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Field [0002] The present invention relates generally to data comuni cati on,

and nore SpeC'flca"tﬁ@sé?&iﬁx@ﬁéﬁmmmwymrmrol usi ng
erasure detection in a wreless comunication system [1. Background [0003]

A wirel ed8004il ti pl e-Boc emsent ofppliseiden ifem Patgatt iR caontEMAtAn inrRas of >Pat°§hpport
comuni cation for N | t_l;q”p&! cates
with one or nor e%ﬁﬁ%ﬂagﬁﬁor m‘{%% %géénrgcg%g?to%lg&ggl)%ﬁg % ang reverse
| i nks. The forwaBdsddi (lese(doroc@owdrrﬂohtrbﬁffﬁas Tile 1Bh20®p mmdi Pateatt Appiicatiomk from
the base stations_to the term nals, andth or, k) refers
to the comuni caNOOHO/iSWrﬁ@ eRiednEower PR st{" e‘{fﬁéefﬁa m%ﬁsg Eeffb04]

Mil tiple term nakg Ry ShHBE.hANRRUDIkide” 6@1@&“1{1130@2 t A4l QY itEch bbihkclkin

mul tiplexing their transm ssions to be orthogonal to one another. The

mul tipl exing att eriptity tco Paichi éxpphmlmd&@né@/ﬁ@s@rmﬁ@le@heR?ﬁﬂsﬁmelé Powger se
link transm ssi

orthogonality, i Sg ltﬁxg\%%m éﬁgmﬁé‘qg ?@qlﬁr an%m%g‘g%}%@r om ea%:‘ﬁ g‘?er m nal

not interfering Weebf ddeherdbl @mBisBsihanporhted by eiffrencetlereii.nal s at a recei vi ng
base station. However, conplete orthogonality anong the transm ssions from
different termnals is often not realized due to channel conditions,

recei ver inperfections, and so on. BACKERDUND2
I Field

[0002] The present invention relates generally to data communication, and more

specifically to techniques for adjusting power control using erasure detection in a

wireless communication system.

L. Background

[0003] A wireless multiple-access communication system can simultaneously
support communication for multiple wireless terminals. Each terminal
communicates with one (;r more base stations via transmissions on the forward
and reverse links. The forward link (or downlink) refers to tﬁe commuuication
link from’the base stations to the terminals, and the reverse link (or uplink) refers
to the communication link from the terminals to the base stations.

[0004] Multiple terminals may simultaneously transmit on the reverse link by
multiplexing their transmissions to be orthogonal to one another. The
multiplexing attempts to achieve orthogonality among the multiple reverse link
transmissions in time, frequency, and/or code domain. Complete orthogonality, if
achieved, results in the transmission from each terminal not interfering with the
transmissions from other terminals at a receiving base station. However, complete
orthogonality among the transmissions from different terminals is often not

realized due to channel conditions, receiver imperfections, and so on. The loss in



orthogonality results in each term nal causing sone anmounts of interference
to other termnals. The performance of each termnal is then degraded by
the interference fromall other termnals. [0005] On the reverse link, a
power control nechanismmay be used to control the transmt power of each

terminal in order to ensure good perforfrance for all terminals. This power
control nechanpsmis. nornally inplenented. wth two ower_contraol | oops,
whi ch are of tén ear gfdreélgl%"ﬁnneﬁémﬂ%% “And'sai m'eoﬁ?%l’}xﬂs \I(I)\%(l)lbt?r?e & Pnner | oop

adj usts the tdta@shihinplOWEThOhedodn@ihbi Bdlcadliediniiddls ien dg@efiedas; dgi gnal
quality (SNR), as measured at a receiving base station, is maintained at a
target SNR TREU6sRes rPBap oy tism&alshe target SNR to maintain a desired

bl ock rggogior rat e OBERC: B BAEkSorh Bhudih&LeRERmyl Q008K Jhsagqnvent i onal

power control nechani sm adjusts the transmt power ach termnal such
t hat the desithedainnac kbpackieicle rarminal at @déstoanbire wedd perfotnivace fevalr se | i nk

transm ssion fromthe termnal. A ergor, det ectiggln .cog%Lﬁ such as a cyclic
redundancy cHeepng ¢ BHES” F%n”iogﬁ’l“’(? P Us B8P BT JER e Wiatar each
received dat apoQJeQGSAtRﬁ%ﬂ:ﬁk, VRicH ereasied &@drﬁotﬂ%r’oroo?Qn@raﬁ@‘ﬁutezﬂlgo arget SNR
is then adjusted accordingly based on the result of the error detection

decodi ng. Holwevianer lnp exdjuers e tteosriig povedef metyrnmoal soeh wea dtsf weetsdme

transm ssions, e, Q.,. | he overhead for .t.he,error. detection code is deened
excessive. A S&?ﬁ(/%‘ﬂlfyo&g{l{)’ %So%?su’éegln“ttraoﬁecer%%gﬁ"iessgﬁ Kat® Ilnélflfaglseg&ﬁ dan error
detection codgrge@fMR! TR M&&Cloogiaﬂjﬁ@tﬁ ke fafer EBRRS® hhidbsiTh 98diRADIodk0007]
There is a need in the art for techniques to properly adjust transmt power

for a transmasitere (WHdiRermerkederrecriediEBddi ng is not used, or at |east for

a usef oggpal ter natjye.o SUMIRYG o, 0008:) Then PGSRl AUEALLAR BLavIdes a
met hod" of “perform ng power comtrof "I & cmuni ¢ati on syste Wherein the

met hod conpri&els el vhdgihar erddsped biokl/ padket icfdt it ieh@ssrell ifkthegener at i ng
a nessage to increase the power if determned that codeword did not neet an
erasure t hr esEHites, infeasaising Fomubhe ggane decrendecting cqssweichisf 2det er ni ned

that codeword. 0 d.FBhal G Bl ASMECADIEEARLM ull 30 URLhBHhHIE fSSAgE On
second wirel ess 11 Q;E%gnahaéj ug%tlr%)g t Ee B&as%’r e thr eg?horfdg upon receiving a
codewor d t hatretesved denobinclo/pd€woisddecdded correctly or in error. The target SNR is
then adjusted accordingly based on the result of the error detection decoding.
However, an error detection code may not be used for some transmissions, e.g., if
the overhead for the error detection code is deemed excessive. A conventional
power control mechanism that relies on an error detection code cannot be used
directly for these transmissions.
[0007] There 1s a need in the art for techniques to propetly adjust transmit power
for a transmission when error detection coding is not used, or at least for a useful

altetnative.

SUMMARY
[0008] The present invention provides 2 method of performing power control in
a communication system wherein the method comprises receiving a codeword via
a first wireless link, generating a message to increase the power if determined that
codeword did not meet an erasure threshold, generating 2 message to decrease the
power if detetmined that codeword did meet the erasure threshold, transmitting
the message on second wireless link and adjusting the erasure threshold upon

recetving a codeword that is 2 known codeword.



[0009] The present invention further provides an apparatus for perform ng
power control in a comunication system conprising: neans for receiving a
codeword via a first wireless link; neans for conputing an indication of
confidence that the received codeword is correct, the indication being based
on a determnation of the Euclidean di%tance between the received codeword
and ea of a set0of passible valid,codewords; s..fo enerating a
nessaggh?% adj ust ?%@PR%%ﬁePV’gg%dh%%*f E'%%? %%g$§%ﬁ%ﬁt%ﬁqrﬁ§?ca i on of
confi dence Waswik tddhflolaid a @baSitheatibd epb@h, diongilingRakand Oir fetdnggiat ting said
message on second wireless |ink. [0010] The present invention further

provi des in goffvedesa aossuvickss dils meanedpr SATRYPEE ACuLDBHPR i Y ng: an

erectron ¢ deh@fencs ol RELTANAHRMIC CondiOhd SMIRHLA Beif6RkY B COdevOr d

via a first wreless 0 conmpute an i ndi'cation o ence that the
recei ved codedwdrthiriasion of tlediudidaedlistanca beteteer thenateived coflewdriean&undhi dean

di stance between the recei ved codewprd and each of a set of ossible valid
codewor ds, t *igerbelRasst kﬁ@@@&ﬁgwpggéﬂfﬁ§gbﬁ%@£B8Wé?“ﬁ&?&ﬁ“bmﬁh her the

i ndi cation Ofpo%%fbhéﬁ%ﬁﬁﬁ@&e%moﬂﬂﬁ%d%%&ﬁ&x bl & waANgidhif ant ransm t
sai d nmessage on second wireless link. [0011] The present invention stil
further providssrcathmembhidnesd smdabfe tenemagey sne diassnge enpersidyitelpst r uct i ons
whi ch, when xgcuted by a nmachine, cause the nachine to perform operations
including: r iving a codeword via a first wireless 1link; generating a

nmessagpote] adj ust -tie pROVAT inPaERA ARHMNgIbAesSA d wREBWOEShmWAISatnt hi N sai d
erasure threshold; transmtting said nessage on second wireless |ink; and

adj usti ng t hesygeas an eapphreshestmprispign 2p edeitpnisgdericeo dadorlertontst d¢vécea  known

codeword. [0012] Various _.aspects and e di nent;s, of the |nventi are
descr bed | n IR AL MR PR ol R EB0 B Beeset PR 30886 - 2
BRI EF DESCRI Rl doififiincd izt DRAVENGR {JAed:01d I herrée dhicdas adetedahation sf the

present invention will becone nore apparent fromthe detail ed description
set forth bel®t Ritslifcanafigtanenberapgru et feerved codepiord age gafth s 4 setvitfi ch | ke

reference charaghersudh (6akid:, 9"JhSRANILALLY: I EGUINRYU 0w RN WGRET N:

whether the indication of confidence was within an erasure threshold, and to
transmit said message on second wireless link.

[G011] The present invention still further provides a machine-readable storage
medium comprising instructions which, when executed by a machine, cause the
machine to perform operations including: receiving a codeword via a first witeless
link; generating a message to adjust the power based on whether said codeword
was within said erasure threshold; transmitting said message on second wireless
link; and adjusting the erasure threshold upon receiving a codeword that is a
known codeword.

[0012] Various aspects and embodiments of the invention are described in
further detail below.



[0011] FIG 1 shows a wireless nmultiple-access conmuni cation system [0012]
FIG 2 shows a power control mechanismwth three | oops; [0013] FIGS. 3A and
3B show a process for updating the second and third | oops for the power
control nechanismshown in FIG 2; [0014] FIGS. 4 show a flow di agram of a
process 4000F006/946r control mechanism [0015] FI G SPGHEREYRR® and
control channels for a data transm ssion schene; and [0016] FIG 6 shows a
bl ock di agram of a base station and a ter3mi nal. DETAI LED DESCRI PTI ON [ 0017]

The word "exenplary” is u ' ; [ n exanpl e,
instance, or illustrati onﬁwﬁﬁﬁﬂ%}mﬁgmﬁ@gﬁmgn bed herein as
"exenpl anygyo} s not nNEkewsates lad hauke R sitenthvagtion eilivecade aforaspparthageous
over other enbodi nents or designs. [0018] FIG .1 shows a wrel ess

mul tipl e-access &emnibaidstatiebeessyriionrset eth belgys when Bsen ihequrgision, Wil ier  of
base stations 11 - ; %p#ﬁg ' HoHG £ BB EeRdiRd Yy Wb BIRES
termnals 120. Agﬁas 81?%?%11]'(% a |>?3%Eﬂsat&g!tsilo%{ lfggd %ggr dﬂgéo%"runiﬁ%gti ng
with the tern naksd wheteimay al so be referred to as an access point, a Node

B, or so Qt her terpnol . Term nal.s ,120 are typi.cal | i spersed

t hr oughoﬁgmt1 e systeﬁd']gﬁg&g%\%ﬁlr@&?srﬂuﬂgﬁeﬁﬁﬁ?s%%o %5&3%8#6#2@% e. A terninal
may al sqoi)r ef err egid.  sRSwPa pEMArlcBntEd] Alehisnewiih Gire€Ropyynent (UE), a

wi rel ess comuni cati on device, or sone other term.nology. E c¢ch term nal may

comuni cdP®13hi t h oneFIEiS. Adraad BBsbowraoshisiopApdaHBE fhsrskerd 21 e | i nks
at any given rm[g%g#n]}ve;]’@én%og&g ?@ﬁ%%@ﬁzt he term nal is active,

whet her soft han I S supporte ef the terminal is in soft
handof f. [B0I4]si npl i cFIGS, 4 skdvca {lbwalidgrars hbmprotesa HEdfe powascantrot theshemisrar se

link. A systemcontr r. 130, couples to ba stations 110 ovi de

coor di nat[ﬁlﬁand con’?ﬂdbﬁ:> sheys ‘WI%%@O 0836’%1 © %F&B%%&at%ﬁansflﬂﬁ%@%e%enﬁ s the
routing qpoggta for pire 6lsB6W ABlosk &a fRYatd efn aR@S Gerirali ons. WO

2006/ 007316 PCT/ US2005/ 020086 4 [0019] The erasure detection and power

control techniques described herein may be wused for various wreless

communi cati on systens. For exa ! s may be used for a Code
Division Miultiple Access (CDl\/A;THSEGB;S emlng%?geﬁﬂT vision Miultiple Access

(TDVA) sye0En a FreTenoyd Bexcngilay” §dibsadpheseihAdoanean “serving as an example,

instance, or illustration.” Any embodiment or design described herein as

“cxemplary” is not necessarily to be construed as preferred or advantageous over
other embodiments or designs.

[0018] FIG. 1 shows a wircless multiple-access communication system 100.
System 100 includes a number of base stations 110 that support communication
for a number of wireless terminals 120. A base station is a fixed station used for
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.



(FDVRA) system an orthogonal frequency division multiple access (OFDVA)
system and so on. A CDVA system uses code division multiplexing, and
transm ssions for different termnals are orthogonalized by using different
ort hogonal (e.g., Walsh) codes for the forward |ink. The term nals use

di ff erent woswudwsatandom number (PN) sequences for the PEUVESAHES/2)HER i n CDVA
and are not conpletely orthogonal to one another. A TDVA system uses tine
division nultiplexing, and transm ssi ongt for different termnals are

ort hogong)ized by t asmtt different ti nt erval.s system
uses 19 rej{’fgﬁﬁy di vi s ‘iqt%fl ov%leﬁaoqtf?itinﬁxélﬂg?ﬁiegﬁrg’ﬁg r(ﬂ'nrf[’i)l\/p}f’erent
termnnals are oryhagenddroaedifeless dchafsbdtioh Bgtdnis. dFdrferaaple, heRGEEAGes

subbands, An OFDVA systemutilizes _ort h(égonal freq uencM| Vi si on
mul ti pl exi ng (OFEWY,bewasednforfer ceds avigion Muliiple opecess HeDM/er siistems vis Tang

bandwi dth into aD'ing?lgrre 19AEEE§9§’1§212L35'§SU _%%e@léﬁ&?ﬂgésmnﬂﬁﬁ Adhbands

are also conmmonly r to as carr frequency
channel s. An OFDIFEDNWY tsystems an usthogenal dreguancy mgmnmlmulhplbtacmsexoﬁ@l\%henes

and may enploy any conbination of finp, frequency, nd/ or di Vi s

ol 1 pl exi ho. [ OB Ebioni SO oFERoeharer AT BB P or ous
types of phySI C hnsmi &SRR NJr S difffnt dermiifdls &P | SihoRbilized ye GhingNdigfe®hng. The
physi cal channels nay also be referred to as code channels, trangéort

channel's, or sonertirdesal (eigerWalse) cogss foriee foryari diak. CFheramminals peg differept

i ncl ude "data' f

channel s used toggegﬁgk%\‘}g&ﬁ%?&%cw ‘Ill}egge{sgbrcég sys%éﬁ?ﬁgﬁgg% ngrn?{‘ erent
control channel scomplsteiyd orihdgoaaletat omeypmﬂheﬁ AoTDMA systaﬂ’noumtum d1vEsmusn

exanpl e, a system use a .ch n to send hanne

i ndlmgat ors ()(/:QI ) MU EaRE \P&’%Zﬁaﬁsﬁs’d’ﬂ%l Pk g‘f@f"“&t %§§e 8”5‘?‘5%«5‘? 126%2133’ an
ACK channel to S%%nﬁﬁiﬁgmﬁfé%mhé it ARFDMA ¥bitdd ué’éétﬁé'ﬁ[&édc dmsmn
retransm ssion (H ARQ schene, (3) a REQ channel to send Qﬁ&ges s for data

transm ssion, anthudiivlexing, Tné thenyanswissions foméfferentagrminalsrang gaaprasybiot her
types of coding, E%ﬁ%ﬂm%lgoﬁgplf?e é’n?rﬁ‘%%xﬁgl L@fRaeRA! | ST ‘égs??q% utﬁf'zes

exanpl e, a physiC nne oy ‘any’ codi ng, and Sent "in

the clear"” on therthghoysli fesghereiyalivigbn mltiplaxsng @FDNI width aﬁacnaé@i@amgﬁhfyd
bl ock coding so that each WO 07316 PCT/ US2005/ 020086 5 bl ock of data
i's coded to obtaff ¥° %Yé@ﬁloﬁzdlidmfo%maew Bikeh AL UhRaRal GANERCY OO,

These subbands are also commonly referred to as tones, sub-carriers, bins, and
frequency channels. An OFDMA system may use various orthogonal
multiplexing schemes and may employ any combination of time, frequency,
and/or code division multiplexing.

0020 The techniques described herein may be used for various types of “physical”
channels that do not employ error detection coding. The physical channels may
also be referred to as code channels, tranéport channels, or some other
terminology. The physical channels typically include “data” channels used to send
traffic/packet data and “control” chamnels 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 charmel may also employ block coding so that each



sent on the physical channel. The techni ques described herein may be used
for any and all of these different physical (data and control) channels.
[0021] For clarity, the erasure detection and power control techniques are
speC|f|caIIy descri bed bel ow for an exenplary control channel used for the
reverse | M{K2006M0aHS$Ni ssions fromdifferent terminals oRCTRPEIYEAN ol
channel may be orthogonally nultiplexed in frequency, tinme, and/or code
space. Wth conplete orthogonality, no interference is observed by each

termnal on the ngr C wever th f

sel ective fadi ng%%’BfFOeét"rt?ﬁtc%%tf’ﬁbg%@qﬁéﬁwn g?oggsgg(g%rﬁgiéfs& h{a sy s%gm

bandwi dt h) and Degeloairthé ﬁuﬁxdapcmanenh)tecﬂnmes aesaﬁsed Eﬁemnﬁa}fbe)mmlfbf er ent

term nals may not be orthogonal to one another at a F’leceLf’ i ng base station.
n

[0022] Data is sé?ﬁtaﬂdrﬁnmfél@z%%d’éﬁf@ﬁlﬁ%h}@w&ﬁﬂﬁté@d%WP P nnel , with each
bl ock _cqpbA| N N9 2 RiCURkES THBCElEDRiedibn (ki dar Bidhtol Eashigdat ardl ock

I s coded a bl oc to obtain a correspondlng codeword or coded data
bl ock. Since eackpecifichlly Btsodbeddwinvaionsn Exelrmnlery comfeal ehannel ysed frydhe fsverse

different data bl.ocks.that. are p 2L. SSI
codebook, one co B’ﬁb Ifa’f‘ﬂ?lssé%hﬁﬂpf(?ﬁ%gwt tert ‘%’1’ g’éi( cg@:ﬂ(ﬁm@erm r?[}’[yabe
transmt codewor @ané@nallrutiiiexed 9 Eeguendy, ttinee, @ﬁrm’bf edde sph&nnWhth c{oa@m} A

base station receives the codewords transmtted on the co h gl by
different term n@ﬁbOgGFN@YbI%@t%fF@P%ﬁ °B%e|f‘ff‘6‘rh¥§a?}h@”8’6‘ I 1%1“8 K

decoding on eac@ F?’%’qry tgﬁfﬁﬁ‘{,‘*@%@l&“@c gv%@n%%@eﬁ@l chis

a data bl ock deerre ni)st een trans ted for the recei ved
codeword. The birespbnseempals nbe magtcrbebqnéwfddl)nm;ﬂ Dapplar (dngstonmenement), ftbe

eaatvetl codewor GBI FiTREn Srepplansy bR it BRRE e iChEr

codebook. | n gengsRlvind e sthtil. | dean di stance between the received codeword
and a given valid codeword is shorter the closer the received cqodeword is

to the va0P2lcodewor Batadsgentsn|tiorks onithe exemplary sonEfashappid, With pshebloglhdewor d

is fromthe vali S
codeword with t hgom ]ort’es‘:g ecETJ}ﬁr%gtgﬁmg{er;b?Qchd t%ﬁt %gaﬁggggflo\% %déécg‘!\?\oﬂ?d S
provi ded as the déimiteddettabtdih ackrréspondifpcadeweidwedodaiatitailpek. JiO@Z4ath As an

Cont i i ng K moddFa: PEK PRt L T e T AP R (A estaree s

mapped to 2" possible codewords in a codebook, one codeword for each different

=0

data block. The terminals transmit codewords for the data blocks on the control
channel.

[0023] A base station receives the codewords transmitted on the control channel by
different terminals. The base station performs the complementary block decoding
on each received codeword to obtain a decoded data block, which is a data block
deemed most likely to have been transmitted for the received codeword. The
block decoding may be performed in various mamners. For example, the base
station may compute a Euclidean distance between the received codeword and
each of the 2~ possible valid codewords in the codebook. In general, the
Buclidean distance between the received codeword and a given valid codeword is
shorter the closer the received codeword is to the valid codeword, and 1s 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



WD 2006/ 007316 PCT/ US2005/ 020086 6 (e.g., BPSK, QPSK, M PSK, M QAM and so
on). Each valid codeword is associated with a different set of K nodul ation
synbols, and the 2i' sets of nodulation synbols for the 2' possible valid
codewords may be selected to be as far apart (in Euclidean distance) from
each ot her Ws20p@gsm6l e. A recei ved codeword woul d t henPEBNEENHIARIecei ved
synbol s, where each received synbol is a noisy version of a transmtted
modul ati on synbol. The Euclidean di stanced between the recei ved codeword and

a given valid co evvo Y, o LGskd( ] Zir: Eq(l)
K1, where S. sEH’[SK (j}pﬁﬁ %g%ﬁ\/gﬁasi%bmfdk% ecEZaf:}\Q/e‘) g, %@%‘%"F& 1Is<

(j) is the j-t h mma&tll Wwith Sy diffetent @t uﬁkl dlod@ld&bwminbolsamﬂl fhe £ peth Snft he
Eucl i dean di st ance between received_.c odego and valid codeword i [ 0025]

Equation (1) compAduitiongyreepls oA dlifn? cRasst heféhégo R WE‘E] §oisd tR1p 38
bet ween the K reggl @E’t ”ﬁQ&lﬁie&Prdlsfte{ﬁEe)r ﬁﬁ&n‘ Eé:c‘ﬂ 6REeURrand. t e riieived
nmodul ation synbols Tor the valid codewrd. The data bl'ock corresponding to
the valid codewspdewsird wonlighemednkais K rﬁcel‘(dd)symbolpmhﬂr@le@hascmreé spiwbelded dat a

Chere 15 no di et SR EoAG o kemue s e bndfort, L GRS (bg 0.

recei ved codewor Geiweess Glerregdivedicodewodd il a gigditlvalidabdéwed nfigbededtipatad &s: bl ock
is indeed the transmitted data block. A netric nay be defined and used to
provi de an indication of he confidence in the decoding result. In an

enbodi nent, a netrj 2asfd|ow3 m k) = dm (k) Eq ( d. 2(k)
wher e d,,(k) is thé%EucKl dﬂ |§€§nce bet ween recei ved codeword k@ig& t he
nearest valid codeword; d,2 (k) is the Euclidean distance between received
codeword k and the next nearest valid codeword; and mk) is the nmetric for

recei ved codewor d whers\G, 2008 0B t@eiPais yusrd 68 fg2008 6odeword k;
s,(j) is the j-th modulation symbol for valid codeword i; and

d;(k) is the Euclidean distance between received codeword & and valid codeword i.

[0025] Equation (1) computes the Euclidean distance as the mean-squared error
between the K received symbols for the received codeword and the K modulation
symbols for the valid codeword. The data block corresponding to the valid
codeword with the smallest d,{k) is provided as the decoded data block for the
received codeword.

[0026] Without an error detection code, there is no direct way to determine whether
the block decoding of a given received codeword is cotrect or in error, and that the
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:

— nl(k)
m(k) = Rk Eq (2)

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

nearest valid codeword; and

m(k) is the metric for received codeword £.



[0027] If the received codeword is nuch closer to the nearest codeword than
the next nearest codeword, then the netric mk) is a small value and there
is a high degree of confidence that the decoded data bl ock is correct.
Conversely, if the received codeword has approxi mately equal distance to

t he near esWwawdewssld and the next nearest codeword, thBATAURWOHENEC n( k)
approaches one, or mk) -> 1, and there is |ess confidence that the decoded
data block is correct. [0028] Equation (2Z) shows one exenplary netric that

i s based he rati f Euclidean distances and which may. be ed o

dot er m nd00Th mer ¢ HE B ved cRBRPRUIORIE: Gruar el TR g B
correct or in ergeftneflef@ode®dra] Ben MRYmetAt $kPEs bSRdl vakie Qhd Blefeisdatiget | on,
and this is within the scope of the invention. In general, a netric nay be

defi ned based ondegrye sficorfllencer thht thbide¢ddyd datadtloaknis chrréet, @)nverseligerfehe is a
recei ved codeword and Cﬁ'ls a, codebook %r col Ilgg#i on ot?] al | pogsi bclle d
codewords. The fEFEYFBAO e(”l”f%ﬁassz}%{ﬂxﬁn v il dfange to fhe mpgrest codeword an
quality/reliabil ifeyndkt nSarése COdRA, GRELIR MiktAd Gh(% N QppfdatiRY @né, e ﬁgkgpsu,
characteristic (e.g., nonotonic with detection reliability). [0029] Erasure
det ecti on nmay be apktierisieds ¢anfidertce thmt the dedveled data block demodctng result for

h i codewor,d neet redeterm ned | evel ., of. confj dence. . The
ot ¢ mihY or 5 °r chSilER Qb Sl o S gnF At e SRE P
threshol d, THEM putidcaRtddtihces GR8E Wi A9 WeShRd oOdetérhifing QHBihveE theCRIdaMOr d,
as follows: m(k) <THCl15~ , decl are anon-erased codeword , m(k) > TH Eq (3)

eMre , declare dfcodigseip givererrerived @dewirdAg cemprshvar inneregu Athegangidgs mehe
recei ved codewor ¢ I . . " rokhd f- . iC
T 1o equal o s Be SR BE B aqdtiolbed s A SRSRIPY L he ) o
"non-erased" codegemial, iaf metrie nmYy riecdefidell based easadyhauitableereligbitisu fiction

threshol d. The base station may treat decoded ta bl ocks for_ngn-e ed
and erased codev\ﬂfrs(él divYHeEs: el§td Byoel cogi‘ﬁ 12ed Gig@ q9detoo Pép?%n%9{%§e

decoded data bl - _ . d
Ty di scar . decduir it ot BRaE S o, SHRIENT B GE SRRE SRR CEE Y 2
probability of deadiRyAdhbiity SekdpebdeossvRd Qn(gsgloﬁ!& RVAER ProREewRitbrsse

called an erasure rate and is denoted as _PrE199. . The erasure rate is
dependent on WO #8®emouatene withrelogxuusliddinse

[0029] Erasure detection may be performed to determine whether the decoding
result for each received codeword meets a predetermined level of confidence. The

metric m(k) for a received codeword may be compared against an erasure
threshold, TH,,. ., to obtain a decoding decision for the received codeword, as

follows:

m(k)<TH, ., declareanon-erased codeword ,
Eq(3)

m(k)=TH,,,.., declarean erased codeword .

[0036] 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



8 the erasure threshold used for erasure detection and the received signal
quality (SNR) for the received codeword. The signal quality nay be
gquantified by a signal-to-noise ratio, a signal-to-noise-and-interference
ratio, and so on. For a given received SNR, a |low erasure threshold

i ncreases WRMWGMRENF hood of a received codeword bei ng HeWVRPEPUS er ased
codeword, and vice versa. For a given erasure threshold, a |low received SNR
al so increases the likelihood of a recei@ed codeword being decl ared an
erased codeword, and a. ras

recei ved SNR may %Sé‘{ efﬁ(jf;lgr%{s?ffqr sl gct?cﬁaﬁsa#{h&t% i %év%el?a?%rgﬂ ?lhiﬂﬁ@’ont rol
channel , as deSC(Sl\He)dfobelha)veceﬁved acdvmvde tThe sitmal thtﬁmweeqmmhﬁed b9@&32] The

erasure threshold be set, to achjeve . the de5|red per.formance f t he
control channel . §§¥‘§R%fﬁ‘i)ﬁ’é‘°’é sioraiseraRd dteriey W@Bﬂdﬁ‘}?%éﬁt ipr @

non- er ased COdegi%rgl%cm%HﬁhRﬁloﬁﬁérhs%% ﬁr&ﬁﬁl&'iﬁc&éﬁé@'th@ﬁﬁ@ibo&@éfea reB®Yedbe used
for the control “channel. This conditional error rate is denoted as Pr,, .,
and neans the foch@wblrddaemagdeahmdtmasad e@icwpide andcvideversal For a@‘(ﬁﬂeﬁr@wet o be a
non- er ased code h of th oded I

recei ved code\/\om@“%‘lé?lg’g%l lnog{)??%g;te palso fcréjﬁ% Qhe hggﬁh%oﬁ &CE Ife%‘r’l}' Sr 0. 1%
corresponds to acdiegbrdiegigdechted @mfdsediecmeezormamdmcdea@ajlma@mletras\men a
non- erased codewprd i s dec ed. Alo 8‘ éﬁl deS| rable for ny types
of transnission W@P@df@FF%?BWéd%@o‘B?B\%C et (by; GppBpiing the tanemp PRWET ©1 {4 eshol d

may be set to thé‘on%P&aBnéleéé%s&i‘Be@Eélbﬁ)Vt% abfl6ve tHE 3186 efdbure rate. [0033] A

wel | -defined relationship may be expect'ed to exist between the erasure rate
Pre., , {M82konditi Mler@medhreslmlénﬁy@msg to achi¢ws the desincé peiferowhed fir M4C1851R

, and the receiy ven er Ur hreshol d and a
gi ven received ° ?Nﬁ%ne eX| s ﬁ’s%&(’b?{n@%e&a 8“%&5]“ 5‘%’}? %f iC

condi ti onal errocodnearbﬂs Bltich ¢ ad1gt rgcohbigiod] &F0f até, hn@,smmﬂad for theadairelf T may
be made between the erasure rate and the conditional error rate. Conput er
si nul ati on may b@hap’éﬁrfa"h’f?é?@n‘é}ﬁﬂn%ﬁffo}éﬁ%@ilﬁ Penptedras s, cadrinesus by followiagie t o

determ ne or predict the rel.at) e erasure rate and the
condi tional errofVihihet WCﬁYT4 PdePSage&rE dnf%B%é‘h’b?”der@%Fllfé’ée‘?ﬁW &er £ er ent

recei ved SNRs. [ﬁ@%ht?‘%‘f@ié%ecodeﬂ d@ta@l&ﬁ%ﬂﬁé re%b’ﬁ&@@%de%?d E&ﬁgaﬁlb&&%hisp
bet ween these four paranmeters nmay not be known i n advance and may be
dependent on depPoypend loscehgyi Gsg., Fdr oeXali¥p) eorréshendsptec afhigh elegzar o

t hreshol d that can achieve the desired
confidence in the decoding result when a non-erased codeword is declared. A low

Pr,,, may be desirable for many types of transmission where reliable decoding is

important. The erasure threshold may be set to the proper level to achieve the

desired Pr,_ .
[0033] A well-defined relationship may be expected {o exist between the erasure
rate Pr the conditional error rate Pr.__, the erasure threshold TH and

erasure > error > erasure ?
the received SNR. In particular, for a given erasure threshold and a given received
SNR, there exists a specific erasure rate and a specific conditional error rate. By
changing the erasure threshold, a trade off may be made between the erasure rate
and the conditional error rate. Computer simulation may be performed and/or
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



erasure rate and conditional error rate may not be known a priori and may
even WO 2006/ 007316 PCT/ US2005/ 020086 9 change over time, but probably
slowy. Furthernore, it is not known whether "predicted" relationship
between the erasure rate and the conditional error rate, obtained via

si mul at i onwor2odmyomoee ot her neans, will hold true in anPGEYRAIS02HEn] oynent .
[ 0035] A power control mechanismnmay be used to dynam cally adjust the
erasure threshold and the received SNR ©o achi eve the desired performnce

for the control _channel. The control erfornmance be ntified
by a target erasgiedge P¥ardims, but propably 5&)??1 ?&E&Wc’é?’e l%r‘“’%ﬁ“ﬂ%ﬁ ¥.1) and
a target condi t'ﬂﬂé’dwt?‘d’* &[anoﬁéﬁﬁbétﬁre& the(&astire radldas@n@i ddn@mishal&fodateat €, or
Pr. 0.01), i.e ., Prr.r) pair. [0036] FIG. 2 shows a power
control mechani seht@oel whaslmwob@r@eepm@oth@ymmyh@émsqm h‘éa@i‘%lsur e
threshold and to ntro{ the transmt power for a transm ssion sent on the

control channel ?eip ermnal to a base station. Power control mechani sm
200 i ncl pgbes] an i nnex pbweicoatdl maclshamsmena}lhmmcﬁZ@ﬁymmdcadlﬁ&djusuthelmpIGZSO

[ 0037] I nner Ioo&Zlo attenpts th& rec |v§d SNR b r, the

t ransni ssi on, GBeld gpd theeceiys S't"? F\de anagce 105 e 99PEek o 4
target SNR For pnen Th0QBndolhadtl PABHARIIH 06 JAtiakd bhe hgaerstal i on
estimates the recel ved ? the transm ssion and provides the received
SNR to a transni tatBuer, @cgnt]rﬂ% efafiPCyate, gePerat ©0.1244d aTRgtgenditionaberrad4 al so
receives the target SNR for the control channel, conpares the received SNR
agai nst the targste BAR, (md%eamhmr@keﬂ@@temrﬁmd%o seeh D the: Ebapari son
results. Each TPC command is either (1) an UP command to direct an increase
in transmt powePa¥.or the control channel or (2) a DOM command to direct a
decr ease ransm t S nds on
t he for 603 fl nk (cl%lggngE)lﬁ)w ?ﬁggrt zéﬁdr%gﬁechtd%%% ]qurﬁ}éétilgﬁﬁﬁﬁafi&gg?el ves
and proc esses t hdyﬁaunw@lychdjushﬂletaranmnﬂl@sh@h afi mml thatsamsmit prowigh foarid

provi des "recei ved" TPC conmman TPC PLocessor. ed TPC
command i s a noi E’E}n%ﬁs’sqnosﬁmo?n &‘efﬁ’goi(g aé%ﬁte Jm%%&% bﬂsaezsggls? ? :gvg% TPC
processor 262 detsiiod nRdifhisie20 MelddetRit it Tepd 18)sh ehtelots 220 alPEtideLi si on,
whi ch may be (1) anzgg‘ decision if the received TPC command is

loop

[0037] Inner loop 210 attempts to maintain the received SNR for the transmission,
as measured at the base station, as close as possible to a target SNR. For inner
loop 210, an SNR estimator 242 at the base station estimates the received SNR for
the transmission and provides the received SNR to a transmit power control (TPC)
generator 244. TPC generator 244 also receives the target SNR for the control
channel, compares the received SNR against the target SNR, and generates TPC
commands based on the comparison results, Each TPC command is either (1) an
UP command to direct an increase in transmit power for the 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 cornmand is
deemed to be an UP command or (2) a DOWN decision if the received TPC

command is deemed fo be a DOWN command.



deened to be an UP command or (2) a DOMWN decision if the received TPC
command i s deened to be a DOMN command. WO 2006/ 007316 PCT/ US2005/ 020086 10
[0039) Atransmit (T)) power adjustnent unit 264 adjusts the transmt power
for the transm ssion on the control channel based on the TPC decisions from
TPC proceweane®eBdIs Unit 264 may adjust the transmit pokefU5B B ws:
Pcch(n)+AP"'p for an UP decision, Pcch(n +l) = Eq (4) Pcch(n)-APB, for a
DOWN deci si on, where Pcch (n) is the tralnit power for inner |oop update

interval ... AP, 1S an_up . size | / i ; IS a
down steédbglg]ze for t:ﬁm&gﬁiﬁﬁp%%%ardﬁf SF%%'E&&“ E?E‘Eg{ijﬁlgggﬂrﬁﬁmﬁgﬁmﬁﬁi@égcﬁ(n) and
step sizes AP,, madraBkmissiafi @nithe ¢omtidl chinnelBaset @hsth¢ ABYC. dehssiayisdvem iTRC
equation (4), the transmt _power is increased by AP. P _for each UP decision
and decreased byPRPBS¥#O2e %Y&é@?%‘ﬁ%ﬁ?ﬂ%l OSSP folBVS'descri bed above
for sinplicity, a TPC decision may also be a "no-OP" decision if a received

TPC command is deened to t el'ﬁl @Pdieéi -g@i ch case the transmt
power nmay be mai nti )@Tﬁ“ﬁ ;—% | eve , or Slécc’h (n + 1) =Pcch(mBg.(4) The

AP. and APa" step §'zes arleptypiqal,| yieqD@WNakdsiony both be set to 1.0 dB,
0.5 dB, or sone other value. [0041) Due to path loss, fading, and multipath
effects on the reverse link (cloud 240), which typically vary over tinme and
especial ly for a mihstd & f(@) s thakrandnfiepowee feriived losiNRpiae irtdreals ansni ssi on on
the control channel continually fluctuates. Inner |oop 210 attenpts to

mai ntai n the receiARdis@8hRpatepsize fimdhe transmitpoyer; 28AR in  the presence of
changes in the reverse |ink channel condition. [0042) CQuter |oop 220

conti nual Iy adj ustAP,} se dosmgetp siRFbrshe trattshnaitpotdes t arget  erasure rate is
achi eved for the control channel. A netric conputation unit 252 conputes
the netril@04d] k) for Bectanssdtepored RqlmwenddstebsEen &8, f asimAPlh eare gh iy of
channel, as described above. An erasure detector 254 perforns erasure
detection for ededibaleEB)vad showemoraations@) tentransmitaenstisdacrpased by A%k) for
the codeword and the erasure threshold and provides the status of the
recei ved codewor dor(eectt HBdecision sedidesreaswsibye ABg dor) earh DO WhirdssisiogNRltgpeist ment
uni t 256.

not described above for simplicity, a TPC decision may also be a “no-OP”
decision if a received TPC command is deemed to be too unreliable, in which case

the transmit power may be maintained at the same level, or P (n+1)=P_, (n).
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 chaonel 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 umit 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:



[ 0043] Target SNR adjustnent unit 256 obtains the status of each received
codeword and adjusts the target SNR for the control channel, as follows: WO
2006/ 007316 PCT/ US2005/ 020086 11 SNR', Sef (k) +ASNRUP, for an erased codeword
SNR~ar $e (k+1) = Eq (5) SNR,,,gel(k) - ASNRd, , for anon - erased codeword
, where SNRO206HY is the target SNR for outer |oop KSdAVENHEERCal K,
ASNRUP is an up step size for the target SNR, and ASNR,. is a down step size
for the target SNR [0044] The target SNR SNRM ge (k) and the step sizes

ASNRU, and ASNRd. are in units of : ho in equation (5), unit 256
reduces the tar ge%arﬁNR @/ yA I@I_,{met?’g*“afg@eiw 93‘“888’3 _?O(Slewg‘(dd’een%q(ﬁo be a
non- er ased codeword, ™ uwin ) = ndlé@zsgjt@mﬁﬂat e dofCEla¥itomNdrfiof "the

control channel is higher th ne¥essary. dnversely, unit 256 increases
the target SNR by ASNR'P if a received codeword is deened to be an erased

codeword, which j ndj,ca ' e control channel
is | ower thar‘ﬁlﬁreeggﬁga’rwtﬁ[%ﬁlﬁ%}g#hsﬁ@ﬁ@ggﬁéﬁ%ﬁ S {seﬁeapl)k;s]i zes for adjusting
the target SNR nay, se ; . rel ati onship: ASNR , P =
ASNRd, . (1-PrCmw “B}S%L&%r?&’%&[}%@gf&%rbﬂgk%%pl e, if the target erasure
rate for the contr hannel 15109 ,,,e& =0.1), then the up
step size is 9 ti r@i\u{"hés %@W%?pesgzéég{ge{%ég%%RUPz 9 ASNR&). If the up
step size is selected to be 0.5 decibel (dB), then the down step size is
appr oxi mi@tsHy 0. 056 TB.tangetr PER SR wyeth) fand tsrmumzes AP NReNRE A Re 447 t he

convergence rate for outer |oop 220. Al arg)e val ue faor ASNRU, Z% causes
more fluctuati onusis ebadBat Adsheyn imequaipyds), IRk 200 wdacey the darggt .I%FGWM]
Third | oop 230 dy jcally adius . € ( : he
target conditi o(‘@%?ﬁ ¥er°5’tv%&1fxssd%§}coﬁf1esvdee§ﬁ%?° P%é%ég(r%%ag% C gﬁﬁ%h}ﬁé%he

term nal may {1 aRoihhicAcKRAMhCREGYRS SNRD fhhecCaRiioplcheban ne g o cal |y

or whenever triggere he base station receives the transmtted known
codeword. Metri cnecessaput dldneerselyi tniP 236 dncteasesasher trghet SR dry 2820 Rqerif ar m

erasure detection for each _ o
received codeword is deemed to be an erased codeword, which may indicate that

the received SNR for the control channel is lower than necessary.

[6045] The ASNR,, and ASNR,, step sizes for adjusting the target SNR may be

set based on the following relationship:

1-Pr,
ASNR ,, = ASNR [——Eﬂs—“‘i] . Eq (6)
[0046] For example, if the target erasure rate for the control channel is 10% (or

Pr

erasure

=0.1), then the up step size is 9 times the down step size (or
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 chamnel. The terminal may
transmit a known codeword on the conu-oi channel periodically or whenever
triggered. The base station receives the iransmitted known codeword, Metric

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



WO 2006/ 007316 PCT/ US2005/ 020086 12 recei ved known codeword based on the
erasure threshold and in the same nanner as for the recei ved codewords. For
each recei ved known codeword deened to be non-erased, a decoder 262 decodes
t he recei ved known codeword and determ nes whether the decoded data bl ock

i s correct Wi20¢0083160r . whi ch can be done since the coBeEWYEHIFREF0WN.
Decoder 262 provides to an erasure threshold adjustnent unit 264 the status
of each received known codeword, which ni#y be: (1) an erased codeword, (2)
a "good" codeword i.f the re |ve knagwn odevvorﬂF@@ g rased codeword
and decoded cor rrgﬁ?wilmé’?vn(??e‘ﬁ(’ (AT < v58§“(§e RE FEAR TS R TSR
codeword is a nog-fof BeeeceidvBswbriyItF ol eedtkeckivdl letoiarcodtWérd dketitdmee

t hreshol d adjustnment unit 264 obtajins the status of the recei ved known

codewor ds and adjustrasefing desoden 408 depqdes g aceived kngpn sadsworgliapd deteyunesoTH w |
for a good codewy ?&hermd&l(&fél-dlock-rﬁ é:&ll?%c't A teror | Whick cRASE &91@%%9@5 the and Eq

(7) THere.(1) , an erased codewor 049| where THCL, , .
erasure threshol @bdﬁwprdtlhlmwjm dbcpwdrp'déﬂ@rqudeetwm eraWShddadjuﬂmealt@g SI ze

for the erasure r ATHd s sfe he erasure

t hr eshol d. [0050%(%[}1 fa??d}e&?fﬁltv% c{“ﬂ °°¥V?Y8f‘f Ie‘aﬁ?Feé of t TR
decreased by ATFbode\ﬁzefd (@&C‘goécﬁ’c‘cﬂﬁw&ﬁd kinBevecsioetEweh dodawordss #néirekags@dewor d.
The | ower erasure _ threshol corresponds to a nore strjngent erasure

det ection crit er fEvaricandelegoded cppectly, pioGejay bad cendawerddif B mseeivasi iopikel y to
be deened er ased,,bhhfiNs b Rod- leage ce,aw,grabu c&d‘éﬂlﬁgﬁ‘.&l ved codeword being nore
likely to eco correctl y deene be non-erased. Conversely,

t he eras {00681 hr es hoIEiaause ltlumhehﬂsaﬂjustuyeIA'ﬁHitr 264oobtamad.he sosi ofetie kmesired
codeword that is, a ewo T threshol d corresponds
to a less stringSHt e“1°§ g 5‘3{%&3 gﬁe?}' eﬁhﬁi E%?lecg’fﬁts ina received
codeword being less likely to be deened erased which in turn results in

t he received codeword being (B)QJA/I‘PI gbrq%gg‘gl@daewgr(prror when deened
to be non-erased. The erasufe tfifeshold F$ maintained at the same |level for

recei ved known cdaiieyoi(ds 1}hatlHy e (Or-askd,, , WRradas tawaib ahCT/ US286%7)020086

13
TH e () 5 for an erased codeword ,

[0049] where TH, ... (£) is the erasure threshold for third loop update interval
43
ATH , is an up step size for the erasure threshold; and

ATH,, is a down step size for the erasure threshold.

[0050] As shown in equation (7), the erasure threshold is decreased by ATH, for

cach received known codeword 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.



[ 0051] The 4TH,, and ATHd, step sizes for adjusting the erasure threshold
may be set based on the followi ng relationship: ATHd~ = ATH Eq (8) | Pr.,

| [0052] For exanple, if the target conditional error rate for the control
channel is 1 % then the down step size is 99 tines the up step size. The
magni t ude W0 WW40731and  NTHd, may be determi ned based ofCTHROESGIUBE ed
magni t ude of the received synbols, the desired convergence rate for the
third | oop, and possibly other factors.130053] In general, the adjustnent
of the erasure threshold is dependent on how the netric used for erasure
det ect i ofP0BE] def i ne&'he%laéﬁs&?ﬁa)l steRdizesior afiustingag egire flﬁ"eghf’r]&ni‘aryd’edefl ned
as shown in equatl on netri al so be defined in other manners
(e.g., mk) = d, R 35‘3‘1{0138@@‘(;0"71%{%%’8”3%9% n(k) =d,,, (k) | da (k) ), in
whi ch case the adj ustnent of the erasure threshold may be nodified
accordingly. The adjustable raP';ur threshold may al so be used in

conbi nation with #ATHge Edqu o jl on technique to achi eve robug(®rasure
detection perfornance for var i s« ghannel conditions. [0054] The erasure
threshold, THCL (t), nmay be dynamcally adjusted in vari ous nmanners. In one

mbodi t third d t f
cach tor WA © ' comiEAVEIREHSars R BIGLOTEE A B e ao! bRt
al lows the erasufg, Hieérd%%ﬂ%{ st % ﬁrﬁ&g f4E Gk Mz@drhb%s‘gnth@é ofea"m én%r m nal

whi ch then allows t contr channel performance to be specifically

tailored for thepgf MAal pe 'ﬁgtrerrﬁﬁ'lmlaéd i {]:Ieeéx‘f:a@&ted ‘%’id@ﬂ?@desoﬁﬁﬁé eeeieed

different target cdhditional error rates, which may be achi eved by

operating separ aggntoll, e deRAScInér géﬂwsl@tetmmhaam@ 166D, anat fiesiblgnstaeli ment
a single third I oop is maintained by the base station for all termnals in

comuni cati on wi f8Biofhe base station. The common erasure threshold is then

used Tor G3pur e deUgGkian, (lahindl of bESRRMETRAUNM § Mhdch 6l oy yodal

based on codewords réceiv ase station omt ese term nal s.
This enbodi nent menicides fcgcnmtumeddmtmmmcckﬁnéd)r Equdtione (7i and|(B) arf based cmont r ol

condi t1 ons. | Thi STEBEF ASHESAFISONES foreai L) or i RETHRAHa 2 J8sA00PsTs

PCT/ US2005/ 020088herl hanners (c.g., m(k) = d,, (k)/d,, (k) instead of m(k)=d,,(k)/d,(k)), in
which case the adjustment of the erasure threshold may be modified accordingly.
The adjustable erasure threshold may also be used in combination with any erasure
detection technique to achieve robust erasure detection performance for various
channe! conditions.

[0054] The erasure threshold, TH, . (€), may be dynamically adjusted in various

manners. In one embodiment, a separate third loop is maintained by the base
station for each terminal in communication with the base 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



convergence for the third |l oop and al so reduces overhead since each term nal
may transmt the known codeword at a lower rate (e.g., once every few
hundred mlli- seconds). In yet another enbodinent, a single third loop is
mai nt ai ned by the base station for each group of term nals having the sane
control ch¥nre/9@¥thor mance, and the erasure threshol dP¢EUSRRE2E®Sbased on
known codewords received by the base station fromall termnals in the
group. [0055] Inner |oop 210, outer |oopl220, and third Ioop 230 are

typically updated at dif tes.,lnner | 00p S aste | oop of
the three | oops, C%JWSrﬁcﬁ%egofh’ﬁﬁé‘f’éf%&%?‘mﬁ?ﬂu‘?ﬁﬁé’ Fﬁdr%’Fc g‘h{? HJ:R?
updated at a par thfdatiBihe kab®n cOdedvord atldBwet MRS (eREonSe 6Pt few RlttdREd ﬂnﬁﬁp 220
is the next fastest |oo0 and the target SNR _nmy_ be updated whenever a

codeword i s receP&eadgn Yf‘éa%lﬁﬂrreﬁ!bo@ﬁﬁﬁhéﬁlngwmfdﬁoop @dﬁa@?ﬂleﬂ@ﬂﬁé’a{iﬂ owest
| , dth d
bt ved on the SR Beionuf o miias YBAAL B UREEUES dandel RrialE T E 10

sel ected to achi emhﬂiehﬂasdﬁsﬁueehbl@esﬁpﬂamﬂm&mﬂqmmwdewdmsemiwdbanhb power
control. [0056] i ment de ri bed above, the target conditional

error rate Pr,. 't:’asle#aﬂglé 05’53 Fopdls Hlie BRUR r es of performance for the

control qpgssnel , andmhéeloop DG, bute? Wopl 2008 GRAdodP2RC e QYfcdly pdited aX her
nmeasur es of perfornance may al so be used for the control channel, and the

third | oop may béiffesent geieti lanse deant AlY §6 thedpstest dogn ef the thsgegloppsorapbaks | i t y

of a received co r ed may
be used for the ?Ilrng%géﬁ%f 8%5@%9@?%@%62% gr?&%gtg owgg)qﬁcglap? tggea%’m of a
process 300 for l]miatmmgertsb@nd)sdﬁmadommaihﬂrmekoﬁmstOéOpQMemgmSNIR
mechani sm 300. A regeiv dﬁ‘i gewordk anItIaHyOtaIn(ﬂE the control
channel (bl ock 3%y PeHReatfeth P%ﬁ"ﬁ{%)""‘?e@"’f Brptred 9oe CARTY ceange dl Bt ewor d,
e.g., as describegpal OYsethe El%@&‘?oo%lﬂﬁd 88 rasir PRL6H rﬁzﬂﬂiéﬁhat%@%h@de@% e

t hreshol d (bl ock 316) t he corrputed metric m % reater than or equal
to the erasure tﬂiﬁ@@h@)déwoﬁislsmﬁé’ﬁwm@d cpmirah ichasine 21@13113 e rtes foibe taeei ved

codeword i s not rd, 2 hen _the
recei ved codewor ?g%gggggégg égaglﬁé\gﬂgécgg{}]%&;ﬁer&éﬁamf r()‘ggéﬁezqf}@ﬁ%%nc{]arget
SNR i s increasedpbyertdoatrdiSNRW step size if the conputed nmetric mKk) is
greater than or equal to the erasure_threshold, regardl ess of whether the

recei ved [0%84ewor d |E°rﬂ%9mb%¥m%tde$@ﬂé%al(oﬂpdhk f@%ﬁ"“@“ﬁ?@ﬂ eproele Bog, the

process returns.to QI %%h roce t.he nex}, receive ﬁodemr
is used as one of the measures o erformance or the control channel, an

third loop is designed to achieve this Pr, . Other measures of performance may

also be used for the control channel, and the third loop may be designed
accordingly. For example, a target probability of a received codeword being
decoded in error when deemed to be erased may be used for the third loop.

[0057] FIGS. 3A and 3B show a flow diagram of a process 300 for updating the
second and third loops of power control mechanism 300. A received codeword k
is initially obtained from the control channel (block 312). The metric m(k) is
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 2 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.



WO 2006/ 007316 PCT/ US2005/ 020086 15 [0058] If the conmputed nmetric mk) is

| ess than the erasure threshold, as determned in block 320, and if the
recei ved codeword is not a known codeword, as determned in block 332, then
the received codeword is declared as a non- erased codeword (block 334), and
the target SNR is decreased by the ASNRd~ step size (block 33@&8 The
process reMANEMWIPBIB| ock 312 to process the next recei VeHUREEREPBYE. [0059]

| f the conputed metric n(k) is less than the erasure threshold, as

determ ned i n bl ock 320 and if the recel@ed codeword is a knomn codeword,

as deteqgiged in bl (ﬁ'n%ﬁ%f%ﬁcef 0! 30 L8 [HhfP hd Bl hRCRIYCH:

codevvord decode déc g was correct, as determ ned

in block 342 th@t@nﬂhh&i h&ﬂ&ﬂd@@ &nplwmec&s&amrdédwmdes:h@tr@mm @d@@@d
codeword (bl ock 344), and the erasure threshold is increased by the OTlHw

step size (bl ock a84gfprmineg feblapk 832, then s wecqined 80498@611?%%“@’?%?5 aé'§n'

d d bl d
Dot cotevar d (bl Seaiewbf hidch5ae 08 HE P Wk RORRIAL b iR CASRRET 25 @
OTHa" step size Gl agle ik 3365.0MH @fgkéss raﬁélsate%léc‘iﬁalz 6 pRcRELHS ﬁeﬁiur ns

to block 312 in Fl 3A to process t next received codeword. [0060] As
not ed above, therdceivhdiafigwordlescri bed herein may be used for various types

of physi hannels t at do not enplo rr.or,_detection_ caodj Th se of
t hese te(ciﬁ'il’ﬁggues forlfa %Wf)ugf' Feglg? a'x lﬁaﬁ%r}ffsgsfhg‘ﬂ @ghgﬁ%ur% n‘grc?e}%%cr?lg
bel ow. — For this gLARae 56105 SRNGHRIT the LRENEDBbdeHRR {s' I'Bncvi] dbREM, bd nk

transm ssion estimates the received si gnal quality of the forward [ink for
its serving base dstemninehin blecly 332, Uasteﬁ'efmm toi FI&t. 3B) dhe mecetved Cb@e‘?‘tqiié ibase

station). The receive q timte may tran t.g.,an

L bit vaiue, whi& SRiatEY b0 P ine decodiRh WA §/’°r‘”ﬁaas éd%)b?"dfh%ch may
i ndicate the recedienabe &RvEDknditcddevort @ detlated b megooawﬁa@mreqmat adpate for
the forward Iink, and so on. In any case, block coding is perforned on t he

CQ to obtain a @y tavgmmgethreakold Isp@masefb b xthepAEH L smysmoéble%aﬁ to 4,
and the CQ codeword may, contain 16 QPSK nodul ati on synbol s (1)
sj(2) ... s; (16Ptherwipgeifithergivpg e decadiagicrar, assletooping d@\kéﬂch%ﬁﬁ %11% ey

channel (whi of | Sectffeq SholiSofA ol c6haNSE ik QolBEa AR ARSEg hal | on

b
evvor sent” on the

The serving base station recelves th channel
and erasure threshold is decreased by the ATH step size (block 356). From blocks
346 and 356, the process returns to block 312 in FIG. 3A to process the next
received codeword.
[0060] As noted above, the techniques described herein may be used for various

types of physical channels that do not employ error detection coding. The use of
these techniques for an exemplary data transmission scheme is described below.
For this transmission scheme, a terminal desiring a forward link tramsmission
estimates the received signal quality of the forward link for its serving base station
(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, L may
be equal to 4, and the CQI codeword may contain 16 QPSK modulation symbols,
or [5,(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



perforns erasure detection on the received CQ codeword. If the received CQ
WO 2006/ 007316 PCT/LJS2005/020086 16 codeword is not erased, then the
serving base station decodes the received CQ codeword and uses the decoded
CQ to schedule a data transmi ssion for the termnal. [0061] Techni ques for
perform ng erasure detection and power control for a transm ssion on a
"physi cal "wohammetsi§e. g., a control channel or a data JKIARBMYO2PRGt does
not enploy error detection coding are described herein. Data is transmtted
as "codewords” on the physical channel, Where each codeword nay be a bl ock

of coded or uncoded data. [006 For_. erasure detection, .a transmtting
entity (e.g., a SAdF¥EP nPLFWF%alﬂ}en the 5%5’?%%%%&32(1%&%? ﬁ“?eﬁﬁ@tsq@m
channel and vi a ggwivb@l &5 ushand@ecdded TQY RC Sheilg a2 Bith tyankmisgon for hrse
station). The base station conputes a netric for each received codeword, as
descri bed bel ow, tegmigalconpares the conmputed metric against an erasure

t hr eshol e base y! C . 6a | devprd Lol Gof
"erased" ﬂ]gg(]jtmrd orlse:%l%1 %er&r?aéeg@ﬁﬁ%lgdée‘@\%égq%géség%gﬁ t%@&conparoi sgn
result. The basetrafsafission ayn&phiysizhl’ \chadieléls, 4 hentel abamel vhe datacthdnied
achieve a target |evel of performance, which.may b uanti.fi ed a.target
condi tional errof tda?se.“f’ﬁég"pioﬁ'df"g% ggte‘ft}?é‘ R 5 %ngr%]e& PFEE PR
codewor d bei ng dggRd@kd R “BideWbords O the PAGHAH] BBank6l, RBerd el codéRsdanadevor d.
The erasure threshold may be adjusted based on received known codewords,
whi ch are recei vebloghatsededier ynspdedidaan codewords transmitted by terminals
i n conmmuni ion wth t S tj a5 d.bed, bgl Ne. Actipst abl e
erasure mgr%gthol d Ca@rp&%s\/u?%éi% tre(%%&l}gtA qfe}flasur%eggtﬁtgcfe?%’n%pg]%lggnance apn

vari ous channel gaigiifsi cdsworll® 06 3he Ahpsivat rchaomet aod viee e hemélesn chenmedrie raol  t he

transmt power of each term nal , can be ne by enploying a "conpi ned" | oop
which tries to nECAVEREALY(&Eyabasesate gﬂwg’taéélﬁ?*%f@%’rpé‘%éia\}%%“% G The
combi ned al gori t hmivid 'ao@e%vog@,nysemgécﬂged fnall%ﬁv?ranbe&@&p%@estﬂl@ Sgited BRRicUpdat e

rate will be higher conpared to separate loop algorithm This is

particul arly use#giinsihreerasune thrgsholde The baselstatign depldrasseach sereived podeapydiot age i s
that the power up and d agezye i e of

t he physi cal chaﬁ%%ﬁ‘ rra%\g;e‘fg erm (r%glanﬁén gﬁf ‘!f’hgr‘%ﬁ%‘g%’g?’?g@f%‘ﬁ :E}%n?. ﬁ%ggy
information is ugehlul Thedasesthttnrdynamidally adjust the atasurg thvesholdrir schidvar one
base

target level of performance, which may be quantified by a target conditional error
rate that indicates the probability of a received codeword being decoded in error
when declared to be a non-erased codeword. The erasure threshold may be
adjusted based on received known codewords, which are received codewords for
known codewords transmitied by terminals in communication with the base
station, as described below. The adjustable erasure threshold can provide robust
erasure detection performance in various channel conditions.

[0063] A power control mechanism to contro] the transmit power of each terminal
can be done by employing a “combined’’ loop which tries fo maintain a target
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 exarple, during a “‘handoff”’, i.e., when 2 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



station. For exanple, during a "handoff", i.e., when a termnal is changing
Its serving base station, this information may be used to adjust the power
of different physical channels fromtermnal to different base stations. If
the conbined algorithmis not used, the base stations have to transm’t

ot her channels to be used WO 2006/ 007316 PCT/US2005/0201156 17 in t

t er mi nal s WREAOTRA6 ni ni ng the qual ity of physical charﬁféq"észf"f‘ﬂ’ﬁ?"?(ér i naI s
to different base stations, and this will decrease the system capacity
[0064] In this nethod, base station send$’ power up and dovvn comands to each

term nal dependin et.her, the received..co { | has
been erased or ](.letqh %gﬁgﬁm@ nélﬁtte’ffhlgmlga 88}13@! 51°ra aﬁsl(gmté?%@ggﬁ al so
broadcasts the anﬂ&re@cfbaMﬁ{oneaﬁhﬂhewmdb@feasé‘t&é@ﬁtddpca‘ﬁaaqi' has to |ncrease
when a codeword sent fromthe termnal is erased an he anount. of

each telff6dhl, " stdp tmsvpetind desegdfionsepdscraragd: O T SRS ¢ %?g from
the termnal is, %ﬁ?&%ﬁﬁaﬁbg%% lﬂb%g réce?@@"\éo@c\irerﬁvﬁ'&h% @ifn@al Bagdr OCESS

400 for power con e station 110x is configured to
execute steps of btteheerpsedces [ot. HD@e@ngltqnl thei ﬁa@ehteraswstatﬂari@%fstalﬂhe also

conponents of the base station, 110x exanpl ki 1 t he
nmenory 572, the %ga ts g HeR g, pggrﬁr 3I59<t ol $t83|1§ps§395§8$ m%z%h

process begi ns Wageh & BEdNRSE séiit FohPihe téridinal &C@a%&&n@thmmbﬁpdwerdmrl bed
above, on the reverse |link. At step 404, the base station &10x usi ng t he

techni ques descr fesatrahbovien Desmeswenbas for deckrese aden eerdenq e ased

for not neeting reshold requirenents. |If the recelved
codeword k was e?egxglegf%%{&?gegutm de the erasure threshold), then at step

406, the jos53e statllﬂiﬂs #QhogzelaeﬂaWeélagamonéra (pmuessol409re®sag)everocdn3tﬂep Up

Si ze" (increase a. val t.ran m._na

base station 110%¢ IEPQ{SEH#W&&S‘{ Fl‘fag‘ébg%érfﬁc @ th‘fju %étteﬁ %g}ﬁﬁr‘fceas to the
termnal , which yed hosutilidRigendests gt of Hge b@ﬁgﬁfenercﬁsmé agy std@cﬁemmmgfopn
codeword k value and"the threshold. The cl oser the codeword to the

threshol d, then ﬁmleﬁh@qeﬁeﬂeréaa, the memoxbameﬂ\ﬁsTéadatam%e%S%%% RiXrdafae
codeword was not Iflji & . THe &%s%@%n?%@ﬂrtﬁe b{,éafs‘%a?tm' fox elietsd Step

408, the base stg X geénerates a power contro nessage to "Step Down
Si ze" (decrease bydeafovmku@scrﬁiédvuhhvd,hﬁthe FENSISE ﬂ1nh0\AErstapf4O4ttlettae¢ setad . At

step 410, the basl(lerS tl.lgi}llg %‘e t%g}%qulég ggstcgged aboget: a&)%%%mlés? ?ﬂhe Peceived codeword
is erased for not meeting the erasure threshold requirements. If the received
codeword k was erased (e.g., outside the erasure threshold), then at step 406, the
base station 110x generates a power control message to “Step Up Size” (increase
by a value, Sy,) the transmit power of the terminal. The base station 110x
determines the S,; and Sgown value to be transmitted to the terminal, which varies
depending of the target erasure or depending on codeword k value and the
threshold. The closer the codeword k to the threshold, then less of Sy, or Sgown
value used.. Otherwise, if the codeword was not erased (e.g., inside the erasure
threshold), then at step 408, the base station 110x generates a power control
niessage to “Step Down Size” (decrease by a value, Syoup) 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 Sy, value or Sgoum 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



nonitoring the nunber of codewords that were "erased” or "not erased." The
base station 110x nmay adjust the erasure threshold based on nunber of
repeated "Step Down Size" or "Step Up Size" requested (e.g. nunmber of sane
type of requests). At step 412, the base station 1l Ox may use information
f r om dat abaseotsoo7alet ermine the S, value or Sdo m val (RETEBPISRWYEDI e a

| ookup table associated with a target erasure rate. According to another
exanpl e, as di scussed above, the power I8ontrol nechanism may be used to

dynam cal ly adjust the erasure threshold and 2006/ 007316
PCT/ US20051020088° 8V S NRototebie SRpiesisetp °é%“°[°h€8f SoPke! derrdrRance

for the control ghanfghs $N aH,.EVEB! callifednd RoiRWR: B,p <aggyl ated as
follows: S,1, = Sdow * (1- Prea. w)n/ Prme . At step 414, the power control
message cont ai ni B, S B, andt Sdpdid, theapayess cpriral mzassage cortgining Suh 8iddioinl e
station. Upon receiving the transmtted, massage_based .on fﬁét ors discussed

above, the ter niYakwesyis| trangaittask tq ee mnkile siatign. Mooy wrseiing: ther ISENGS: d

usi ng the reques d SRAKS vR11SAlusPihe $atvar ARd
control channel S&E%ae%%%d {’rﬁga%{eoise&r}g%g%a g‘{ééﬂéttr ansrriv?gi o}nusscﬁ me. The

term nal neasur egrovide anshericudoverd gsing the veguested pefwer bevel. f orwar d |i nk and
transmts CQ cod n the chapnel . . The term.nal , continual]y makes
measurenﬂwgél of the%géﬁﬁw?f‘_ﬁ?%gggﬁiﬁ? capfrg! élibﬁﬂﬂés Hi%lg?re%‘c efﬁplggglg&brds on
the CQ channel . ydlipswiodi SEGRET NHe tfMaY afbafids ©0 FeoMied Ssigrdbgaatdy bo tiee
erased is not detrinental to system performance. However, receive

- d
codewor ds deenedforgadinkandetrangails 8 epdpworgs omihgHOQLighanasl: sthecterminglor war d

link transm ssio e edul ed bas 10,0, j j in
t hese non-er asegong@{al 0 gl?v{cgrnc%d? L()ub?iagltl%n{ohgﬁfle% idagﬁgi g{as%ﬁg%g#dea?f or
forward link tragQiicediwands érhthe CQlectmameli Mhus, Biwerdiigaterancd)CQt esdmmrdiat a
packets to obtain coded packet.s ar}fg Ira!r%ﬂnts t he . coded Eﬁckets on a
forward |ink datdeeRainRe erpepdiipRotidirimental to system DEFHORPANGS. HOPEYRE FEeve

retransm ssion (HOARKIewdfRIBmePRYR n6R4REOM6HEbeiof hipddublity @Mesla Forverd
mul ti pl e subbl ocks, and one subblock is transmtted at a time for the coded

packet. As eachliglutsmsodssichonay, besehednied basad padhainformation epnieigebin hae
forward link data , rmnal attenpts to decode and recover the
packet based on Ig?‘} &Q%gbrtgél&géés}&rrggei ved thus far for the packet. The

t er m nal [0057pDbl e t o If @zoesindlhe schzdclké orfasextd dink arapamissie, theraths serviigon

because the subbj ocks contain redundant . .
Lase station. processes dcejtta pacEets to obtain coded packets and transmits the

coded packets on a forward link data channel to the terminal. For a hybnd
automatic retransmission (H-ARQ) scheme, each coded packet is partitioned into
multiple subblocks, and one subblock is transmitted at a time for the coded packet.
As each subblock for a given coded packet is received on the forward link data
channel, the terminal attempts to decode and recover the packet based on all
subblocks received thus far for the packet. The terminal is able to recover the
packet based on 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



i nformation that is useful for decoding when the received signal quality is
poor but nmay not be needed when the received signal quality is good. The
termnal then transmts an acknow edgnment (ACK) on an ACK channel if the
packet is decoded correctly, or a negative acknow edgnment (NAK) otherw se.
The f or war wd domk007316ansm ssi on continues in this mannerPGHU0012P08¢ oded
packets are transmtted to the termnal. [0068] The techni ques descri bed
herei n may be advant ageously used for the()CQ channel . Erasure detection

may be perforned on each receive ewor d . descri bed bo e. e
transnit power fBYVEFHENER) ‘ﬁ’ﬁﬂﬁ g“eé{ﬂjt%&?%géfc #rﬁ%cﬁ %66:7@6
PCT/ US2005/ 02008ghandd] (b. Wﬂ{c &8idd &hsu?@fﬁ&%ﬁ&m iafted @oﬁtmrﬁyararh@te}i eptid ed

per formance for the channel (e.g., the desired erasure rate and the
desi red conditi ofgnsmitposyer fostother came! chanaels (A 8., thoREX shannel) prd rexersr link
channel s (e.g £ S q?zgn | so be
set based on the&%O\?\/er-glgn Oﬁ%e%@%‘@é:%%%nstﬁeke@%%@%?%&ﬂ%& nne?Ia
[00691 For cl ari thg,CQlvhamresur e detection and power control techniques have

been | fjcall ed , for the reverse |link. These techni u may al so
be used ﬁ@ﬁ i erasﬁr é"ﬁ"é&”l B, SLasere flstashon, P%Werf??Pn'alsfeF g¥H° ?fe"é’ext on
the forward Iinkg eE@i@Z@ dézbﬁedffoﬁﬂﬁ@\ﬂ@eﬁe lﬁhpcifhéibmquéﬁmaﬁam‘s@dsem&t of a

base station 110x and a termnal 12 the reverse link, at term nal
120x, a transnmi t erasuxy d@taqt@napdp@@@wnmafw arteasemiseion aerd op thscforensd ligle g. |

formats I nt 11 | € data
and prowlwfrmdul aﬁllgﬁ%sy ?%ﬁnkra%g t[e #b%\&ﬁ%&l?&hi#% dﬁ% pr@%%{ssor 610
al so processes conémmihal d2Z0R. (@n the retdsg lihk,oan tarmiagini20al keraneA® @XY datovi des
nodul ati on synbols for t control data. A podul ator 2 processes

t he nodul ation sPREEFY ﬁg(f TpGeLyep | 300, PRICESSRT fud- é‘ﬁ'fn&tsarfé?ym W%le ?rbﬁﬂds and
provides a SeqUeﬁﬁﬁul%s)%&@?ieelﬁﬂﬂ@tw%Qfﬂémaﬁsmd-ﬁﬁﬁnd&%cﬁt%ﬁnﬂﬂ S%Q%IJ fhrdad a
processor 610 and nodul'ator 612 1s endent on the system Tor exanple,
modul at or 612 malraibiedptar r"ﬁmmmb 1i0catsoi progebrgs SWOéldﬂﬁat(c Bi, £68) frgERM A
transmtter unit ) nalo

amplifies, fil ter(gnygﬁ 062§r eqg goﬁgdfg um%@%lﬁ{}%}%ggb F‘ g g Ongt crﬁ?dp%atgnd
generates a rev@ﬂ@B)lGlﬁlprscmalthe muﬂbtiomsymmﬂseﬂ)rt&ufﬁugﬂd aoﬁttuoldme@d( D) 616

and transmtted vi antenna, 618.
Ile:)t sym ols and provides a sequence of complex-valued chips. The processing

by TX data processor 610 and modulator 612 is dependent on the system. For
example, modulator 612 may perform OFDM modulation if the system utilizes
OFDM. A transmitter unit (TMTR) 614 conditions (e.g., converts fo analog,
amplifies, filters, and frequency upconverts) the sequence of chips and generates a
reverse link signal, which is routed through a duplexer (D) 616 and transmitted via
an antenna 618,

[0071] At base station 110x, the reverse link signal from terminal 120x is received
by an antenna 652, routed through a duplexer 654, and provided to a 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 (¢.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



(00711 At base station 110x, the reverse link signal fromtermnal 120x is
received by an antenna 652, routed through a dupl exer 654, and provided to
a receiver unit (RCVR) 656. Receiver unit 656 conditions (e.g., filters,
anplifies, and frequency downconverts) the received signal and further
digitizes WMRR068WAI6i oned signal to obtain a stream of PFHVE2SHRIBEs. A
denodul ator (DEMOD) 658 processes the data sanples to obtain synbol
estimates. A receive (RX) data processor2860 then processes (e.g.,

dei nterl eaves and decodgs). t he nbol estimates.to _obtain.deco a for
ormi nal - 120%. - RGBT sobplreany o e TSP pEEeH SV GERERP P A

provides to a comidDXldeta potssohel(s taapsttively. each recei ved codeword used for
power control. Depending on .the value of the received odev}p ared to

) i > rd co
the erad®7@l t hr eshollis Praeeseng fora foRvard dink fapsraission may S6wer ov@éémm%ry

di scussed above . a ) i .
denodul at or 658 Ea%%%%ﬁ%?\%%%%&%? ﬁ%ﬁg{CT %S%%%%/S]% g(g)lg%%rg%h%{%%dessor

660 i s conpl enenfawgrdtlinkittasspisoomsds typipadesifcoified Hy the systeml at or 612 and TX
data pro r 610, respecti.vely. [0072] The processi for a forward, |ink
t ransni sim?may be PEP@F?VSF%WE#WHI %qur?i’ axggﬁll%hegfuna%g g??ﬁ%‘éna%‘ PG he
reverse |ink. ThgNR'REf eGmimdy 190 arfdepovides thetkcenizd SNROKORITPA geédkrator 676.
transm ssions is tépl cally specified by the system [0073] For reverse link

power control, aRPSHRIEaRT G Ao rgouvesdhs igaebSNRsad gerestesc b C apgumprgs Bier i nal
120x and provi de [ &d@ T, r at or
676 al so recei vegm%lﬁlgl g%&gejg S an%ﬁlﬁse?ﬁgtpg%@$éﬁ%ggm%? ’éa ﬁ%sg{%g@% nal
120x. The TPC coifnréed prazessed byce sedulatny 84,1 ¥orndiicned ryc e SswosmiB@2 pnit f6864 her
processed by a nmpdul.ator 684, copditipned by .a.transm r, unit 6, routed
Phrough dup! exer Rt el StimEnp Y, sn rimbedit &3 6o & teifinel 480800,
[0074] Agogray m nal lﬁﬁénnihﬁlelZbﬁ,rtﬁ@fdiwbﬂdﬂiﬁkssﬁ?l@ﬁﬁorhftﬁ§6 QafR HORGES RBeited O 1S
received by antenna 618, routed throu%g dupl exer 616, conditioned and

digitized by a PBdateper 6L ousd dhroygl duplees 4y, gorkviensd| andodigiasd byd
further processe erthi S 0, | '

cgmmndsl.o A TPC %rc (E)i}gessotr g%%ﬁ?&c'?ﬁgé]gggt%g{og@t%ﬁé%rgé’c@:dveg #%%S%Bg%yfg to
obt ai n TPC deci sR&ndnta protaskoradé to obtdin reaeivgd TPCatommartds adASTPE prooesor 624

base st ation 11 B¢ R IR L1 Seretas SHa0 Tl NP ariinh B3
codeword val ue afidgenBRitecd BEALIE fdWep 2BktchedPdhBoliSRE dRY¥uLHLARAE Sthe power
adjustment occurs by the base station 110x, depending on relation of previously
transmitted codeword value and the erasure threshold valuc used by the base
station 100x. Modulator 612 receives the control from TPC processor 624 and
adjusts the transmit power for the reverse link transmission. Forward link power
control may be achieved in a similar manner.
[06075] Controllers 620 and 670 direct the operations of various processing units
within terminal 120x and base station 110x, respectively. Controller 620 and 670
may also perform various 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



station 100x. Modul ator 612 receives the control from TPC processor 624 and
adjusts the transmt power for the reverse link transm ssion. Forward |ink
power control may be achieved in a simlar manner. [0075] Controllers 620
and 670 direct the operations of various processing units wthin term nal
120x and ba¥@2086/8473%%n 11 Ox, respectively. Control |l er 6POTHAHIEIYS6mmy al so
performvarious functions for erasure detection and power control for the
forward link and reverse |link. For exanpBk, each controller may inplenent

the SNR estinmator, TPC ner at or. nd target. SNR adj u ni t its
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har dwar e, softvvapré), or a conbi nation thereof. For a hardware )

i mpl enent ati on, thaoppesensi ntheurdlecfonisetnitso designad e epatune thie tfawtiven
and/ or WD 2006/ 0Q73 X RCT[.US2005/ gZQO%qhergo power control may be inpl enmented
within one or noPECRpKHELAp; o84 QRBRAYqRthersol o0 ot ed circuits (ASIGs),

digital ge@mpl procersos SofRDPSinpleticatation, thed8etniqups dessibed hett intagSbe
(DSPDs), programmabl e | ogi ¢ devices (PLDs), field . prograrmag)l e gate arrays
( FPGAS) processaaa@?melﬁ?f? wath| raedules .8, Procghires Imstions, agd sp 9F) heb 8@ ot her

el ectronic unit Stﬂl%h%@%%&ﬂﬂ@d AR TR shRa! ©dASs mEFBE stoP&Pin P hitinbry OF 2

conbi nati on thereof. or a software 1 nplenentation, the techni"ques
descri bed her ei numitfe.hanemonyluvaitei? adFiu. thamicotedus ea propesporde g oomm]ler

functions, and s n)that perform .the functi.ons.described herejn.,The

of tuar 6 codes niyOberecRrRty i Rp e g T R R ki B
FIG 6) and execegflodd¥son, iRrAGESERE it(dnbe cof@iinicativeély codpléd to the@rotes®er y uni t
may be inplenmented wiithin the processor or external to the processor, in

whi ch case it caNiaperiew eI exlekpevyindbedited to the processor via various
means as éb(ﬁgtno"m | Nl iRedbls des B o tRE df%Eﬁ%‘é oAGRGH iBEJl’(ﬂFﬂegfto bible
e to e i1led int

di scl ose odi nents iI's provide enab any person s e art
to nmake or use t hey pereserkilledverhs ar.to \faakicoorsusenthei freseat investiano Viaeises

enbodi ments wi || m%ﬁiﬁrcgt?ocgs 'th th%géa eanrlbeoﬁ;[mén?s \%n}flqbseereg .yl alpgac:irelil Qo Eh%ge skilled in the
art, and the generic principles defined herein may be applied to other embodiments
without departing from the spirit or scope of the invention. Thus, the present
invention is not intended to be limited to the embodiments shown herein but is to
be accorded the widest scope consistent with the principles and novel features

disclosed herein.



art, and the generic principles defined herein nmay be applied to other
enbodi nents w thout departing fromthe spirit or scope of the invention.
Thus, the present invention is not intended to be limted to the

enbodi ments shown herein but is to be accorded the w dest scope consi stent
with the principles and novel features2?2disclosed herein. 22 CLAIMS What
is clained is: 5 1. A nethod of perform ng power control in a conmunication
system conprising acts of: receiving a codeword via a first wireless |ink;
generating a nessage to adjust the pGaiMS$ased on whet her said codeword was
within an erasure threshold; 10 transmitting said nessage on second wrel ess
link; and adjVU&tisfpiPrdSer asure threshol d upon receiving a codeword that is
a known godgword.y 2,.glhe o@?eb@ﬁnag ﬁv@r%ﬁ&bf‘hplaa&éﬂuqaumt:&ﬁc;nhﬁrs_teﬁﬂ”pr' sing
act of generating a 15 nessage to decrease the power 1 f determ ned that

sai d codewor domprsing hitnofsai d  erasure threshold. 3. The nethod as clained in
claim1, further conprising act, of generati & Message to i ncrease the
power if deterni né‘EFrgF’ 2 SFeFooe EIWFéesﬁ@g Wi thin said 20 erasure
threshold. 4. The aRiNAY AfeSARITRAUIIMEP Rk dNbAsedMNOH R tRer SRl G odGkorf o
generating a nessage to decrease the power conprises an act of determ ning
a step down b wethingsi esgpuee thepslydd; erasure rate. 25 5. The method as cl ai ned
in claimg3, wherein said act, of generati .a sage to increase the power
conpri ses‘}éact of GRPEPNTS ARG Be%S eﬁnﬁﬁco\9glq"drgleﬁ£ii§nﬁl{galgg target erasure rate.
30 6. The nethod agjusdryi thedrabute elradh¥lBuponhiedediin}; Sedddwasd thaf isg&newat i ng a
nmessage to increase the power conprises act of generating a nessage for a
first physi cafettidnnel . 35

2. The method as claimed in claim 1, further comprising act of generating a
15  message to decrease the power if determined that said codeword is within said

erasure threshold.

3. The method as claimed in claim 1, further comprising act of generating a
message to increase the power if determined that said codeword is not within said

20 erasure threshold.

4. The method as claimed in claim 2, wherein said act of generating a
message to decrease the power comprises an act of determining a step down value

using a target erasure rate.

25
5. The method as claimed in claim 3, wherein said act of generating a
message to increase the power comprises act of determining a step up value using
a target erasure rate.

G 6. The method as claimed in claim 3, wherein said act of generating 2

message to Increase the power comprises act of generating a message for a first

physical channel.

35



23 7. The nethod as clained in claim1, further conprising act of adjusting
said erasure threshold based on a nunber of sane type power |eve
adjustnments 5 requested. 8. The method as clained in claiml1, wherein the
said act of transmitting further conprising act of transmtting in
accordance with a Code Division Miltiptex Access (CDVA) schenme. 10 9. The
nmethod as clainmed in claiml, wherein the said act of transmtting further
conprising act of transmitting in accordance with an Othogonal Frequency
Di vi si onal M| ti pirax n{c@HaMs chehen®.clakb 11 Gurththesneishpchcast alj@kingshid n cl ai m 1,
wherein said act of transmtting further_ conprising act of transmtting in
accor dance wrgprraiheshdd v orredh @yOfEFE?éﬂ%hPR%Pieﬁﬁeumgggggs(OFwa
schene. 1%. é%ﬁggggratus for perform ng power control in a conmunication
system 0cC rising: neans for receiving a codeword via a first wirel ess
i nk; means for conputing an indication of confidence that the received

codeword is correct, the [ndicati.on bein ased on a,determ nati.on of the
Eucl i dean di 8t an_cg}hﬁé?‘%ﬂé ag ﬁléuqeéldéiﬁ?aéﬂ go"@ﬁﬁﬁ gﬁheaﬁ‘dd é%fc%fr%?mémtg%%_ of
possibl e 25 pifld LorRARMRT 431 oMERNSIAL ACRRbRALHAJ INMRSCAYS Didsidal US! t he
power based on whether the conputed indication of confidence was within an

erasur e t hr edhotigex Anatssn€aNdAf shetneansnitting sai d message on second
Wi rel ess éink, 30 12. The apparatus as clainmed in claim 11, further
conprisiﬂ means for generating a nessage to decrease the power if

determ ned that sgihd EQHEIVAE diainged W didiinN], Sikiclei® RS bdi® athsfghehduing5 24 13,
The apparatus as clained in claim11, further conprising neans for
generating a fertles agumpréingn erte o erahietgaEp PECOFBREY HY'HEe ANt 4thoga®d codeword

is 5 not w é'ﬁec?ﬁ%v%&%%%ﬁ%ﬁé@% ﬁBhQsd&%m.The apparatus as clained in
claim12, wher &R €ar g reans 18r - gener ting a
15 10.  The method as claimed in claim 1, wherein said act of transmitting further
comprising act of transmitting in accordance with an Orthogonal Frequency

Division Multiple Access (OFDMA) scheme.

11, An apparatus for performing power control in a communication system,
20 comprising:
means for receiving a codeword via a first wireless link;
means for computing an indication of confidence that the received
codeword is cotrect, the indication being based on a determination of the
Fuclidean distance between the received codeword and each of a set of possible
25  valid codewords;
means for generating a message to adjust the power based on whether the
computed indication of confidence was within an erasure threshold; and

means for transmitting said message on second witeless link,
30 12 The apparatus as claimed mn claim 11, further comprising means for

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

within said erasure threshold.
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nmessage to decrease the power conprises neans for determining a step down

val ue using a target erasure rate. 10 15. The apparatus as clained in claim
13, wherein said nmeans for generating a mnessage to increase the power
conprises neans for determining a step up value wusing a target erasure

rate. 15 16. The apparatus as cl ai ned #h claim 13, wherein said neans for
generating a nessage to increase the power conprises neans for generating a
nmessage for a first physical channel. 17. The apparatus as clained in claim
11, further c¢anpriTé ngpieansast daimedOnadjims i nfurdhar dompasag entahs dshol d based
on a nunber of sanme type power |evel adjustnents ested., 18 .1n a

wirel ess conﬁﬂﬁﬁ@ﬁgPdﬁ“§¥§ﬂ8&?“&ﬁeéﬁ%ﬁ?ﬁ%dﬁd@ﬁﬁﬁpﬁiﬁ%gﬁmgﬁng?gg roni ¢

devi ce, 89idn§$§@5ﬁgﬂggmgﬁghgg¢ggpfigured to receive a 25 codeword via a
first wireless link, to conpute an indication of confidence that the

recei ved codeword is correct based on a determ nation of the Euclidean

di stance be en_t he recei ved .codewgr.d and,each of a t  of i ble valid
codewor ds, t megeﬁ%Fé?@uﬂyﬁﬁézgﬁg P%B%ﬁﬁ s?hFﬁg“%gME%l %?8§ngﬁgﬁi%ther t he

i ndi cati on OfnesGRNtd defteRe WAS pWlvbNEdnBibe S hAGHY fortdut@shithel s spddéwon transmit
sai d nessage on 30 second wireless |link. 19. The apparatus as clained in

cl ai m 18, wheslet mingd drgel eretwrorite device further configured to generate a
nmessage gﬁ decrease the power if determned that said codeword is within
said erasure threshold. 35 25 20. The apparatus as clained in claim 18,
wher ei n sai d1gl ectiheapgarfteyiCeaimkd id ifim omhegin adl heangdoegatwtiag message to
increase the power if determned that 5 said codeword. is not within said
erasur e t hr esiéirge tomereigethg FOFFRERPIESS aeaernféa FISTRNGSA P YBHATEI n sai d

el ectroni c deyi r gonfigured to determne a step down value using a
t ar get erasuﬁéhggﬁgggf%ggéf %he apparatus as clainmed in claim20, wherein

said electronic device further configured to determ ne a step up val ue

using a target ergoure rate. 23, The apppyatusasiplaimed in claim 20.

message to increase the power comprises means for generating a message for a

first physical channel.

17.  The apparatus as claimed in claim 11, further comprising means for
20 adjusting said erasure threshold based on a number of same type power level

adjustments requested.

18. In a wireless communication system, an apparatus comprising:
an electronic device, said electronic device configured to receive a
25  codeword via a first wireless link, to compute an indication of confidence that the
received codeword 1s cortect based on a determination of the Euclidean distance
between the received codeword and each of a set of possible valid codewords, to
generate a message to adjust the power based on whether the indication of
confidence was within an erasure threshold, and to transmit said message on

30  second wireless link.

19.  The apparatus as claimed in claim 18, wherein said electronic device
further configured to generate a message to dectease the power if determined that
said codeword 1s within said erasure threshold.

35



further configured to generate a nessage for a first physical channel. 15
24. A machi ne-readabl e st orage nedi um conprising instructions which, when
executed by a nmachi ne, cause the machine to perform operations including:
receiving a codeword via a first wireless link; generating a nessage to

adj ust the power based on whet her sai d22odeword 20 was within said erasure
threshold; transmtting said nessage on second wireless |ink; and adjusting
the erasure threshold upon receiving a codeword that is a known codeword.
25 25. A nachibne- éadglphanst o agenadei cininof 8 vhbmin? daid fdkctrheic doipri si ng

machi ne readable insfruction to cause machi ne tqQ gener a nmessage to
decrease th prfiguretboggeRf A @Fﬁé%geéail%r%ﬁg\ﬁdw&’ef ?%et“ﬁf‘ﬁ §§I d erasure

threshol d5 2,44, RS AL Storadaammgdi um of claim 24, further
conprising 30 machine readable instruction to cause machine to generate a

nessage to increase the power if determ ned that said codeword is not

wi thin said %ri .asurﬁlet zt]gp?lr.sar‘gl?s,l gs' claimed in claim 19, wherein said electronic device

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

10 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 claitn 20, wherein said electronic device
further configured to generate a message for a first physical channel.
15
24. A machine-readable storage medium comprising instructions which, when
executed by a machine, cause the machine to perform operations including:
receiving a codeword via a first wireless link;
generating a message to adjust the power based on whether said codeword
20 was within said erasure threshold;
transmitting said message on second wireless link; and
adjusting the erasure threshold upon receiving a codeword that is a known

codeword.

25 25, A machine-readable storage medium of claim 24, further comprising
machine readable instruction to cause machine to generate a message to decrease

the power if determined that said codeword is within said erasure threshold.

26. A machine-readable storage medium of claim 24, further comprising
30 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.



