threshold that can achieve the desired

erasure rate and conditional error rate may not be known a priori and may even



enpi rical neasurenents may be nmade to determ ne or
predict the relationship between the erasure rate and

W@ b@eoaisdé ti onal error rate for different erasPCEUS2005/020086
threshol d values and different received SNRs. [0034]
However, in a practical systemy the relationship
bet ween these four paraneters nmay not be known in

adv arvb@n@n@ivqmyn% ebul d}@i@b?@éhﬁlowﬂtb’ d@prtbmmw, ¥ demat knewn whether
For : e@?eﬁ?c}‘%gd” d%gt\lpé%ﬁé 'bejrv&eeg e léfa“:s‘uge aF di ﬁxet po ! itlodM error rate,

achi e rasure rate an con I"onal error
r at e ovengdotiabgmiilution & Py isoime @hék MRnsweilic haldgguovelfan actual
time, but pr obabl y slowy. Furthernore, it is not

knowleRie¥mRat: - ‘predicted” relationship between the
[0035ﬁ’|r gsglr ﬁu%a%&v&%n{rgﬁm%&%is‘iﬂ befsbPto gﬁﬁﬁuﬁﬁ%ﬁ%ﬁs@ Ghe erasure

lon or by sone ot means, rue
in arthlasitcx]ﬂibncﬂ‘élplregﬂnmﬂtSNR GIO'&%]eVA thmdmred patfomhance for the control
mecha i to d am cal | ust
o oo e The Aol rha iRl DB pes MaNDY SRt HrL DY o {prget crasure

desi r gt]g ﬂeﬁg{ﬁoc‘;@q‘be/ bQGurk I?ﬁe C&hP%%I £6: ‘”1‘? Q§ a éa-l;g& conditional error

contr per ormance rray quan

{ar OGhicQHASUES, 18} Colti AR UG 6F: O PrIOYRYASLE S [ALS, | Pr..)

or Prerasfif'e a target condfional” erro error
rat e papyerror (e.g 1% conditional error rate, or
Pr010. = 0.01 i.e., a (Pr 1116 , Premr pair.

[0036ﬂ 0036] FFEG. shews aappwzewon@@lt pschanasn a2(10s hae omay Hegt used to

t hr els%ﬁn %Jrélecglrlr% 91flj{agt(r:]ont &0 e%/ﬁ]?edsbér@:]sm con%éf{h?—:ot};angmu power for a

t r ansAnSAisetn Seittonohe cbetrsl Chbmiel frohan &ﬁ‘imﬂdl Tk dase station. Power
termnal to a base station. Power control mechani sm

200 icABIrRIgBechapism{y inglydes antipnerdaop gl @ran Q3 logm220; ad a third
a th'lSd})is‘?)Op 230. [0037] Inner loop 210 attenpts to
mai ntarn the received SNR for the transm ssion, as

[0037ireas ur edImter {dop 2idsatentpid toomaintsn deasesioal PNRsfobltes transmission,
a target SNR, Fqr .inner |oo 10 an gy{;eestlrrato 242 .
at t 18 Teaswed b fhedbnse stafinmy ?%?easrw 9 sfrest NR-p&or inner

tr anggdyssi009n 8RRk éyhﬁiﬁ't&%ﬂat‘ FeRESINESh e%’t\ﬁia?ég tﬁe received SNR for
transmt power control (TPC) generator 244.

generthd wansgussical and preddestbs rachived SiNFeto aSNRlshmpctWBe control (TPC)

Car QEPMERRS 2 TR PR Ger YL B NS (Balu o RHer the control
CONPRAAERI doftiphtes the EReived RNRC apiimdhd far@it MK, dnll) geBBrates TPC

UP conmand to direct an increase in transmt power for
t he commapils bisad valthe corppyrisgn mewis.c BashnRBCtcominandds edher (1) an

decr %ﬁ’gceoﬂnﬂaﬁ({ %ndﬁfgc{ alP Mease iLr{FanQI%ﬁ%o%&;e?%rQHe control channel or (2)
a DOWN command to direct a decrease in transmit power. The base station
transmits the TPC commands on the forward link (cloud 260) to the terminal.
[0038] The terminal receives and processes the forward link transmission from the
base station and provides “received” TPC commands to a TPC processor 262.
Each received TPC command is a noisy version of a TPC command sent by the
base station. TPC processor 262 detects each received TPC command and obtains
a TPC decision, which may be (1) an UP decision if the received TPC command is
deemed to be an UP command or (2) a DOWN decision if the received TPC

command is deemed to be a DOWN command.



transmts the TPC commands on the forward link (cloud
260) to the termnal. [0038] The term nal receives and
wpe@essses the forward |ink transm ssion fromPdEURASH020086
station and provides "received" TPC commands to a TPC
processor 262. Each received TRC conmand is a noi sy
version of a TPC command sent by the base station. TPC

[003Yr ocessord HBpsaie(BX] powst adjpement wit 26 adiynigghel trapwmit power for
obt ai s tﬁn%ﬁg%gﬁ%sﬂhg% %@p@%gaybﬁg ()gi) gl;l“P%P d?cci)si%nes from TPC

deci st on | e recelve eened

an UProcasst2d2 0 n{t264 an QA8 st dei menmtlpbwteh gs fotlowsyved
TPC command i s deerred to be a DOMN comrand. [ 0039] A
transm’t (TX) pawer ust ment unlt 264 adjusts the
trans goggr f%clh’thL ulraﬁérrﬁn%ﬁ’ i$0f.t he control
channe w

Eq (4)
262. Unit 264 chQ'ﬁj 3&, d S‘#’@ﬁ@ﬁfiég%}\rgf g;ocessor

foll ows: where Pcch (") is the transmt povver for

ror t e lei & %mkeﬁsvni‘lka@wﬁ%@sr Boflaiiie Figves e

) an éil%%?@&e B O ?ﬁevs%réarf " ?2“8? et

pover 1B ?is‘gé‘éﬁf’)%gz“ﬁs@i%%#%ﬁﬂm “Up deci si onand
IR R A e B -

s adiFiRe t@?)o fslﬁoevﬁhfrfe%%g{m@){ﬁﬁ%%ﬂlt PAYE" Breased by AP,

poon it dac ket £ ASbrer iy A for t%ﬁ@zgé‘j’g%e@é?%pn" ‘Although

Si 2381 Er‘%ﬁ&%girlca;%ék% fg simplic ?ﬁgru %‘80 SR, 195, ‘;jgt‘ﬁ? a “no-OP”

| 0ss detiadh ifja re2diged TP dodirhandfli§ @6dnSedd be6o 1B¢RAISE, in which case

l'ink (cloud
the transmit power may be maintained at the same level, or P, (n+1)=P_ (n).

o

The AP and AP, step sizes are typically equal, and may both be set to 1.0 dB,

0.5 dB, or some other value.

[0041] Due to path loss, fading, and multipath effects on the reverse link (cloud
240), which typically vary over time and especially for a mobile terminal, the
received SNR for the transmission on the control channel continually fluctuates.
Inner loop 210 attempts to maintain the received SNR at or near the target SNR in
the presence of changes in the reverse link channel condition.

[0042] Outer loop 220 continually adjusts the target SNR such that the target
erasure rate is achieved for the control channel. A metric computation unit 252
computes the metric m(k) for each received codeword obtained from the control
channel, as described above. An erasure detector 254 performs erasure detection
for each received codeword based on the computed metric m(k) for the codeword
and the erasure threshold and provides the status of the received codeword (either
erased or non-erased) to a target SNR adjustment unit 256.

[0043] Target SNR adjustment unit 256 obtains the status of each received

codeword and adjusts the target SNR for the control channel, as follows:



240), which typically vary over tine and especially
for a nobile termnal, the received SNR for the

W@ e@emai3ssi on on the control channel conti nual PET/US2005/020086
fluctuates. Inner |oop 210 attenpts to nmaintain the
received SNR at or near the tanget SNR in the presence
of changes in the reverse |link channel condition.
[0042] Quter |oop [229Rgar(k) AualNR,, adfarsh sraséecddawget ,
SNR suBRR{hdi the ta et erasure fate i s achi eved for Eq (5)
the control chann wiei ) T ASNEp ut Eriagenoeriasedogdeword |
conputes the netri c m k) for each received codeword
obtai ned fromthe control channel, as described above.
Ahese 23R e (&) acthe targg SNIR fqronias leapasndets intsrvat & on f or
each recei ved codeword based on the conputed netric
m( k) fAPNRpeiscodgwatapcsizendr thedargetaNR pardhr eshol d and
provi des the status of the received codeword (either
er asedABNRpois-agtoxgedigp dize fr thertgeget SNR. adj ust ment  uni t
256. [0043] Target SNR adjustnent unit 256 obtains the

00447 et SHRE PPt SRE SKR. s POHRS BP0 B2 R 2 3B are
t (khm‘f%?"%)la Y g ??%&%é%&d@?oﬁﬁt 56 Rivkes -the (té%get SNR by

I SN R or a non -

er as eXENRdeifiar ﬁcelvamecrcﬁwsmlslde(eﬁneh tb bet hrfori-ataget cdddiRord, which
for outer Ioop update interval k; ASNR 111, i s an up

st ep nxyz endiaate il marlgwivﬁl\llsl\]lﬁrfdr AEWROI][&GI icBarmel asvhigher than
step size for the t ar get, 0044] The target SNR SN .

R f cPCHRF Y he 9%665 7t éﬁlﬂn reasegffie AagRt PR dwe ASAR,, if a

units of i n, equation (5 uni t .
O Bestvell Sog T eras R Pigs S Codrubich ik may indicate that
codeyy @cdiPeOIREE: the chifirdl cHAREEA6WE: haRMNREHE ry, Whi ch

may i ndicate that the received SNR for the control
[0045Ehannel The ASNRy, dndaASNBGestprsyzes Conadjustimigithe tarpét SMR may be

i ncreases the target SNR by ASNR 111, if a received

codewseirbdsdédsortithe fidtbwing datemslepased codeword, whi ch may

indicate that the received SNR for the control channel

i's Iovver than necess ry [ 0045] The ASNR , and ASNR 1n

step sj {ta eratmb§ target SNR may be set Eq (6)

based on H’e nerr el afi'onshi p: ASNR =ASNR 1n 1 ] q

Eq (6)
[0046] For example, if the target erasure rate for the control channel is 10% (or

Pr =0.1), then the up step size is 9 times the down step size (or

erasure

ASNR  =9-ASNR,, ). If the up step size is selected to be 0.5 decibel (dB), then
the down step size is approximately 0.056 dB. Larger values for ASNR , and
ASNR,, speed up the convergence rate for outer loop 220. A large value for
ASNR , also causes more fluctuation or variation of the target SNR at steady

state.

[0047] Third loop 230 dynamically adjusts the erasure threshold such that the target
conditional error rate is achieved for the control channel. The terminal may
transmit a known codeword on the control channel periodically or whenever
triggered. The base station receives the transmitted known codeword. Metric

computation unit 252 and erasure detector 254 perform erasure detection for each



V erasure / [0046] For exanple, if the target erasure

rate for the control channel is 10% (or Prerasure =
wW@2Mp/00Ben the up step size is 9 tines the doRET/ESBP5/020086

size (or ASNR 11P = 9 ASNR ). If the up step size is

selected to be 0.5 deci bel (dB), then the down step

size is approximately 0.056 dB. Larger val ues for DSNR

and ASKRed ?@pwe@owqrﬁéva@qdrmbﬂlg erasarerthreshgld ang in e same manner

| oop . I val f I r

£ uoe Rt ahesPhEE b Ea ofor e kPl ARl G Fer Ry ined to be

st at aon-kf204d/]a ddebdet 262 alecai tiehyreasivedkhywmdpdestord bhd determines
erasure _threshold such that the target conditional

er r ohethepthedegedsddptaiblpgk istppreelaitin 61Tk HeHeferan bedone since the

term S : : .

Tt B, R RO O D EAB R o i

st at 264 theestatus @f ehdterdeeimnd khowe dodevoond, ehithvwaylbe: (1) an erased
re detector 254

Kﬁﬁ ? 55%%&?@3%?% i«g&dg %5%%3585 t%g SeHPEESPoRE CRAYiyd 1s 2 non-erased
CoteuRdd@sfll daibdell @oREARLILE (Y aCldaaRsha!ib HeEeeived known

same nmanner as for the receive codemprds. For each
r ec e codawotdh amavdesedroddeivenddat decodedinmarorer ased, a

ecoder 262 decod the receive nown .codewor d a .
1004801c¢ or i nES S e PO B Rel i2EA ATEER T S fllp received
or i Rn&Wh ebdewddLdhdGaRsk: tBe Baf\ge HrbdRId, Refaipdaword i s
known. Decoder 262 provides to an erasure threshold

adj ustnment unit 264 the status of each recei ved known
codewor d, whi ch np¥Hype,.(OH)AEH er deragemhedewerd, (2) a
"good" codeword if the received known codeword i s a

non- er B e tlotibvioy dHane: (Becdbl e, -c dPF &bad gpdewprd; and 5 Eq (7)
"bad" codeword if regei ved kn codeword is.a
non- erased codewo Eﬂgwﬁ@ecoded i %ng?l}%?s_e\ﬁﬁegwrd,
Erasure threshold adjustnent unit 264 obtains the
tatus of ,the r i ved known codewor ds d,.adj usts e.
[0049Er asure Yvh?rgshoﬁgﬁemasg@ df g as ﬁﬁ?sg@hf rffjudjégmqpé% mterval
)

, for, a good codeword, TH_ ( + ! =T Herasure COD
T HdA " for a bad codeword , and Eq (7) TH erasure ()

, Tor mraeraeftpGRAQIRIHEr the RRARlARIE ahlil erasure (f)

i s the efasure threshold for third | oop update

i nter VRTH , ; isA ddwhlslep dise BPHeRrahRRKREES4S or the
erasure tfreshold; and ATHi s a down step size for

the erasure threshol d.
[0050] As shown ?n equation (7), the erasure threshold is decreased by ATH,, for

each received known podeword that is a bad codeword. The lower erasure
threshold corresponds to a more stringent erasure detection criterion and results in
a received codeword being more likely to be deemed erased, which in turn results
in the received codeword being more likely to be decoded correctly when deemed

to be non-erased. Conversely, the erasure threshold is increased by ATH,, for

each received known codeword that is a good codeword. The higher erasure
threshold corresponds to a less stringent erasure detection criterion and results in a
received codeword being less likely to be deemed erased, which in turn results in
the received codeword being more likely to be decoded in error when deemed to
be non-erased. The erasure threshold is maintained at the same level for received

known codewords that are erased.



[0050] A s shown in equation (7), the erasure
threshold is decreased by TH n for each received known
W@ owemnomte t hat is a bad codeword. The | ower erBGI/US2005/020086

threshol d corresponds to a nore stringent erasure

detection criterion and resultyg in a received codeword

being nore likely to b e deened erased, which in turn
[0051} esul t s The 1 ; ewdi VB, csietesiprsdobaljndingdheerasure tyethold may be

b e decoded correctly when deened to b e non-erased.

Conv eetdwssd on the fellaysing eelationekipol d i s i ncreased by DTH

for each received known codeword that i s a good

codeword. The higher erasure threshold corresponds to

a | esspplyr i Dagpt ¢rladlice |det ection criterion and B
results Pﬁ‘a receilvem_codeword being less likely to b ()
e deened erased, ich in turn results in the received

codeword being nore likely to b e decoded in error
[0052¢hen deehedextample, &f the tergat &smdltiorEdh errer méaifoe thehroatrhbdhednnel is 1%,

s maintajned at the same | evel for received known
Code e SouE Sisp sz SLENEHBS #p stRsi&THhemagngudepiATH,, and
step sizes for adj ust_ig\‘? the erasure threshold maybe

15

set Wlddd BIRYthfedeismniaed bgsadermithos3pacted mpenifpdoTef the received

Eq (8) V .error . /.[Q052] For exanple, if .t t ar get ;
conaPrERIE! e pesired g pigPten i Gt Fi YKL IR A8 ppggibly ofher
t hen gdpgsdown step size is 99 tinmes the up step size.
The magni tude of ATH and ATH 1 may be determ ned based
[0053bn t he elpameral thagdivsuaimt of thererasuse thireshdldsigspémsient prehow the

desired.convergence rate,.for t thitd |.oo an

poss 1Y BRHcP? PSS, €Srio s et PR ) 888 ) are based on
adj usiemBtricdefinb@ a8 KlasHi & EdiaBsh 2y Tie SRERNGIBNLIsODe defined in
how the netric used for erasure detection is defined.

Equatthsn sanmyrs fag..( @k )ar 6., Hod dgd (fon instead radt mi(k) =éf, (éd,, (k)), in
as sh in equation (2).. The netric al.so be .
dof | AR G355 e%dJ‘FPé‘ﬁﬁlétr%f the ergsure ﬁ%@ﬁhﬁ@ syz&y@@)madlﬁei Rycordingly.
i nst = el ' :

ad; uaran s A pEHe el el ool (tiRg g0 any erasure
accoddtiectifinyteciifiqueaatlj aciiafs ®bestasasues titteetsinopafomayne foo various

be usgd ip cagbination with any erasure detection
t echfGHE 0% -eve robust erasure detection

[oos4per f or ﬁa’ﬁﬁg elfaﬂ.grle gﬁre.km ffrann fé )), ‘ﬁ%e; &@?&@%@%ﬁﬁj\sﬁﬁ?ﬁ various

erasure threshol THer asuf@&™ _
adj Usia@flers.n MadeOsBbSTRMBAY, 9. sehraRNBirdNBesl s Bitinta®ed by the base

> eparst?l‘zign tf|2>ir r gaclho?eﬁ)’mlinsal rri?ll ggr?llmrlll(;jdcaggn tvlglgch b‘flllseebase station.  This
embodiment allows the erasure threshold to be individually adjusted for each
terminal, which then allows the control channel performance to be specifically
tailored for the terminal. For example, different terminals may have different
target conditional error rates, which may be achieved by operating separate third
loops for these terminals. In another embodiment, a single third loop is
maintained by the base station for all terminals in communication with the base
station. The common erasure threshold is then used for erasure detection for all of
these terminals and is also updated based on known codewords received by the
base station from these terminals. This embodiment provides good performance

for all terminals if the control channel performance is robust for these terminals

for various channel conditions. This embodiment allows for a faster rate of



station for each termnal in comunication with the
base station. This enbodi nent all ows the erasure

wa booesbmsie to be individually adjusted for eacPCT/US2005/020086

termnal, which then allows the control channel

performance to be specificallygtailored for the

termnal. For exanple, different term nals may have ]

di f f eqoamergenseder the dhad ldoprsaf alspreducenpessheagifings egely tepminal may

achi Y, i t hj | o for th 11
e SN OREE KO SFEALE) Sk e b by 7 By i
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er asuiaiiop P’é%%‘?gl goyns o tsapinglsdyving the saue pentepd ch@mebperformance,

for alhly B efB&eanieSidll @?%}Zdé@%&jb&%sﬁ% %g%o%d&ﬁ&go ??gc%]ived by the

on known codewords recei ase station
t hes dasestatiorafrem allhermieath adithegrduppr ovi des good

er formance for term na if .the contral chann
[0055§erf or marCET leon Bifl; outer doon @nflé{*l’ﬁ‘? if’cﬂpsi@ e\?ﬂlf”ﬂ)’s‘lpdated at

channgifeepnslitds Ofrer 1645 280750 dTBRLesIdoPVSE fHR thike 1oops, and the
faster rate of convergence for the third | oop and al so

r edudewswitaqrawsa dorsthaontrak¢thanaelmhaa be magated ahs patticulae rate (e.g.,

kno deword at I r.ra €., 0. e. ever W
unarisf e s@onf R 1068 70 foind bRt Rl fod 8 target SNR
Si ngligayt B¢ Gpddt@PRhérfeveRh Bb@wied iPyeckived BAIBe Sétd]l @Rannel. Third
for each group of term nals having the sanme control

chanreop 3&} Bihndawest loppeg andde sragurgritbreshnlé siayibg updated whenever a
updat . i ve

b at IR0y i MY o8 Bl o GRhef S Ynddt® [ the threc
| oop 1333, mayuibeyeldctedpio a2 evethd dedited et foaparkd Gortdrasure detection and

typically updated at different rates. Inner |oop 210
is t MOWMCREM. | oop of the three | oops, and the

; ) I . d
onsy 2 IR i S 0, O .
Qut erjs hoQPa28fk b tHeNBedtairds ij%ﬁﬁ%aﬂc%oﬁr tl?engod‘hlll?)g channel, and the

target SNR nay be updated whenever a codewor
r eceithied loop it Hesigredtto akhievathive Pr,_ ThOtlgkr IngeapurdS 0f p&fdriv@nce may

error *

sl owest | oop, and the erasure threshold nmay be updated
whenedlsor ba Usadvilor dbeleosnirdl ickarnmel; eande theo thitchdogromiayobe designed

channel . .The update rates for th ree | oops. may he .
el ecERiagac RPEFEhRls: deeeb rubHY it SepiyPY codeword being
er as Weoddalif 6irbORheH dbeRRWRS bé Babdddhay bORREAIIMAE tHikEloop.
enbodi nent descri bed above, the target conditional

[0057¢r r or r afF&GBy 3Arand IR shewd Aew hiagran ofepioeess (F08sfonfipdating the

¢ | hird
oop SrEHaE e 1 0s SR ROET PR el 00 Coysdidited codoword &

measys estiglfy sigtained HRRC ehareontl shakel tseck BoT). t e metric m(k) is
control channel, and the third | oop may be desi gned
computed for the received codeword, e.g., as described above, (block 314) and

compared against the erasure threshold (block 316). If the computed metric m(k)

is greater than or equal to the erasure threshold, as determined in block 320, and if
the received codeword is not a known codeword, as determined in block 322, then
the received codeword is declared as an erased codeword (block 324). The target

SNR is increased by the ASNR  step size if the computed metric m(k) is greater

than or equal to the erasure threshold, regardless of whether the received
codeword is known or not known (block 326). After block 326, the process

returns to block 312 to process the next received codeword.



accordingly. For exanple, a target probability of a
recei ved codeword bei ng decoded in error when deened
wao o00beoBr@sed nmay be used for the third | oop. PODBEFI005/020086
El GS. 3A and 3B show a fl ow di agram of a process 300
for updating the second and thigd | oops of power
control nmechani sm 300. A received codeword k is
[00581ni ti al | f dBe asomenpted anstrime mébht Solese hapmethe (pguR threshold, as
312) ., The.net.ri IS, C uted for the received
codbidstaningigh viork b R 501 Spivin Sicha B codeword
conpafsedbt@mhdiSin bloek BaStHeR thdrehRldddelvBEKis3d@lared fas a non-
the conputed netric m k) is greater than or equal to

t he erassdroodewonrdslbisicl, 3243, atult therthrgetiSNR. 13 deckea8210by dired ASNR
if the received codeword is not a known codeword, as
det erstmhaige i (hlogk GBR)-37he prosesst feturpe deiblesk 3B éavpretess the next

decl ased codeword (bl ock 324). The target
SNR ﬁéagﬁ%$§§§g§Hby the DSNR step size if the conputed

[00591et ri ¢ M{K)the Scodipedde mdtHans@k) egUBdss tilad Nfe eérasiké ethreshold, as
threshol d, regardl ess of whether the received codeword

i s krdstemmaredriotbléakoddd, ahd dithe 386 vedAfokiewortdl is cakki®@®6, codeword, as

t he cess .r.et.urns | ock .312 to 0 t he next ]
rece P({?geamgbegelﬁo@aaf 8%)% 8‘?‘6? gre{eﬁgn% 6%‘638{% 3%3’?? fGi?eerf_a yeodeword is
i's | eRsodddaldcRes40).agfER ddtbemBalad cotfect @k HeBrRgidiif block 342,
bl ock 320, and if the received codeword is not a known

c odeviberd thegecaieadelmmvaeepdemond ticdeckrad as hgaod lsedeword (block 344),
recei ved,codewor d, i clared as .a nonerased codewor

(bl oca%‘gs@ﬁ)‘?ra%‘ﬁ%%rﬁ%“ﬁ r‘ﬁéP“%‘l\%ﬁgi%Y ik r%@ied“ﬁl} §4fe (Slock 346).
ASNR step skze (block,336). The prqcess returns, to

o 0o T et BeS iriactilbe GuR R BGSRRaREH Bk Ao, then e
[ 005Gkcdivedt kewaDbadsweid iEdedlGred(ds)a bad L6&wWIr APt S54), and the
erasure threshold, as determned in block 320, and if

t he resasgre/beesholdandedcdsed By kheo WTT. o dtsposizs (bdeck 356). From blocks
determ ned in bl ock 332, then greferring to FIG 3B)
the rid€eindedte dbreiEncassi stuas éridlpckiblldcin BlD)3A [t@ progsss the next

decodj ect, as determned in block 342, then
t he ?E{:%e%dﬁ\ﬁ%@h codeword i s declared as a good

[0060¢ odewor d Ashhotek aldst4) theatedhrilpecsedesstitied hidaei@ Iho} Ye iused for various

i ncreased by t.h TH step size (block 346). O herw se
it ERes af@dysicd & ameﬁgt% frﬁibxl?t oHePlepe FPT AlSterdion oging c K he use of

342, thdiene nEE E éﬁe&e;frﬂﬁéaﬁ’g éﬁ?&ﬂ&éﬁ%ﬁgséﬁoﬁl Q:ﬁﬁlln@riﬁ gF%ﬁlbgd below.

bad codeword (bl ock 354), e erasure thres
decr das dhlisbiyanstessivh-schesieep tsiziaal( Bésidhg 356)ywarkr ik transmission

D ookt A B P b B g s sion
(e.g., based on a pilot transmitted by the base station). The received signal quality
estimate may be translated to an L-bit value, which is called a channel quality
indicator (CQI). The CQI may indicate the received SNR for the forward link, the
supported data rate for the forward link, and so on. In any case, block coding is
performed on the CQI to obtain a CQI codeword. As a specific example, I may
be equal to 4, and the CQI codeword may contain 16 QPSK modulation symbols,

or [s;(1) s,(2) ... 5;(16)]. The terminal transmits the CQI codeword on the CQI
channel (which is one of the control channels) to the serving base station. The

serving base station receives the CQI codeword sent on the CQI channel and

performs erasure detection on the received CQI codeword. If the received CQI



[ 0060] As noted above, the techniques described herein
may be used for various types of physical channels

W0 bab/oa1c10t enpl oy error detection codi ng. ThRCT/ES200$/020086

[006]1 ndi cat or

these techniques for an exenplary data transm ssion
schene i s descri bed bel ow. Forjgthis transn ssion
scheme, a termnal desiring a forward |ink
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CQ|
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Tech que orm ng erasure
Cont el anf ‘(‘Hrasad’f b@d@m'résir@n‘ on-aasefh yodsadrd b@b‘&inme khe comparison

channel or. a data channel) that does
not éﬁ%‘ﬁo %E‘? E’?‘ﬁe HeitwctyngpLicably; agusks gled@é%’lr‘? (ggsbold to achieve a
her ei t
ey A o et AIBTL RS, By EOBARALES Q0L Saptional e
of cogedharndinges the piabadmht[y@ﬁ@&]ecﬁmd ecrcbwrdabeing decoded in error
a wreless

Cor ot ok T B & GUBRERS SHo ST L RYE: Earc Bawiald may be

and VilifisRd Was&l &5 fectiNBNRBOWE Codew REE WO aYebdiVed codewords for
(e.g., a base station). The base station conputes a

met r knowor cadgwhrdsetraisuitied: Memnmalsam desmminbmtionh elvithy, the base

and coppares th ut e ai nst .an asur

t hr es‘f?gB G. a&r%eéc%agobrgi?‘gt ?‘6% aﬁi} thF gegasgﬁecwr‘?sgﬁ ‘i?é‘cPrOVlde robust
codewpisareld@tde o Perfhnaesin vaadeyeHadnéllcoaditibg- er ased”
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m

[0063+t at j on  AyPRIVEr CaRIY! laeqhaatsm toreongph therteansmitepsivet @f each terminal

achi %Xxf | g éﬁ)@é %gt {Aﬁgﬁ{lg 2o %ﬁlﬂé&mﬁ%ﬁrvg%h Bed BYmB&tain 2 target

guanti I"onal
erasure rate on the received signal. The combined algorithm will be converging

faster because the outer loop update rate will be higher compared to separate loop
algorithm. This is particularly useful when the channel is changing fast. Another
advantage is that the power up and down commands may be used to assess the
quality of the physical channel from a terminal to different base stations. This
information is useful when a terminal is communicating with more than one base
station. For example, during a “handoff”’, i.e., when a terminal is changing its
serving base station, this information may be used to adjust the power of different
physical channels from terminal to different base stations. If the combined

algorithm is not used, the base stations have to transmit other channels to be used



rate that indicates the probability of a received
codeword being decoded in error when declared to be a

woenseeBsed codeword. The erasure threshol d nmeRChES2005/020086

adj ust ed based on received known codewords, which are
recei ved codewords for known cgdewords transmitted by
termnals in conmmunication with the base station, as

descrinfeteraingly, whenedetamining hequaliss of physisakehaonels fam terminals
provi tg %1&%91&%%@&@@03&,{ angﬁ[hﬁ% Bgig%t?%’r& tﬁé %&%caﬁ)amg{

vari ous channel con

[0064TeCchani siin tlds aosthed) | bakd etatldslﬁ l§ﬁms tpomweap anld dvaah commands to each

term nal. can be done by enpl oyi ng ‘conbi ned” |00
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recei e
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t he physi cal channel froma termnal to different base
st at |tmnal1rhn@tqratﬂedr mation is useful when a term nal

cormu Wi th [y than o base st o]
[006§4xanpl e, ‘ggs oW hgngD gy d agranil cge RIvERSa %Q ﬁfn%qwer control
is chﬁmaﬁgml The DAL/ stBGorD AB®X &t Wnkighred ttbickeditd SepBbE B process
may be used to adjust the power of different physical
chan®0sbyt pEHzing ratileast qne ofi the cpaponerds of shabpgnstationr 110x, for
t he e
have ? Q) {ééﬁlse %o?%ltle& & n(%l?&;? 92,bt{é1@ Egégﬁ;p%%&%&()@ RX data
t er mpdedessont 0, @&t arhel prbl":l@s tHeging Uathent theObasp h;mlloﬁalle receives a

channel.s fromterpginals to dlfferent base station
and tRASVH 4 d&&f%@gﬁo‘(ﬁh Onsihe reserseaiiic A stepdd) thenbase station

thi s ek hashe BRSEHRE
commggs to eac ht er(ﬁ}u% g%}gﬁb \é\ﬁ%‘g%ﬁngé}gtt%g%?ﬁ%d codeword
r e c eiiy ethsed dexvooid nfectimg tltae etasurei theeshdld srelpesmentsa s &f) thar received

O SR 2 S5k LA Ly PSR ot tp o6,

t er myagd statios EROXenetat& a ﬁkﬁ’?ertc%ntr@l%gﬁﬁge t@h@?ep”‘Ug Size” (increase
codeword sent fromthe termnal is eraséd and th

amoumy @fvabm\eﬁ‘rup)emtrammﬂ pawer Sf ethe Dcxmln& ZBie haw stetion 110x

gfg;e& G%P%ggl} a's'_god I\% né LFngl {lg%mgr}e%nmgl w?uch varies

pr ocelRferdify o®rthd Qurpet ‘éﬁi@ﬁl%%r H%éﬂdﬁigsfﬁh cbdéwbASR value and the
station HOx is configured to execute steps of

t he
pr ocdbresiodd Hie Ql?i;qu ¢ sedaytord &atot the rfkregitold,hien leSS of Sup Or Saown
Conp% tuQSe f gt s & Ak %Bgé}gorgitlk% qxgzoeé%lstgé Etg.%a%nsutié" fhe erasure

Contro e henor cessor
582, t]BXshib&l)a then at step 408, the base station 110x generates a power control

message to “Step Down Size” (decrease by a value, Sqown) the transmit power of
the terminal. At step 410, the base station 110x updates a database used for
monitoring the number of codewords that were “erased” or “not erased.” The base
station 110x may adjust the erasure threshold based on number of repeated “Step
Down Size” or “Step .Up Size” requested (e.g. number of same type of requests).
At step 412, the base station 110x may use information from database to
determine the S,; value or S4own value, for example a lookup table associated with
a target erasure rate. According to another example, as discussed above, the power

control mechanism may be used to dynamically adjust the erasure threshold and



processor 560, etc. The process begi ns when the base
station HOx receives a codeword k, described above, on

w0 bmeerses se | ink. At step 404, the base st at i PCI/HE005/020086
usi ng the techni ques descri bed above, determnes if
the received codeword is erasqg for not neeting the

erasure threshold requirenents. |If the received

codewes erivoh SN tos aqhigye. the desiedqiegiormprcedion gher eontrol channel. In
threshqgl d) . then ep 406, 1h se stationg 110x

gener%g es‘gvgmpo%rg}é%ﬁd?‘ﬁ‘l %%escé?%blgatﬁ%g aSSfoel% p ze" Saown * (1

(i ncrmase)ips a_ vakyep 43upthe hbwet ERMOTcsRRBRbn@IAE,, and Sows
term naf . )Theéas"rf)ase station TlO( determ nsﬁeﬂrsg t he Supéqarﬁd ‘

Sdowvalugs Ue tianshéitdd ag1she trhelsile etatibe. Upbfi reativinghtheh transmitted

varies depending of the target erasure qr dependi ng on
codeVBISERER A4 on BGIPTY RiSCHRFbRIRTFclhe feriesl Gubraciysbthe power and

codewphiddardothdr 'BSdé&UrS%E‘i;ﬁkﬁﬁﬂg&gég?g%?vgﬂev&!p or Sdown

val ue used.. O herw se, was not erased
[0066] e. g., | HBGA® shdwes &satdidetatand eshindlchantdiemsedtfosthe xemplary data

408, .the base station,1 10x generates, a power, control..
Mess é}@gsr{uasm%tsglben% he; t?‘émn%dgez}sglg§ éh%§gc§1@g| s&@a& quality of the

SdowRrwai§ 1ihk A8 dnsRRYVR COf cbdt&vdr& o thelCQPha2h&IP The terminal
410, the base station 110x updates a database used for

moni tcontimglly heakes maxessursfuenis ddvibe derwand dinkequelityearais seads updated

or " erased, " The station 110k adj.us e
o st EiRRGHs o B8 QOF Gl Bhse i BEE oB Sodeworas
Down d8éraed tote erddelRs bt dBtrRentd196 6@idR PeffEmehncB URABRevET received
sane type of reauests .. At step 412, the base station
1 10@&&@%@5 eernerhio; eroprasased shemd be of bigh apdlitirisinge a forward

h I f . . .
the %‘ﬂﬂ tf’a%ﬂifstsfég r%{fﬁ@ g&fégfrﬂgd baddd &%ﬁf&hﬁgﬂlaﬁ%ﬁg gglﬁanﬁ% in these

tabl € ‘associ a et erasure rate.
t 0 amohfeerse@CTobdewads.di scussed above, the power
contr ol rretghani sm nmay be used to dynam cally adj ust

[0067] he er aslfri@e tePuaHldr dchedulerdor Erwpldeinicipn g syethithgrethe serving
t he j tor : :
SUch Serr O BRESEIE 255 RRIk"E FREh! Rcd JBRREY jnlt dransmits the
Sup =zo&dopackets(dn ar foewabulisk Wata elranselr ® thesteepindll4, For a hybrid
t he power .control .ness nt ai ni ng .Su nd SdOwmn .. .
val ugttometic aelrancmistion FHARKD HABRY ¢e Epdedipackidh patitioned into
r eceipyiiige kiwb16d1@NAA dreQHbBIBASRIANAARRE aPR iFRILPHS coded packet.
di scussed above, the termnal will adjust the power

and pysosch subliotihéor agivemoededupicket s receieguas thedfopvard rlink data
chaniBFEehaDy tFarnl RS 4P dsard P APE PeaBret based on al
scherBbblddke re@ividnhlus TRofox TRS padket. I FheitMensiigRsle to recover the
qual nggketoq)asfegeon a partial transmission because the subblocks contain redundant
information that is useful for decoding when the received signal quality is poor but
may not be needed when the received signal quality is good. The terminal then
transmits an acknowledgment (ACK) on an ACK channel if the packet is decoded
correctly, or a negative acknowledgment (NAK) otherwise. The forward link
transmission continues in this manner until all coded packets are transmitted to the
terminal.
[0068] The techniques described herein may be advantageously used for the CQI
channel. Erasure detection may be performed on each received CQI codeword as

described above. The transmit power for the CQI channel may be adjusted using



forward link and transmts a CQ codeword on the CQ
channel. The term nal continually nakes neasurenents

w@booshersiorward |ink quality and sends updat edP@IS2005/020086

codewords on the CQ channel. Thus, discarding
recei ved CQ codewords deened (po be erased i s not
detrinental to system perfornmance. However, received

cQl cP@&’@M%%OId@é‘F?@EISﬁb 300 do gefevs Heedesiypd perfomeanse for the CQI
hi gh a:g%frﬁ'lgﬁ E Ccﬁ:s Qﬁ?é Ghrl tl‘n%( thtercﬁgl?éﬁ gcﬁ{élﬁ qf%réé)rerate). The

sche ormati on cont al ne

non- eraasmil p@@er ﬁm«b&m bdlStI'Ol [cﬁﬁﬁ%]s (fg., tie ACKS ¢chanfdl) bisd reverse link
schedul e or. forward,lin nsm ssion, then the

ser vi ‘g]&%e %P}?ﬁ’vﬁﬁ) B 8¢t oy thePyuiceptoles Bapsmifpower for

codeqhepégg@ﬁém@pd transmts the coded packets on a
forward Iink data channel to the termnal. For a
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coded pagcket ar, t oned i nt [ ti e .subbl oc

o SEART dsSerRa or 1d atrehar Hhebs Rifnifiice TREARS be used for
codeqrRafkRiectiOn afBHEWSHIROCKr b BandniSdive fent Gﬁ &t forward link.
acket is received on the forward |ink data channel,
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based pn aI bbl rece s far f
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bas egravessar PEITE rddeiviel adiginNpoteRBs {e.gaUembide cﬁﬂ&bhﬁfékléaves and
contain redundant information that is useful for

decodnatiylaipr reverre linkd Bl affig dptmpndpprarides modulstion spubols for the
l,
o B T DRI ) R SLA Bl L, o oo
( ACKxomtrolken 62CHnd puavitiek mofdulaher\}\ll panbels f(irsheietﬁﬂm data. A modulator
) t edgnen
ot he Q) 67k graciita e FaoARIoRom Seihas: ok tOG v egnipe} data and
this ﬂaﬂgﬁﬁbdﬁl%ﬁd %ﬁlvideﬁ 9%@16%@& KELSn GBS vafug&‘ gﬁl}gst @L%etp?ocessmg

t he term’nal ni ques escrl erei
may by BX\datat m@e@asﬂ §1Qjamﬁrﬁ0dulatdne61QiQB dcepentﬂleaﬂ on the system For

Er asur e e; gﬁ)hgf)g}é;@&l er f or I&%}g quf{rffg%égwstem utilizes

f or UFDI@Q AC ankngtter TRt QTMT?@)I o84 %Qndiﬁbﬁbgggg'y? Eonverts to analog,

control nechani sm 300 to achi eve the desir )
per f emplifies fHigrs, enkiralenchupevaierts thy sequdme @éshipednd generates a

The- traredit B M Hgf S3oHES oRRA L er 2] €l delyBhimiteed vi
the Aféntehanes.) and reverse |link data channels may
| so be set based on the power-controlled transmt

[0071bovver f ot bae stationcHAn e reyeeolnk sigpal dfoa tarpinal H@0x is received

SL\Z?} %Sf%n%{e‘ﬁﬁﬁ 653 r@ﬁ]tgd mwﬁéh & 81%15)9& 6%2,02{}{1' qu\%ﬁecp?o £receiver unit
(RCVR) 656. Receiver unit 656 conditions (e.g., filters, amplifies, and frequency
downconverts) the received signal and further digitizes the conditioned signal to
obtain a stream of data samples. A demodulator (DEMOD) 658 processes the data
samples to obtain symbol estimates. A receive (RX) data processor 660 then
processes (e.g., deinterleaves and decodes) the symbol estimates to obtain decoded
data for terminal 120x. RX data processor 660 also performs erasure detection
and provides to a controller 670 the status of each received codeword used for
power control. Depending on the value of the received codeword compared to the
erasure threshold, base station 110x adjusts the power level, as discussed above to

meet the target erasure rate. The processing by demodulator 658 and RX data



specifically described for the reverse |link. These
techni ques nay al so be used for erasure detection and
w@owenosont rol for a transm ssion sent on the POF/Ws2005/020086

link. [0070] FIG 6 shows a bl ock diagram of an

enbodi nent of a base station »p0x and a term nal 120x.
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620 d4ndhasdssaried aheruicathorveabaks Thsprosrssing dor rverse link and

dat a. ;i | ation

synbgfls%va?g?%w (Q: an S@éljpngctar gﬁﬁ%gﬁ?%@%p %%‘l synbol s
[00734dnd pr oviFdesvarss &gk eower odntobmnl SXR estimatdr 674 pm;una'fdssethe received

PGSO el Lol BvIiee Paiearard SOt f Al sepemor 67

rmy pﬁfd ? ﬂ&a@gm6@$¥e§éw&ﬂhé faréa SNTY Sih B Rridfdtdd FRS commands for

ransmtter unit (T 614 conditions (e.qg.
conv émmnalolfz‘@nalﬁg Tléﬁ}pbmma@és ata proeessed hyd TX algtreprogessor 682,

lrJ 23 g ﬁmg%‘gﬁi § uen C tc?r g% lﬁogg%toﬁ?cg ﬁélﬁetl zransmltter unit 686,

dupl eas@tted f}@u@]&pm@r 654a raﬁdrtrhﬁmtwd Rdaftennd 65 t6dSinal 120x.
0071] At base station HOx, the reverse |ink signal

[0074] r om t er #it iarming JR0x.ohe frwiapdlinlysicaal from basest@mm, 110x is received

rout g g 5 o]

Q0L REHO0 R A B i B0 o WS i it by
( e. g.recelver @itH40apricedsed dy ﬁ&dn(ﬁdtﬂﬂdﬁm aﬂd\lﬂaﬂmvlﬁb&eséed by an
the received signal and further gltizes t he

condi®¥ éﬁf@cpr%qegff?a|64ﬂ do gt eeeived FEG FoBImands-o AsERfp peacessor 624

A denp n’%’l € DEMIy 'ﬁ’%sc %S%b{ﬁfa%@t(%cﬁﬂﬁpl Whtich are used
to obt al n synmbol est mat es. receive
pr oc és Femersit G ﬂr:insmltmmgslﬁsm«mt g;ontraslel A érstwsarte gbavedthe power

decodes)  the s |rmt es t ta| n decoded dat

for GERRHEN opoes by et Hio0c Do fersBeng, %regaé Hgeviously
er as Y BsiHfie8 CdddeRoRIN YalRE %ﬂ%& erfdufe ﬁﬁékthbﬁi L8lhe G604 thyethe base
status of each received codeword used for power

cont rstation DdpmnWodylabm GlReregeivese thef canitrel MwoelP€Edprocessor 624 and

codewqrd ared, to th asure shol d,. base )

ot at PR AT bOvirclop BidRVrEs btk 9% et o Edvard tink power

abov eoht@ol RS} bd :hﬂheﬁvécﬂ gfd sitfiRbhafndrat €. The processing

by denodul ator 658 and RX dat aprocessor 660 is ) )
[0075¢ onpl enefoakgllary 628 eandr@dedistch she eperationsdofhyariayg ireqessing units

612 and 1% %ﬁ{a?g%?% RE ég{l 11682 F}gsg}e&tY\?eﬁs;Y CL&Qol?elf 620 and 670

The processing orvva nsm ssi on

per f aigyealsosperidrmrdayious functions for erasure detection and power control for the

=

forward link and reverse link. For example, each controller may implement the
SNR estimator, TPC generator, and target SNR adjustment unit for its link.
Controller 670 and RX data processor 660 may also implement process 300 in
FIGS. 3A and 3B. Memory units 622 and 672 store data and program codes for
controllers 620 and 670, respectively.

[0076] The erasure detection and power control techniques described herein may be
implemented by various means. For example, these techniques may be
implemented in hardware, software, or a combination thereof. For a hardware

implementation, the processing units used to perform erasure detection and/or



to that described above for the reverse link. The
processing for reverse link and forward |ink
WO e@n®i3ssi ons is typically specified by the spSL/E8005/020086

[0073] For reverse link power control, an SNR
estimator 674 estimates the regei ved SNR for term na

120x and provides the received SNR to a TPC gener ator
676. PIPEr gepiEplamgy 157 emplersnied cwithiss ong @  Hege pPIIQRtion specific
and e d

commiiag AUCEily CRSIRE gl 4Ll Hileed OIS Hial signal
f ur t pescegingg edsdeds bYDSPDRY U padgpammayle dogidi devined (BY.Ds), field
transmtter unit 686, routed through dupl ex { 654, and
{ r an SFRERERAGIE o2l A0S (KBS A6), PIaperwors) Canis) ers; gipm-controllers,
At t d I S
St at g oPRee8 bl IRIYRL waltd MSIER0R, o] HRRRRr ey fumctions
dupl drseribéd Berempoda comlvlaahcaﬁhemogl tized by a receiver

nit 640 rocessed.by, a denpdul. at 642 nd .fust her
0077h o cess b iRblemenElRa bR Rhnges, Shgihed bl may be
r eCGhMﬁQmEH@d%Mﬁlesée P oréiea6R8 SRichAR, hhteEo on) that perform
detects the received TPC commmands to obtain TPC

deci $heofimctionsi descrzired hesan. tBleg?@iﬂ@ram eodgs tmaahbﬁwtprqdam memory

adj ust nent cont r ol ed ab wer
2o L SbiTEGE- BRr gty 67,0 HEL B B ARG Bk A pBiR g, controler
on r@hay. i The flemiE\hi@ ﬂf:JIyYOet iy ntdt & o/ it RORP6teysdh e external to
and the erasure threshold value used by the base
st at itshProeeRor, b Biliicly esse 810an hecemyeyniedtiveboeruplsd totherprocessor
TPC RIOGEes he transmt power for
the r {eaver sggfn %ﬁsﬁgﬁéﬁ%gﬁgg lttFor ward |ink power

[0078Font r ol Thypleeiocas deweyipton of theslistidsad embodiatents[i®ProF]ded to enable

Controllers 6 nd 670 direct. the o ations of
var i 80% PﬁFSBEe‘i%u%gI% fhe &t \ip 1 Hpke P%r“ﬁ$ ﬁ‘%q st Wxentipks ¢ Various
st at gy 1?0% ns foGREE b%ﬁirﬁ{entscﬁ}ﬁg bOlehily %ﬁﬂré}e% £68 JBlfed in the

al so per mvarious functions for erads tection
and poyweand the génenic piiociplds eieﬁmd/\lmrcinlmzrykbeaapphccbtom‘chﬂ embodiments

lslNgk g@@%ﬁ%ﬁ@aﬁ”a LS eaﬁag tgrol%{:lr?ﬁg toga%%tll‘rl%ﬂ rT1rtlemThus the present
adj UgtveRfdén HMidt 1ﬁt9ﬂdekitt§ bE 'lﬁlﬁtedqz@ hé OhbEdinAR sBHWn Brein but is to
data processor 660 may al so inplenment process 300 in

FI Gsbe aAcqrd@ﬂ 8B widesb sgopa reonsiste2with ¢he peingiples eandanayel features
and ram codes for controllers 620 and 670,

resp 3% ‘ﬂmPOO76] The erasure detection and power

control techni ques described herein may be inpl enented

by various neans. For exanple, these techniques nay be

i mpl enented in hardware, software, or a conbination

thereof. For a hardware




i npl enentation, the processing units used to perform
erasure detection and/ orpower control may be

w0 pqpomamBmne ed Wit hin one or nore application spRCT/UB1005/020086

integrated circuits (ASICs), digital signal processors
(DSPs), digital signal proceszslng devices (DSPDs),
progranmabl e | ogi ¢ devi ces (PLDs field programmbl e

gate arrays (FPGAs), pr oce@W&ont rollers,

m cros,contr Llersg m croprocessors, other electronic

units e8> per form the functions descri bed

herein, or Aanf@ivdl BRLEASMIINE RMer doBRSI In OEorAmunication system,
software i nplenentation, the techni ques descri bed
pemplisingests & i npl emented with nodules (e.g.,

procedur ' . . Lhat performthe

funct ?%cﬁgﬁ%ég&%ygg@ lgraziiﬁlrgt&]?fﬁlgé}')s% war e codes nay be

st or e%ehaatmgmm@sagu i bdjlet the powenbasgd ohivihethé? sil coliéword was
6) and_executed by a processor (e.g., controller 670).

ThbIhiberpsuie fhreshald; Bed | npl enented wit hin the
_ : i n which
P ey i Bl fh S BLARRS . | D, Secsor vi a

various neans as is known in the art. [0078] The

previ qus,_ descriptiop.of the disclosed enbodinents jis .

br ovi ded b et e c[,%w%e} §19ﬁn§1kiﬁ?ﬂ§ﬂf PRI Gfgenerating a
FRES 000 HeGedsB Qh@{)@ﬁ&rﬁ’ dbfRMRREA Akt sMB'doBFord is within said erasure
modi 17 be readily

Ications to these enbodi nents w

tpeshobnt to those skilled in the art, and the generic

princi ples defined herein may be applied to other

enbodi ments wi thout departing fromthe spirit or scope

of the, ITA¥enith@D as EitSed b Qlaih €S EifthdrotRiPris@il hdt dTQdenerating a

intended to be [imted to the enbodi mnents shown herein

pigssage to dnereasgcibe rmpsr tif delgimined thatosed codmyasd dpmofhivithin said
i NGl pl es and novel features disclosed

RSB R E° o 10 6l i ot T o0 1 o method of

perform ng power control in a comunication system

conprising acts of:. receiving a codeword via a first

wi r el és$he mefhodgsirdaimer Ag cheitheds $geein srid aptiRfisepprating a message
R R
sesundated rel ess link. 2. The nmethod as clained in

claim1, further conprising act of generating a

nmessage to decrease the power if determ ned that said

codewsr Giné fhetddMst1aied iff ERRHE wherein said act of generating a message

to increase the power comprises act of determining a step up value using a target erasure

rate.

6. The method as claimed in claim 3, wherein said act of generating a message

to increase the power comprises act of generating a message for a first physical channel.

7. The method as claimed in claim 1, further comprising act of adjusting said

erasure threshold based number of same type power level adjustments requested.



threshold. 3. The nmethod as clained in claiml,
further conprising act of generating a nessage to
w0 p@omerses t he power if determ ned that said coPEWOSZNOF/EB20086
not within said erasure threshold. 4. The nethod as
claimed in claim?2, wherein sgid act of generating a
messagie to _decrease the_ power caonprises an act

n

. > .of -
det er fi ni nghamalgd aosiived de daimng ¥hemny dge &#1d sqfr gansmitting
flfi’ﬁlgr conprific T8t PMatthift %Mcérﬁaﬁe%ﬁﬁ 3 CWPWiBon Multiplex
sard act™ o %eneratl ng a ffessage to increase the power
Aoepss (GRS Acthafie.det ermi ning a step up val ue using a
target erasure rate. 6. The nethod as clainmed in claim
3, wherein said act of generating a nessage to
incregse thge RANRI 9 TRfihS®Sn a%dimCl, SARRNRLIGaid of transmitting
message for a first physical channel . 7. The nethod as
fiirthemeompnisiog actrofl trahsmittieg irc eeqordasica gvidie an dPrthogonal Frequency

dj.ust { pg..sai ur.e threshol d based nunber of sane
ﬁif%@%kﬁg‘i@@é&%ﬁg@f%%nts request ed. 8. The net hod
as clainmed in claiml1, wherein the said of
transmtting further conpri si na act of transmtting in

accor d@nEle wethrd #s chmediy Flsimar, Mieraippaid apicefesansmitting further
U N L -

Rhultiglé Actas sOFDMAschémaccor dance with an Ot hogonal
Frequency Division Miultiplex (OFDM) schene. 10. The

method as clained in claim1l, wherein said act of

transgtti B o C ORI tofifrof #d S8thinkihiGkidsyst
accor a'nceﬂgvia%ﬁ%n &)tﬁ%g{ma g@?‘@%&é’nc? % V?SI on 1T SYStet,
ddmhprigmgeactcafess (OFDMA) schenme. 11. An apparatus for

perform ng,. power.control in .a communication system
conpr P??ngog'é"fcgwﬁg a ?‘%’%WQI‘PW ariﬁ Ete‘?’@‘?lﬁsﬁthé’?(c odeword vi a

a firgleaid fofbeftatidg KmeSBaOR Jdpist ERRFAL bRBAd 3nVRARHRY Sneans for
to adjust the power based on et her nmeans for said

s0d codemidrdueres within saidserpsire thaeshold; aid eshol d; and neans
for transm.tting .said ssage on secpnd wrel,ess |ink.
19 TR FaR e e R o S e P Eetens B hor

conprising nmeans for generating a nessage to decrease

the power if determ ned that said codeword is within
12. The apparatus as claimed in claim 11, further comprising means for

generating a message to decrease the power if determined that said codeword is within

said erasure threshold.

13. The apparatus as claimed in claim 11, further comprising means for
generating a message to increase the power if determined that said codeword is not

within said erasure threshold.

14. The apparatus as claimed in claim 12, wherein said means for generating a
message to decrease the power comprises means for determining a step down value
using a target erasure rate.

15. The apparatus as claimed in claim 13, wherein said means for generating a
message to increase the power comprises means for determining a step up value using a

target erasure rate.



said erasure threshold. 13. The apparatus as cl ai ned
in claiml1l, further conprising neans for generating a

wore®sagB1de o i ncrease the power if determ ned tPEE/USHDE020086

codeword is not within said erasure threshold. 14. The
apparatus as clainmed in claimyy2, wherein said nmeans

for generating a nessage to decrease the power

conpr i $&sTheeapperatusrasdddimediiniclagmd 3s wlpreitosmd vedane for generating a

usi n attar et erasure rate. 15 Tsp[g ﬁ%%?r tus as first

PEPREHS FOERST He O™ i ePTi oS Bieg i PP S Ig S spph for 2 firs

3ﬂg@ﬁ@p@ﬁnﬁ@,increa5e t he power conprises neans for

etermning a step up value using a target erasure

rate. 16. The apparatus as clainmed in claim13, wherein

sai d mpangyf of, geRer A lNgnmdy ”{ﬁscﬁ?ﬁ? 110 ARELERSEplilifle means for

power Conpris REEENS £oF generating a nessage Por &

fadjsdting Rl erasure aesteild biséd nlintbed pfatait Ugpapowtnalereldadjustments

in claim21l, further conprising neans for adjusting

sdestidasur e t hreshol d based nunber of sane type power

evel ol UShIRplsclRAlERIRtol ysit], & nggﬁpaah%%m rising:

comuni cati on system an apparatus co I'sing: an

el ect r amelectcmi¢ devices said ekkiratic device denfigneedcto médeguer ecbdeword via

to.receive g codeword via a first wwreless link, to .

oo st atieeicss olks ey Eenegpie, o TSeage @ qgish feppeSts tgsed on whether said

VRRILRSEd Ak dvid QT erad@e Whdshéla, 8Ad draftAR Wall message on second

threshold, and transmt said nessage on second

wvirelessdinkl. i nk. 19. The apparatus as clainmed in claim

18, wherein said electronic device further configured

to generate a nmessage to decrease the power if

det er m 9\eFheldppiratiliadl cladedvay dailiB18)iviierdin S8l @lRtrdpid d@vice further

threshol d. 20. The apparatus as clainmed in claim18, )
yedste gongrelet  angssageeld dectpaset ther pewert ifgdeterningd that said

. ' e the power if determ ned
?‘ﬁ";&?&%‘ﬁa@%o eaagt?gralglgeﬁggh%@hi n said erasure
threshol d. 21. The apparatus as clainmed in claim19,

wherein said electronjc device further .confi ?ur ed to .
det er ntthelhs appagtig gaalamedim qlaiph i, yvhessip spd sfeglrgnig device further

r sl l-ai ; : ) )
i Fafignied 1ol gEnGBRN FoliB S 1 (RUPRE 1R PR Hetormined. that said
detdewnidns nat within segd evasuresthreshold. a t arget erasure rate.

21. The apparatus as claimed in claim 19, wherein said electronic device further

configured to determine a step down value using a target erasure rate.

22. The apparatus as claimed in claim 20, wherein said electronic device further

configured to determine a step up value using a target erasure rate.

23. The apparatus as claimed in claim 20, wherein said electronic device further

configured to generate a message for a first physical channel.

24. A machine-readable medium comprising instructions which, when
executed by a machine, cause the machine to perform operations including:

receiving a codeword via a first wireless link;



23. The apparatus as clainmed in claim?20, wherein said

el ectronic device further configured to generate a
worewsagsid or a first physical channel. 24. A PCT/US2005/020086

machi ne-readabl e medi um conpri sing instructions which,

when executed by a machi ne, cayse the machine to

perform operations including: receiving a codeword via

a firseengratvigasmessagk togediett dhe popver haeggatg whehensid sodeword was
t r er said codeword was wthin
sgﬁgﬁgﬁggﬁ%gﬁfﬁ?ggﬂﬁy fpand transmtting said nessage
on sectragkmittinglsaflsméssade. on’fecorl wieleislenkl eadabl e nedi um
of claim 24, further conprising machi ne readabl e
instruction to cause machine to generate a nessage to
decrea h ' et er:m ai d | .
W thi nosard e ae reddpeChRA 6F i 287 i R machine
meddabhe Ofstro¢tainntobnsd mathiee te gonmrats iangessaghindecrease the power if
readabl e, i nstruction t.o cause.machine t enerate a
rsdmeed et i codewondia wiliEreid fraghue SreitABY t hat sai d

codeword is not within said erasure threshol d.

26. A machine-readable medium of claim 24, further comprising machine
readable instruction to cause machine to generate a message to increase the power if

determined that said codeword is not within said erasure threshold.



