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COVMUNI CATI ON SYSTEMS [ 0001] The present application
W@ b@Beeps i ority to provisional U S. Applicati POT/B8200&056486
No. 60/894,379, entitled "ACKNOALEDGEMENT TRANSM SSI ON
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apanedo thejapggnsie\icesob andupceippraseddcaia by rafpfgmse sy st ens,
Frequency Division Miultiple Access (FDVA) systerns,
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FDVA ( SCFDVR) systens. BACKGROWNI ess comruni cati on
system may i nclude any nunber of base stations that

tan sEmbdrt comuni cation for any nunber of subscriber

statjons. A subscriber station nmay communi cate with a
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communi cation link fromthe subscriber station to the

base station. [0005] The system may support hybrid
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{0083 M SWirokes§ oommunication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may include any number of base stations
that can support communication for any number of subscriber stations. A subscriber
station may communicate with a base station via the downlink and uplink. The
downlink (or forward link) refers to the communication link from the base station to the
subscriber station, and the uplink (or reverse link) refers to the communication link from
the subscriber station to the base station.

[0005] The system may support hybrid automatic retransmission (HARQ). For data
transmission on the downlink with HARQ, a base station may send a transmission for a

packet to a subscriber station. The subscriber station may decode the packet based on



packet to a subscriber station. The subscriber station

may decode the packet based onthe transm ssion and nay
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correctly or a negative acknow edgenment (NAK) if the

packet is decoded in error. The iase station may send
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received and nay term nate transm ssion of the packet
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EHElsS G%@Wﬁéﬁo%tsﬁt‘?fﬁrﬁrws%&?é hskan.sdp @i éqmgnea%ql iple (e.g.,

Qigﬁ )\4%9 Psr f Eho%la'ns 4y B LWORRANNRY m%ysdeg&%dggﬂal to one

Perent su tations may
snd‘rhldrt dihe mmih!,atisa Isylmldd)lﬁ ﬁrea eﬁnttmsmhys b@ﬁetﬁbn Inedsple ouigcarriers in one
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signaling value (e.g. an ACK or a NAK). The subscriber station may map the

modulation symbols in each vector to multiple subcarriers in a different tile. The
subscriber station may send the mapped modulation symbols in the at least one tile to
convey the signaling value. In one design, the subscriber station may determine a first
set of three vectors usable by the subscriber station for ACK and a second set of three
vectors usable by the subscriber station for NAK. The subscriber station may send the
first vector set if the signaling value comprises an ACK and may send the second vector
set if the signaling value comprises a NAK.

[0009] In one design, a base station may obtain at least one vector (e.g., three

vectors) of received symbols from at least one tile (e.g., three tiles). The base station



set if the signaling value conprises a NAK. [0009] In
one design, a base station may obtain at |east one
waeeBorefe. g., three vectors) of received synbPCHUS20081056486

at |east one tile (e.g., three tiles). The base

stationmay process the at | east pne vector of received
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FIG 2 shows an exanple frane structure. [0013] FIG 3 ]
K0 o \suismappnests and fartiss of ther dipepture preydesggibedrin further detail
gybgarriers (PUSC). [0014] FIG 4A shows a tile

structure for an uplink ACK channel for PUSC [0015]

FIG 4B shows a tile structure for an uplink ACK
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[0015] FIG. 4B shows a tile structure for an uplink ACK channel for optional PUSC.
[0016] FIG. 5 shows a signal constellation for QPSK.

[0017] FIG. 6 shows a process for sending signaling by a subscriber station.

[0018] FIG. 7 shows an apparatus for sending signaling.

[0019] FIG. 8 shows a process for receiving signaling by a base station.

[0020] FIG. 9 shows an apparatus for receiving signaling.

[0021] FIG. 10 shows a block diagram of the base station and the subscriber station.

DETAILED DESCRIPTION
[0022] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA and SC-FDMA
systems. The terms “system” and “network” are often used interchangeably. A CDMA

system may implement a radio technology such as ¢cdma2000, Universal Terrestrial



[0022] The techni ques described herein may be used for

various W reless comuni cation systens such as CDMA,
waDp112eBVA, OFDVA and SC- FDVA systens. The t ePEBUS2008/056486

"systent and "network" are often used interchangeably.

A CDVA system may i nplement a radio technol ogy such as

cdma2000, Universal Terrestrial Radi o Access (UTRA),

etc. An OFDMA system may i npl enent a radi o technol ogy

such as Utra Mbile Broadband (UMB), Evol ved UTRA

edigggess {(EHRABo%C.1 An ORRIMA systery Bey deplanieag atradigstechnology
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0023]  For_cl arit&%@vari ous aspects of the techni ques
EE 86329 Hath-QEPIPs ¢fe. \Ahraxyarigns dadip dechpolegisy apg standards are

‘Eﬁgg]l%qge , entitled "Part 16: Air Interface for
I xed and bi | e Broadband Wrel ess Access Systens, "
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Q&ﬁéﬁ%@l@@?@aﬁ%a@ﬁ@if&&s B@é@gs%is%s@@@édqégtog&x%dZO@@,dand in IEEE

Ile Operation in Licensed Bands," dated February
2@ 10 11t1gh éBert doc e dntsrfacce fayubiked lapd aMabilca BreadbTink Wireless

echni gues al so ~ysed. for E.802., 16m [
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Stations and nay perl% or m f unct i ORs: such 'as
poapct ifMG.yl shanagewtolecss andmaaihtied spdter UlRC viithemultiple base
stations. A base station nay also be referred to as a )
NednsgBSa ] 18 el padtine gubisribgistaiianees) déPntA bagecstatien is a station
P B hichs o SR QUi o o At such as
sdratctovity, nfadgtmjenBuindatonirel ofStubdrires sth@Onarax Hage station may also

i spersed thro 0 t he sys and each subscri ber
g? é&g’gﬁ‘? RyASpd tuléoﬁ%reyo%?é ﬁg]‘kﬂel E.’ an ascﬁﬁ%scﬁ’ql‘bteyetc- A system
é&rﬁﬁdll@ﬁlf(ﬁ%aﬁ'c&?pl@?o bRE %{aﬁ@ﬁ’s i &% Iﬁo{ﬁﬁ@ !cb@rdﬁfaﬁ&ﬁ @hd céhtrol for
termnal, an” access term nal, a user equipnent, a

thebslease blationmi t, a station, etc. A subscriber station

[Bal’® Sufiorute SeoBuvTR oY PG bRl CRRARATE) o cocn

SlEeEGr Ration may be stationary or mobile. A subscriber station may also be

referred to as a mobile station, a terminal, an access terminal, a user equipment, a
subscriber unit, a station, etc. A subscriber station may be a cellular phone, a personal
digital assistant (PDA), a wireless device, a wireless modem, a handheld device, a
laptop computer, a cordless phone, etc. The terms “subscriber station” and “user” are
used interchangeably herein.

[0026] IEEE 802.16 utilizes orthogonal frequency division multiplexing (OFDM)
for the downlink and uplink. OFDM partitions the system bandwidth into multiple
(Nrrr) orthogonal subcarriers, which may also be referred to as tones, bins, etc. Each
subcarrier may be modulated with data or pilot. The number of subcarriers may be

dependent on the system bandwidth as well as the spacing between adjacent subcarriers.
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i.ncl.ud et, of rr| rs. that
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uplink na MAP), and
dopwnhnk (DL% bursts The) preamble may carry a known transmission that may be used

by subscriber stations for frame detection and synchronization. The FCH may carry
parameters used to receive the DL-MAP, the UL-MAP, and the downlink bursts. The
DL-MAP may carry a DL-MAP message, which may include information elements
(IEs) for various types of control information (e.g., resource allocation or assignment)
for downlink access. The UL-MAP may carry a UL-MAP message, which may include
IEs for various types of control information for uplink access. The downlink bursts may
carry data for the subscriber stations being served. An uplink subframe may include
uplink bursts, which may carry data transmitted by the subscriber stations scheduled for

uplink transmission.
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where M, g, ., 1s the modulation symbol index of the A-th modulation symbol in the m-

th tile of the n-th uplink ACK channel. Pilot modulation symbols may be sent on four
pilot subcarriers 414a through 414d located at the four corners of the tile.

[0033] FIG. 4B shows a tile structure 420 for the uplink ACK channel for optional
PUSC. Eight modulation symbols may be sent on eight data subcarriers 422a through

422h in a 3x3 tile. These eight modulation symbols may be denoted as M for

n,8m+k °
0<k<7. One pilot modulation symbol may be sent on a single pilot subcarrier 424

located at the center of the tile.



resources, tinme frequency resources, etc. [0032] FIG

4A shows a tile structure 410 for the uplink ACK
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on eight data subcarriers 412a through 412h in a 4 x 3

tile. These ei ght nodul ati on synpols may be denoted as

M %tk , for O < k <7 , where 8mti is the

nndulation synbol index of the -th nodul ati on synbo

inthew t tile of the n-th uplink ACK channel. Pil ot
HitS'éél at ifon thy Hpgks ARy cliyangle ﬁtghb Artheggnahyecsers may be defined and
r r hr

g%{&gé;ﬁr £S§ 2 S é&é‘@\ﬁ g%@%ﬁ %} goiﬁg]gﬁg %B'ﬁﬂ)%u al(ﬁUﬁ symbols to be

sdnit wat the e:lthQiafaD Buﬁcbmelmp in oke AGK dharmght feotoroM,i thrvalgh V5 are

PUSC. 5ﬂght nDd Iatlon synbol s may be sent on eight

BEkogosHE aF FeRticraphiehy YoRrgRPESSH 4%h a 3 x 3 tile.

These elght nodul ati on synbol s may be denoted as M

8mti k <7 pHl @t pogu synbol may

be sent’ onf@ si'ngl e g?qE?ZSZBg%rrler&ﬁE 7Q?bcated at Ea(D)

the center of the tile.[0034] For the uplink ACK

Gharne Jabehh ceﬁjhgag%ﬁépo\g@ct ors nmay be defined and

denoted as Vo through V7. Each vector may include

HI0gAL nddG & shnw&9ma@pteom§@als@ﬁﬁtebquh@remxgﬁtaudatrﬁlase shift
tfr(}:é@a r&(ﬁ%ﬁéi bnbgﬁnﬁfj%{)& lg.n Th-{agltgﬁl gcl?)tn VﬁCtho%r 1%01\1/1@8 oru(r)%%nal points

&%&fs@@t&ﬁﬁ’g as: fois p¥dditle Omodil@tior syﬂanIZ for QQPS!Z amdch modulation

g (1) where "H" denotes a conjugate transpose.

mrﬂaﬁ]ls Franpbx yabefdhe Bxamplte/ 5 gie sopsgtredlicampenent and x, is

for quadrature phase shift keying (QPSK) in | EEE

80 amagnaryosiponeiial Theorest epmaencoh xi mey jees afilie off gifher -1.0 or

n ; ondi, r [ n
Q?'o gn}sd tﬁg I{&%@@% %% é}&t Hllagtglpsézlagé ﬁb%%% S‘Eﬂe? ohiQ0Ly 10 The

ﬂﬂﬂr u@dafatibheyrhb61sadé dehoted as POSET, @2>§11d iPS, & Sh@ﬁlln in FIG 5
onent and xq is an |nag|na8y conponent The re

E!S‘ bnenkh evaghweﬁs(ﬁe Va (aougd & ey Hesy formed mlth+ilgbt different
Y, v

gt%mnurtanﬁ)nk %Pgé. ﬁé/esctﬁ_'_'f?lﬁgi@%ﬁcffl@aftfggrsyﬂlbgfél Igﬁf’gn§§ya% Lt% Table 1

gives den oigbd naslulR@pn RymbPR @nchcR3of ths S luvwecians NoGhr(SJ.gh V,, in
00%9% The elggt .vectors Vo through V7 may be forned

PORTth@nF Aeti®ht pernut ati ons or sequences of QPSK

nodul ati on synbols PO Pl, P2 and P3. Table 1 gives

the ei ght nodul ation synbol$mMgleach of the eight

vectors Vo through V7, in accordance wth one design.

Vector Indexi | Vector Modulation Symbols in Vector V;
0 Vo PO, P1, P2, P3, PO, P1, P2, P3
1 A\ PO, P3, P2, P1, PO, P3, P2, P1
2 Vv, PO, PO, P1, P1, P2, P2, P3, P3
3 V; PO, PO, P3, P3, P2, P2, P1, P1
4 V4 PO, PO, PO, PO, PO, PO, PO, PO
5 Vs PO, P2, PO, P2, PO, P2, PO, P2
6 Vs PO, P2, PO, P2, P2, PO, P2, PO
7 V5 PO, P2, P2, PO, P2, PO, PO, P2

[0037] A subscriber station or user may send an ACK or a NAK for a data packet

received from a base station. The ACK or NAK may be sent using a set of three vectors



Table 1 [0037] A subscriber station or user may send

an ACK or a NAK for a data packet received froma base
wae@siioe’e The ACK or NAK may be sent using a SBECT/G$2008/056486

three vectorsof eight nodul ati on synbols, with each

vector being sent in one tile. The ACK or NAK may be

mapped to three vectors as shown in Table 2. Table 2

[0038] In the design shown in Table 2, the user nay

send vector Vo in the first tile, vector Vo in

%@%lﬁdn‘?dql@lonaﬁﬁalb(?@e wih coeh vostarhsingieridintone &ilg: oThet AeK or NAK
ﬁ%%% 4CK. The user may send
tor &ﬁﬂﬂ%%kf§§u§gp&$xyg@%or V7 in the second
tlle, and vector Vin the third tile to convey a NAK
The base station may det ect Talde 2t he ACK or NAK from
the user by correlating the received synbols in the

LI Fodiion, GRS PRGAR O Vo and, Y AR mheo

[0039] A sDngle user nmagKbe assi gned an\prdﬁ% ACK

chanmmel—ang may s&nd gﬁ CK o a NAKON & K ACK
channel as shown iin T ﬁ’ In this casé "onl?y two
vectors are used in each tile, i.e., vectors Vo and V4

vect in the sec

' e first tile,
‘ﬂ'ﬁér arlB GodtsggE i B 1 Wt D ahg Fpior o the first il

A% Vi Inethe SERH IO IndIVEcthe §, R %@ﬂhﬁrd ot fdtsed qu&OA@k channel
In an aspect, up to four users may share an upli

theomey aanzﬂCKay Thé mu¢rt maeoos] yeden¥s timehe fACKINAKCar V7 in the

o B bl GtV ek i BTl TRt R JpE iR saton may

g&est By tht ACRSér Nm( ﬂ%ﬁf thieNis@Nly GbirElating HR. re&iNE&Rs B in the
ei ght vectors are orthogonal to one another, up to

fhaesr tilgs @painstaxectnss Ml Vopinex¥d aech alsh @gg@ﬁfemmrs , Xokand Vz, as
mﬁéﬂg bW% h little or no degradation in perfornance
annel response is relatively flat across

pch] ti IAe sn{glméédr rhay baasd@sidoan uplinkt aKoWhannskersd MRy send an
S|nultaneouslﬁ send ACK/ NAK on the same upli

i nk ACK
Afdnfiet Nadk e nllﬁk%@h@new&h@“@[w&hf c 3 nlngthg case, only two
(63419 BrSRQWm éef& Tﬂ@'l% C%ct%?scv UREV, B e RSt & %&9&8& \%"\Qld V7 in

vectors for Sen e vector e sent In
thactecafd tll'ee and IVecEtOItSI Yesnd 8 ihhke dptd nk. AEM mhrtﬂe,l retmaining six

convey Cﬁ% and the other vector may be sent in
%%@WS?eWﬁE ree

[0040] In an aspect, up to four users may share an uplink ACK channel and may
simultaneously send their ACK/NAK in the same three tiles. Each user may use a
different pair of vectors in each tile so that each vector is used by at most one user in
any given tile. Since the eight vectors are orthogonal to one another, up to four users
may be multiplexed on the same uplink ACK channel with little or no degradation in
performance when the channel response is relatively flat across each tile.

[0041] In one design, up to four users may simultancously send ACK/NAK on the
same uplink ACK channel as shown in Table 3.

Table 3

User ACK/NAK Vectors for Tiles 1, 2, 3
1 ACK Vo, Vo, Vg




tiles to convey a NAK. For exanple, a user may be
assi gned vectors V4 and V5. This user may send vector
wo/doosniwach of the three tiles to convey an AGKCHOS2008§56486
send vector V5 in each of the three tiles to convey a
NAK. [0043] In another design, to four users may
si mul taneously send ACK/ NAK on t'he sanme uplink ACK
channel as shown in Table 4. In this design, user 1
may send ACK/ NAK_usi ng the vectors shown in Tahle 2
Users|2, 3 and 4 mayNa&nd ACK/ NAK usi Ny, Vi,ihWgr vectors
not ugsed Dby USen 1 T _gactt (i1 e. Taote 4 {90441t the
desi gn sho i n|Tabl @K, each user may?0¥>38si gned t wo
sets of three vectorgakor sending ACK&@AK%‘ghe set of

t hr ee preetors—ray—be—sent—i-m—thethreet+Fesfoerthe
upl i nk ACK _channel t&8CEonvey an ACK, ¥adVi e ot her set
of thiee véctorg nay. ggfent In the tnRﬁth €S to
convey a NAK For exdnple, a user y 'Be' Assi gned a
first |set of vec¢torsa¥R V3|and V3 fov,AZKwgnd a
second set 4of vectors—VF+—Vrand—vVfor—NAK—This—tset
may send the finfst sEfKof vectors V3, YWdVantd V3 in the
three tiles to convey an ACK and may send the second
set of vectors V7, Vand Vin the three tiles to

teky dnNaxdeqgogewimaplabde 3, eash wersmayybe wesighegnipiogvectors for
' f t j 0 e . .

PR CRINEN, DB SRR O OHL g LD EIR0P e it

MUK clpnaXled doassdaroACHET, hed titbesth@nscir tniuydhef deart Bndach of the three

assi gnnments of vectors to each user for sending )
e/ egnvey goRSI- FT xpmgles f iseltBf% Do s gRdwscter ¥ apd Vs This
ﬁﬁr rhBRMEend \Le_gfor SEPGALdch & Sh@ e AYifds! BRloGviy af ALK tahli Snay send
These "four pilot subcarriers may be used i'n various

vemoreY sinteactadf thevthrbetibagecsivay a NAK .o per f or m channel

timation for the users .and/or interference
@f':; ﬂgt ilB ﬁﬁoﬁébaeﬂgﬁ, AP A O B FIgMaY% gm?tag@uslﬁa%;n% HACK/NAK on

AR SdagReHARA OK! HanSY RS &REWRTin ITALRALN 1 ithi€ de§ilh, user 1 may send
exanpl e, user 1 may be assigned pilot subcarrier 414a

ACKENGK yying theevecrirshpveingeblghetlspis 208 agd¥oasy saad ACK/NAK
4l4bbtusert3 y b§ assigned @%Lpt subcarrier 4l4c,
gﬁ%ﬁu&%?vﬁ”ﬁ§901§e B%Pﬁﬁ dnﬁﬁ ?eSubcarrier 414d. Each

user may transmt one pilot nodul ation synbol on its

assi gned pilot subcarrier. Thigeldase station may derive

a channel estimate for each user based on the pil ot

14

anot har a0NTen. |1 bt K Rnghnal AN TNHID: fibn
may be defined, ACK Vo, Vo, Vo
! NAK V4, V7, V,
5 ACK Vi, Vi, Vi
NAK V2, V4, Vs
; ACK V3, V3, V3
NAK Vi1, V2, Vy
4 ACK Vs, Vs, Vs
NAK Vs, Ve, Ve

[0044] In the design shown in Table 4, each user may be assigned two sets of three
vectors for sending ACK/NAK. One set of three vectors may be sent in the three tiles
for the uplink ACK channel to convey an ACK, and the other set of three vectors may



wi th each vector including four nodul ati on synbol s.
For exanple, vector W may include nodul ati on synbol s

weE0sRQ67¢P0O and PO, vector W may include nodubP@r/Us2908/056486

synbols PO P2, PO and P2, vector W2 may include

nodul ati on synbols PO Pl, P2 a ﬁ P3, and vector \WB

may i ncl ude nodul ati on synbol s , PO P3 and P2. Each

user may be assigned one of the four vectors and may
transmt the four nodul ation synbols in its assjgned
Detanpin the thise tilesup cpnyeyta Noke ol ¢ p@pleTp aisgraey be agsigoad a first

h
%%X)fdv%&!o}lseV ¥ QﬁH‘?f'ﬁnglsﬁ'c‘i@Eﬁd E%ﬁ%ﬁﬂ%t BF?E%gﬁtsﬁét\%”and Vv, for

e vector our ation s ol's sen
Nowlt.. TheOdS} nay yeetl thnbitdoset dtésecgﬂs Vtgha’g fapdrvypinl the three tiles to

subcarrie are not signed to fhe us

SRR ALR agdmesng He od st 0 ok HiHar Nro s ancgwé iththghree tiles
& @O R estimate the interference for a tile based

on four received synbols fromthe four pil ot
Buﬂﬁhrrﬂ@bks3ﬂhel%amBN$Wammmmphaymw$30fheﬂmﬁtﬂngepén@@n1mem

|nate de e cri bed bel [O
O M BRIk e B0 e T ORPt i mgpaBpibegpoplexc based on
SHBE ST %n@ Kyithsdi B @@ﬂgﬁnﬂeﬂts RAGECthilst6 cadhfisN@r S@liNACK/NAK.
this ot subcarrier is not aSS|££ed to any user and

W6be lf@édﬂﬁbytﬂtqfiée a8 shewmin EHOf b, font pHeteyuberrecrs are available
I%Sé qulé o%hc[‘s%%\éxl 6?1 sagga\ﬁgrlé Iﬁla'%s@&%edl\ﬂl %Eleag‘}‘%%{er% tor allow the

OSﬁH vec

bxselswﬁbﬂgo ﬁe}fdmﬁctﬂaﬁﬁelesmﬁwdmﬂos theWRers @ndo? ind&€drén ddRYtimation.
share one uplink ACK channel, with each user being
9047 nedn ngjdesigresich giet may byestigped prg P‘é%fd’r\lb??im@r in each tile.

%3}1 Ul JIBY1 Sr%elgssg?g&' bﬁ{)t: Ql%]{;ﬁ%gp@ 1'11“51@1 QAV %gér% may be

e 12 subcarriers or an
amrgn\ed pilooaibbaticosl 4y oo l3smanbansidned pﬁet:M»camnr 11h® a2d user 4

sub arriers f r a, NAK. 2 eneral , an
tHogBLP! Q}e%lbsé}rg%%ﬁ“o% el v B Ty, B Po! modulation
%’rﬁ'ﬁ&l ed iastiPredpirglb@frie Ut 'Bﬁéeegtﬁldnr}n%aﬁ&nte' d &hannel estimate
vector may 1 nclude one nodul ati on synbol for each

grlsecdy uicebasgd edftlﬁmpllcg Mub@komKecew@ fnrd thag usan
SK
DR ERatSae . My pos TG s bR Bk g be defined

{vith adayh QicyeR iddihding Fo@ ABHUILGOASHNBMS. aTdr N@ARRY, veytor W, may
among all users sharing the tile. The nunber of users

tﬂ@h{decra@dléﬁmﬂesw@ls@ﬂ PO BO agd | ROxivieetgr BY: iy mghide rmodulation
%’ i 138 qul% tor[ Egl ?%Hl%ﬁ{l %@P{)ls PO, P1, P2 and
ghed tWo s vec 8rs for

BBLBEﬁnldeJector Wﬁmﬁj&incﬂlﬁde\tﬁ@dtﬂ)z[tﬁ)nfsymbﬁl&sﬂdﬂ ?g, P@Kncal?ﬂ. Each user may
anot her set of vectors for sendi ng NAK  Each

be assigned one of the four vectors and may transmit the four rnodulat1on symbols in its
assigned vector on the four pilot subcarriers. The base station may derive a channel
estimate for each user based on the vector of four modulation symbols sent by that user.
[0049] In yet another design, the four pilot subcarriers are not assigned to the users,
and no signals are sent on these pilot subcarriers. The base station may estimate the
interference for a tile based on four received symbols from the four pilot subcarriers.
The base station may use the interference estimate for detection, as described below.
[0050] For tile structure 420 shown in FIG. 4B, one pilot subcarrier is available in

cach tile. In one design, this pilot subcarrier is not assigned to any user and may be

used by the base station for interference estimation.



set may include one vector for each tile used for
sendi ng ACK/ NAK. I n the designs described above, three

wo piosg12re used for sendi ng ACK/ NAK, and each BEL/URMY8/056486

i nclude three vectors. [0054] A user nmay be assigned

an uplink ACK channel and two s ets of vectors for

ACK/' NAK in various manners. In one desi gn, an ACK
assignment may be inplicit and determ ned, e.g., based

on _downlink resources used to send data to the user

[095¢hi s Taespiger desk., Ybarhogamal easts swy beelpfiped. reisiell > 8, with

LR h&e ?Q)? cflllcfll{l(ﬁn%?h n@&ﬁ%n%gﬁfggﬁ t(y\@i/h u@éts share one uplink
specific se vectors b ing thdat 1's

kiadmohannpk, ivath cdayi dshe bbiag ess paddi a)d1fﬁai’tehttma ofSesctord I‘ﬁ@( cach tile.
ser may then send ACK/ NAK on this specifi link Al

Bkt ikl 14 Phaog tig, RETPAle e tor R Subﬁm‘@rs of a tile

flgsip rA@iQYarﬁiV %ia‘} §B’i&\1' MY thQdBatRn QyIBﬂst Sk néilo%ﬁeg n@échﬁlgon the 12
on the downlink”to convey the assigned uplink

gliteamels fand NAMG. sets of vectors. In anot her deS|gn, an

SSI nment . may be .ex LL an di cat e a
(0535 1SRl 6P 2B B afhis G PG SRR B dtif and may be
Aeved i B’j}k thel RORBr Milstbdal®erySer &ichaMe ShBE® dectePhiafKinclude one
ACK channel and may send ACK/ NAK on the sanme set oOf

mori@l@tlomsymbfé fo aedhosubeaiyicr secdi fpe sending AL\Krbils. die modulation
%{)ng@qls ?n%tgn Sy fsélg o8 SOHIG %@g} r%%&u%atlolnf scﬂg I lE%{Elﬁ vector may be

S are sent e users,

bagecsd &@bnl@mnﬁamelpmrafn@rgmmﬂed@ loede b adﬁwp@nﬂmgo@ﬂltp gong all
recei ved synbol s to deterni newhet her an ACK or
wiess ghepng e blge hgguimbergh useshEab pn Hefet 8IVEA t%%Selrrglted by the

gﬁngﬁkﬁ%hh&%ﬁﬁ{%ﬁ%& the aid of a pilot reference. The

ase station may perform non coherent detection for
faos3Lpl |Eralch ACK mbhabnadsignyd coo sab af vergors iorele uplidkoA€Kofhannel -
receiv ol s for three tiles a ai ns each
8‘?6 %ﬁé@? BromHaE S%d&ﬁg\ﬂél BaHheE s Of SRCPRAOr pindHie Aek. Each
%Hé)e ncpﬂde %@ hfeblt%? For9each @e Lidd R)‘f"%endﬁn@ﬂ(}?[(/ NA R 'ln th3 designs
[ where Ris a vector of Teceived

é@snbbﬁtctalffqvemhtdq?etﬂm e used &or svgdngnAGK AN Aécamsk casb et gy include

ser on the mth tile for an ACK,
ree vectors.

[0054] A user may be assigned an uplink ACK channel and two sets of vectors for
ACK/NAK in various manners. In one design, an ACK assignment may be implicit and
determined, e.g., based on downlink resources used to send data to the user. In this
design, the downlink resources may be mapped to a specific uplink ACK channel as
well as two specific sets of vectors based on a mapping that is known a priori by the
base station and the user. The user may then send ACK/NAK on this specific uplink
ACK channel using the two specific sets of vectors. This design may avoid having to
explicitly send signaling on the downlink to convey the assigned uplink ACK channel
and two sets of vectors. In another design, an ACK assignment may be explicit and
indicated by a UL-MAP message or some other signaling sent on the downlink.

[0055] Multiple users may share an uplink ACK channel and may send ACK/NAK
on the same set of tiles. A base station may receive eight symbols on eight data
subcarriers in each tile. If no pilot modulation symbols are sent by the users, then the

base station may perform non-coherent detection on the received symbols to determine



\ gn mis a vector sent by user q on the mth tile for
a NAK, Gln is a scaling factor for the mth tile, AQ

wo 2008/1met7¢ i ¢ for ACK for user q, and N q i s aPeEUR1008/056486

for NAK for user g . [0056] As an exanple, for user 1

in the design shown in Table 4, ga, mis equal to Vo,

Vo and Vo for m=1, 2, 3, respéctively, and is equa
toV, Vand Vfor m= 1, 2, 3, respectively. The

scallng factor GLn may be determ ned based on an

Wh?té?lf & évide o 9t Kt wan BTk birernch giser hORnepherent) detectiop refers to

ct Qvﬂ}{&[tstﬁle yau% %k at {iiott t%férgfc rmngﬂ th%:r Stg'IlOI{ Frl?alyeperform non-

nterrerence, hat ecel ve om a
volichenkt detgetiomfoe ticendinkeA GKychaend Ibg/emrﬂehmﬁg wrieg htgtodnd received

vice . v rs The pase station obtain o air
SyrabRls fer 8116%3 agaigst qgeh Sq@ RS @%99@% %ﬁﬁyb?%%%nt on the

QﬁhﬁJﬂCKech‘éﬁfél'B?%a&{‘uM QlfofloMAK was sent by user g ,
as follows: IfA g > then decl are an ACK was sent

by user g , EqQ (4) else decl are a NAK was sent by user

g . t one pilot nodul ati on synbol is
recelﬁg il%wm ﬁuz Wﬁgn the base station may Eq(2)
perforn1coherent detectlon on the received synbols to

det erm ne whet her an ACK or a NAK was sent by each

user. Cohgrent detection refers todetection with the

ai d ofV,ar pLPetll Yei & ehee. In one design, the base Eq (3)
station nay perforn1coherent detection for each user ¢

as foll ows: SG11IK K 11, d Eq (5 m=\ = \ g Hn, m

%ﬂeﬂéQleﬁﬂ V&c%r @reéelwa%fyﬁlbbﬁ ﬂr0°rn CvE LY HR:I 9 ain

estlnate for the mth til user %3 " " denotes
a conﬁb@xm@owpt@gaqnébwm qzﬂmthnm -thgfdle re@tA@Kt e Hg-m

may be obt ai ned d on one,or e dul ati on
symbol' & 88&i°Vel S?n g%“ﬁeré’ron i - #5) %K;m

G, 1s a scaling factor for the m-th tlle,

A, is a metric for ACK for user ¢, and

N, is a metric for NAK for user ¢.

[0056] As an example, for user 1 in the design shown in Table 4, V4, is equal to
Vo, Vg and V, for m=1, 2, 3, respectively, and V. is equal to V4, V7 and V; for
m=1, 2, 3, respectively. The scaling factor G, may be determined based on an
interference estimate obtained for the m-th tile. G, may be inversely related to the
magnitude of the interference, so that received symbols from a tile with large
interference may be given less weight, and vice versa. The base station may obtain one
pair of 4, and N, for each user g. The base station may then determine whether an ACK

or a NAK was sent by user ¢, as follows:

If 4,> N,, then declare an ACK was sent by user g, Eq(4)
else declare a NAK was sent by user g.
[0057] If at least one pilot modulation symbol is received from each user, then the

base station may perform coherent detection on the received symbols to determine

whether an ACK or a NAK was sent by cach user. Coherent detection refers to



[0058] In another design, the base station may perform
coherent detection for each user g as follows: = Gnl

WO ROK1IRe6I6 | |, and Eq (7) m= 1| where Hgmis a BUCH{S2V88/056486
matri x with channel gain estimtes along the diagona
for all data subcarriers in the mth tile for user (.
Hgm may be obt ai ned based on one or nore pil ot
nodul ati on synbols received fromuser q in the mth
tile, [0059] The base station _nay obtain Ag and Ng for
aefeqtionswith theamdobppilefetctrpncse Inuebe Hevigmihabgce statign xpgy perform
YR Do BLE B8 FROMOLG. cquation (4). The base
station may also performcorrel ati on of the vectors of
recei ved synbols with the vectors of nodul ation

synbol s detection of the sigpaling value in other
nanneF%Fgggﬁﬁafgghgmﬂgah%iquesa scribed herein may be E1()
used to sehnd ACK/ NAK on the uplink, as described

above. The techniques nmay al so be used to send ot her

types of gignaling such as power control information,
channéh=q§g tiyV i nfor Matilen (CQ ), beanforni ng Eq (6)
feedback rniformation, etc. In general, a user may be
assigned L sets of vectors for L possible signaling

wabres; m Wﬁﬁnheﬁgaﬂn csERfak @ﬂhe%-tl){ BRLBF SsefBYand

berefeffed to as a codeword, a vector sequénce, etc.

The uSér’ deaytes endmoles cemjugatt. vectors for a signaling

val ue bei ng conveyed. [0061] FIG 6 shows a design of

ThP Clemasisgahd) Ostintdte S 1) dhaycbesotgaiatd bged n @ne oAGISHNKIKIt rhedulation
a wreless conmmuni cati gn system Process 600 may be

perhds rrseivey ramsysss e 1 ther-8y i on or some ot her

gjr?gsf Y- i} Qﬁgt?gpn%égﬁﬁn? e ﬁs@ts{a@m?s O&Efgﬁ@@oﬂ@reﬂ{ ?ét@&%)‘h for each

vect or ation synbo In at [eas
osee gtas felldvor: a si gnal i ng val ue, one vector of
nodul ati on synbols in each tile (block 612). A vector
of nodul at,i on synbols may al so be referred to as a

sequeap@igignqdﬂiaHqu;swpbolsmup set of nodul ati on Eq (7)
synbol §, £ c” THE véétor of nodul ati on synbols for
each tile may be orthogonal to at |east one other

vect or of}nodulation synbol s usabl e by at | east one
ot her ,sub | begy s i@ngin the tile. I n one design,
t he vgéfb;i?%qggﬁﬂﬁﬁaf@hg’subscriber station and the Eq (®)
at | east one other vector usable by the at |east one

ot her subscriber station in each tile may
where H,,, is a diagonal matrix with channel gain estimates along the diagonal for all

data subcarriers in the m-th tile for user ¢. H,,, may be obtained based on one or more
pilot modulation symbols received from user ¢ in the m-th tile.

[0059] The base station may obtain 4, and N, for each user ¢ and may determine
whether an ACK or a NAK was sent by user ¢ as shown in equation (4). The base
station may also perform correlation of the vectors of received symbols with the vectors
of modulation symbols and detection of the signaling value in other manners.

[0060] The techniques described herein may be used to send ACK/NAK on the
uplink, as described above. The techniques may also be used to send other types of
signaling such as power control information, channel quality information (CQI),
beamforming feedback information, etc. In general, a user may be assigned L sets of

vectors for L possible signaling values, where L>1. Each set of vectors may be



be froma group of eight orthogonal vectors. In other
desi gns, the group may include fewer or nore

woeiRogenal vectors. [0062] The subscri ber st aPCDOS2088/056486
map the nodul ati on synbols in each of the at |east one
vector to multiple subcarriers |n a different one of
the at |least one tile (block 614) I n one design, each
vector may include eight nodul ati on synbols that may
be mapped to elght subcarriers in one tile. In _another
trdaTyho as acrdyendor VA foaBEIsEecte.2 Tho AT 20aYo1end PR 8t vectors

t subcarriers in one tile. Each

52%1&gﬁﬁngsdpggaﬁgcﬁﬁﬁég?emer or nore nodul ation

Reibpl s . FIEack dhblve aradesigavef anyrosbapeO@rtdr ismmdmgzlesi@mying (e.g.,

n er of subcarriers. The subscriber st y al so
ﬁﬁwﬁg@ 4 S WEHESSHOHRUHE IR 5 PSR- %7 %b@ eeI&‘é{OTmed by a

ﬁﬂﬁcﬁ%@%@aﬁbh% sbﬁe‘%ﬁ'{?é? dntihy€ @ﬁe SRS 1R s%oﬁ'rh%l determine at least
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fodulation symbols in the at least one tile to convey the signaling value (block 616).
[0063] In one design, three vectors of modulation symbols are sent in three tiles for
the signaling value. The subscriber station may map the modulation symbols in each
vector to multiple subcarriers in a different tile. The subscriber station may then send
the mapped modulation symbols in the three tiles to convey the signaling value. Fewer
or more vectors of modulation symbols may also be sent for the signaling value.

[0064] In one design, the signaling value comprises an ACK or a NAK. The
subscriber station may determine a first set of at least one vector (e.g., a first set of three

vectors) of modulation symbols usable by the subscriber station for ACK. The
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case, the subscriber station may select one of the multiple vector sets as the at least one
vector of modulation symbols to send based on the signaling value.

[0068] FIG. 7 shows a design of an apparatus 700 for sending signaling in a
wireless communication system. Apparatus 700 includes a module 712 to determine at
least one vector of modulation symbols to send in at least one tile for a signaling value
(e.g., an ACK or a NAK), one vector of modulation symbols in each tile, a module 714

to map the modulation symbols in each of the at least one vector to multiple subcarriers
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three vectors of modulation symbols usable by the subscriber station for NAK to obtain

a second value, e.g., as shown in equation (3), (6) or (8). The base station may then
determine whether an ACK or a NAK was sent by the subscriber station based on the
first and second values, e.g., as shown in equation (4).

[0072] In general, the signaling value from each subscriber station may be one of
multiple possible signaling values, with each possible signaling value being associated
with a different set of at least one vector of modulation symbols to send by the

subscriber station in the at least one tile. For each subscriber station, the base station
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station to obtain modulation symbols for that subscriber station. Transmit processor
1010 may also process overhead information (e.g., MAP messages) to obtain
modulation symbols for the overhead information. A transmit (TX) MIMO processor
1020 may multiplex the modulation symbols for all subscriber stations and overhead
information with pilot modulation symbols using any multiplexing scheme. TX MIMO
processor 1020 may spatially process the multiplexed modulation symbols and provide
T output symbol streams to T transmitters (TMTR) 1022a through 1022t. Each

transmitter 1022 may process a respective output symbol stream (e.g., for OFDM) to

obtain an output chip stream and may further condition (e.g., convert to analog, amplify,



signals fromtransmtters 1022a through 1022t may be
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110, the uplink signals from subscriber station 120 may be received by antennas 1024,
conditioned by receivers 1022, detected by a MIMO detector 1038, and processed by a
receive processor 1040 to obtain the data and signaling transmitted by subscriber station
120. The data may be provided to a data sink 1042, and the signaling may be provided
to a controller/processor 1030.

[0079] Controllers/processors 1030 and 1070 may direct the operation at base
station 110 and subscriber station 120, respectively. Controller/processor 1030 may
perform or direct process 800 in FIG. 8 and/or other processes for the techniques
described herein. Controller/processor 1070 may perform or direct process 600 in FIG.

6 and/or other processes for the techniques described herein. Memories 1032 and 1072

may store data and program codes for base station 110 and subscriber station 120,
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Menories 1032 and 1072 may store data and program
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processor, digital signal processor (DSP), an
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PEERTS PrOSCHer & Heitad s&ﬁé PEQCEWPE)QS , an application speci 1c 1ntegrated

circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.
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M croprocessors, one Oor nore mcroprocessors in

con unct| on wth a DSP core, or any other such
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B 9%%[1(1:1%1 -purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.



ternmed a conputer-readabl e medium For exanple, if the
software is transmtted froma website, server, or
W@rMwen12e6ot e source using a coaxi al cabl e, fiPREr/UspPN$/ES6486

cable, twisted pair, digital subscriber line (DSL), or
wi rel ess technol ogi es such as ipﬁrared, radi o, and

m crowave, then the coaxial cable, fiber optic cable,
twi sted pair, DSL, or wireless technol ogi es such as
infrared, radio, and m crowave are included in the
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plaRrAples lﬁQV@hfeﬂhléessfb$ql¢$dbﬁre§bope of the disclosure.
Thus, the disclosure is not intended to be limted to
t he exanpl es and desi gns described herein but is to be
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WHAT IS CLAIMED | S: CLAIMS 1. An apparatus for wrel ess
communi cation, conprising: at |east one processor
configured to determ ne at | east one vector of
nmodul ation synbols to send by a subscriber station in
at |l east one tile for a signaling val ue, one vector of
nodul ati on synbols in each tile, the vector of
nodul ati on synbols for each tile being orthogonal to
at | east one other vector of nodul ati on synbols usable
by at | east one other subscriber station in the tile,
to map the nodul ati on synbols in each of the at | east
one vector to nultiple subcarriers in a different one
of the at |east one tile, and to send the mapped
nodul ati on synbols in the at |east one tile to convey
t he signaling value; and a nmenory coupled to the at
| east one processor. 2. The apparatus of claim 1,
wherein the at | east one processor is



configured to determ ne three vectors of nodul ation
synbols to send in three tiles for the signaling

wo adose126v© map the nodul ati on synbol s i n each PET/Uk®08/056486

three vectors to nultiple subcarpiers in a different
one of the three tiles, and to send the nmapped

nodul ation synbols in the three tiles to convey the
signaling value. 3. The a r of claim2, wherein
the at | east one processo%ﬁ%i gured to sel ect
three vectors of nodul ati on synbol s usabl e by the
subscri ber station for acknow edgenent (ACK) as the

t hr eelvect dnsippiraiws ded wir¢loss copmolicativo, eanuising: t he

si gnal i,ng, val ue co and to sel ect three .
veet o 8 SRt ERRE RO ReS e FlhmPE b SlisudriiBdutation
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three vectors of nodul ation synbols to send if the
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to select the first set o
$1gaaimgomhlevemt or of m)dul ation synbols as the at |east

one vector of fl g s%nbol s to send if the
Si gnaf‘m‘?&l%lc?}ép L'EISHANARIRCCSIND t o sel ect the

second set of at Ieast one vector of nodul ati onsynbol s
as the at | east one vector of nodul ati on synbols to
send 2f th@hgl@paﬂamsgot}aﬂlmm donwhq:rséls the NAKca®s. omheprocessor s
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possi bl'e “signal i ng va ues ara us of claim
1, wherein each of the at | east one vector to send
conprjses eLght nodul a n synbol| s, . and wherein the at

| east Sone PPRORHIBILS § ﬁfnf ur WACTEE tRfp & higatti gy processor s
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to el ght subcarrl ers in a different one of the at
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symbols usable by the subscriber station for negative acknowledgement (NAK) as the

three vectors of modulation symbols to send if the signaling value comprises a NAK.

4. The apparatus of claim 1, wherein the at least one processor is
configured to determine a first set of at least one vector of modulation symbols usable
by the subscriber station for acknowledgement (ACK), to determine a second set of at
least one vector of modulation symbols usable by the subscriber station for negative
acknowledgement (NAK), to sclect the first set of at least one vector of modulation
symbols as the at least one vector of modulation symbols to send if the signaling value

comprises an ACK, and to select the second set of at least one vector of modulation



conprises 12 nodul ati on synbols, and wherein the at

| east one processor is configured to map the 12
worp@sligeron synbols in each of the at | east onRCT/ES1008/056486

to 12 subcarriers in a different3one of the at | east

one tile. 8. The apparatus of claim1, wherein the at

| east one processor is configured to map at | east one

@u s @gllélaﬂé.agtnorﬁ‘y\;&mr o?%cﬁlhfa'ti%ﬂ%&mB% t§ :séIRit igf .the_l_%i%naling value

carrier 1n each of the at least one tile
appensEs aNAK. cl aim 1, wherein the vector to send by
the subscriber station and the at | east one other
vector usable by the at | east one other subscriber
station i nTRaCsphiabR BF &1Lk awHERHP IRl 21 Bt one processor is
ort hogonal vectors. 10. The apparatus of claim1,
odrdizatad tohdetemiheslst signdingr vadles Siom among mhltjpleepbssible signaling
receive data via downlink resource to determn
IFE: R Pty PedRRLIN: BRESGLERS, b RBHCH IR o send from
wsﬁ%a Infultislade® B at hastsoms Gedtbebl Sicalula0Bn kgafdIsOfortthe multiple
downl i nk resources, and to select one of the nmultiple
BessDloyigralingaghies.one vect or of nodul ati on synbol s as
the at | east one vector of nodul ation synbols to send
based on the signaling value.11. The apparatus of
cl ai m6.10, Wheagiamtidef ehinl éasheroneaph of g0 icaktSone vector to send
configured to determ ne the at | east one ti|e based on :
PHBPTEHGINTBIMK moggfﬁﬂ% eymbpls, A “gﬁff‘é? asatoLea%ﬂ gignprocessor s
WhETRtY fohBafthd B8 mBARaREPSRAGAS il SadOSH thg Uk §hst Bne vector to
recetve signaling indicative of multiple sets of at
tightstuboaraensen b olrffatntromd wf dtei ad teastyamisdlls usabl e by t he
subscriber station, and to select one of the nmultiple
sets of at |east one vector of nodul ation synbols as
the ay | eaghe OHRMEECEHOEIaiRf 1 REERALd BN 0B RPN st $heSRBEr to send
based on the signaling value. 13. The apparatus of
edrapmacs 22 mgrkatasion sypdokst andewbercimrfbe pr lses pnemreasssor is configured
Foor?lf L Gdr I%dmg)&)ul%t%nasl I} l%aori]s ilnde%nlll Iof Ihg at Fe%gt (;nlg%egt%? i ?u%rcarriers in
Stath on ‘or " thannal™ riom T he signaling, an 0
datfesrent pae bhthermulchitne tiket s of at | east one vector of
nodul ati on synbol s usabl e by the subscriber station
based on the identifier. 14. A nmethod for wreless

conmugi cat N, I skng...det erm njn t. | t :
veotor of NRGPRATEL' SF Map S, SELRI Bl B3 o Grocessor is
sdrdiguedd tb magt atll@asdnegrit hiddelation spmbolgaat ieag ovabilet, subcarrier in

one vector of nodul ati on synbols in
cach of the at least one tile.

9. The apparatus of claim 1, wherein the vector to send by the subscriber
station and the at least one other vector usable by the at least one other subscriber

station in each tile are from a group of eight orthogonal vectors.

10. The apparatus of claim 1, wherein the at least one processor is
configured to receive data via downlink resources, to determine multiple sets of at least
one vector of modulation symbols usable by the subscriber station based on the
downlink resources, and to select one of the multiple sets of at least one vector of
modulation symbols as the at least one vector of modulation symbols to send based on

the signaling value.



each tile, the vector of nodul ation synbols for each
tile being orthogonal to at |east one other vector of
worewahgeron synbol s usabl e by at | east one ot hRET/US2008/056486
subscri ber station in the tile; 2damppi ng the nodul ati on
synbols in each of the at |east one vector to nmultiple
subcarriers in a different one of the at |east one
tile; and sendi ng the mapped nodul ati on synbols in the
at least one tile to convey the signaling value. 15.
The mét.hodTbé appaiamsldf okiuar éDn viheecidetherat lvastgomt processor is
| east one vect or of dul ati.on synbal s conpri ses
BFRMPAGITRINGdNS ¥ttt enilc ResRiiaa g Aowyoicsotrees-
send in three tiles for the signaling value, wherein
t he 2g£ping the nodul ati on synbol s conprises mapping '
t he ul athoreppyrbol of i daisadh whereine thehrag elegsé cor Proagssor is
nultiple subcarriers in ifferent.one of t hree
PR AR R i Fn Mol RRMGRRPSe] foiehi G vector of
mpahiatisn cATB1E 516518 B dhagibkfieberBpied, 4iadidl RidcObne of the multiple
synbols in the three tiles to convey the signaling
yAt 9€. ateleasthenareesier obf medulptinn symbplerasi thet e least one vector of
[0 e r . | atj.an synbol s
g@ﬁ%?ﬂ@@? séﬁgg?gﬁgg%%géét@%%gggéggkh%bdulation
synbol s usabl e by the subscriber station for
acknoy edgepent (ACK) as the three vectors of :
modul &t on 185 BBMETtS00 L SHM flEt egﬁﬂ@nféﬁi #gloos gae processor is
ﬁo&idf{%ﬁlkeﬁeﬁ) BBtafiCin iAOHirRe! BE AN QuiLAEE UMEGSPOHS aoéhannel from the

ation synbols usable by the subscriber station
signalmggand ve datdrnomd ddgemiimile (SNAK)T afs lqakieondivegor of modulation
vect grs nodul ati on synmbols to send if.the signaling
DRt Sl BB sk o b b RO HeBH At i mn 4
wherein the determ ning at | east one vector of
nmodul ati on synbol s conprises determ ning the signaling
val uel4.r omdanethed farlwirqh¢se cpasBinisiabonscgnarismg: val ues,
and d [ nin h t | east. one vectaor .of ul.at.ion .
oot L Sr T e e MR G PR BT, Sl TP F Dubscriver
Sthgorv BC htolcad fonButlel f@t 4 eignslyipdedise, fake do@r finiddall@ion symbols in

ga?c%ls"[{lg,ltﬁe gfl:c onraolflnchdu\l/aa‘:ilolfllesgﬁlbols for each tile being orthogonal to at least one
other vector of modulation symbols usable by at least one other subscriber station in the
tile;

mapping the modulation symbols in each of the at least one vector to multiple
subcarriers in a different one of the at least one tile; and

sending the mapped modulation symbols in the at least one tile to convey the

signaling value.

15. The method of claim 14, wherein the determining at least one vector of
modulation symbols comprises determining three vectors of modulation symbols to
send in three tiles for the signaling value, wherein the mapping the modulation symbols
comprises mapping the modulation symbols in each of the three vectors to multiple
subcarriers in a different one of the three tiles, and wherein the sending the mapped
modulation symbols comprises sending the mapped modulation symbols in the three

tiles to convey the signaling value.



18. The nethod of claim 14, further conprising:

recei ving data via downlink resources; and determ ning
worenosiipdess set s of at | east one vector of nodul BET/UR2008/056486

synbol s usabl e by the subscribep5stati on based on the

downl i nk resources, and wherein the determ ning at

| east one vector of nodul ati on synbols conprises

selecting one of the nultiple sets of at |east one

vector of nodul ation synbols as the at | east one

veCt ot6.of Wheuhethodfssiaioolls, twhes@ndhbaktdmamng hbree vectors of

al.ing value. 19. The nethod of claim 14, further

P%?g@nmﬂ%gg?WWﬁé signaling indicative of nultiple

set S i |tﬁf%§tve@t@)§‘s Yembhlalbn @ﬂ%l@h&@cﬂe %y’m@b?oscnber station
usabl e by ? he subscri ber station, d wherein the
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ri se selectin the nultiple sets of at
PRI Ao BaEEhOR ACBM | on symbol s as the at I east
one Vegéding thredBatiodd dOMogYIAHEN SyrhBols @BsblOBS ke Qiibstiber station
si gnal ing val ue. 20. An aratus for wrel ess )
Bxﬁrﬁﬁgﬁﬁn@a@qk@ﬁwle@gwﬁﬁms@{@% Ak iesthresr vagtare ofinidyéptign symbols to
synbols to send by a
ii?ggg?Xﬁ%%%ﬂ%%&? ﬂgg?eé@?'one tile for a
S|gnaI|ng val ue, one vector of nmodul ation synbols in
each tile, _the vect | at.iopn synbol s for each
tile béingT The pﬁ&@& cl %181 ﬂzf’ Whsigh U dotemana A et Opg vector of
FRdHl A5 Qi IE,1&§able by at |east one ot her
subscrlber statlo In the tile; nmeans for mapping the
rmdul de¢teromniggrtho bignalmgewatie frbmtdmn@tmhblalﬁ poridlevagiabing values,
mul tiple subcarriers in a different one of the at
Wghst one tile; and neans for sending the nmapped

nmodul @dtb@iinmyNROLSIch§t dnb Qfeétbr beaRduRién Ts*rh@ol& Qo S&IVRYm among
the signaling value. 21. auﬁgratus of claim20

Whiéinde sets ted airdeass ohorveder @f Ll ioatsymbely fasrthe vedtiple possible

? nﬂpdu%ﬁtlon symbol s conprises nmeans for determ ning
ectors of nodul ation synbols to send in three

tlles for the signaling value, wherein the neans for

mappi ng the nmodul ation synbol s conprises nmeans for

nappi hg t héheathodiof 6lsimay oloriaes spragsieof the three

vecto&gmk Fﬂ#h;hghggﬁﬁ ﬁ%S&E%ﬁah@ a different one of

the three erern e nmeans for sending the
mappedetamduingtmunpleweBalf at least one vector of modulation symbols usable by

the subscriber station based on the downlink resources, and
wherein the determining at least one vector of modulation symbols comprises
selecting one of the multiple sets of at least one vector of modulation symbols as the at

least one vector of modulation symbols to send based on the signaling value.

19. The method of claim 14, further comprising:

receiving signaling indicative of multiple sets of at least one vector of
modulation symbols usable by the subscriber station, and

wherein the determining at least one vector of modulation symbols comprises
selecting one of the multiple sets of at least one vector of modulation symbols as the at

least one vector of modulation symbols to send based on the signaling value.



conpri ses nmeans for sending the mapped nodul ati on
synbols in the three tiles to convey the signaling

W@ 2008812622. The apparatus of claim 21, wherei nPETIES2008/056486

nmeans for determning three vectérs of nodul ation

synbol s conprises neans for selecting three vectors of

nmodul ation synbol s usabl e by the subscriber station

for agknowhgdapIBAL AR &3 phMurdiliiBR R of

modul at'i on syggols to seng%ip the Q#bnh ?ﬁg val ue

conpr imsass fon déCkninamy ainfeast onf orectoe o€ atddutptivhsgmbols to send by a

vectars of. modul ati on sy. | s usahle by the subscri.ber )
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SHESEs MEGCR i%e, Phe VRREBH At R S6AROMBols FoS&RA tild bdiRE orthogonal to
signaling value conprises a NAK " 23. The apparatus of '
efl ladsnono othgh eeedinof inedwletens syinaloltusadlabniinlgasitont ethst subscriber
§Q§]¥F%hoplof nodul ati on synbol s conprises neans for

AV TR HS t he signaling value fromanong nultiple

possi klegnssfog Adlpping th@hiddlatiam yrRBs1S irf edchdg e 5 1048Gne vector to
the at | east one vector of nodul ation synbols to send

mubinlasded i ipjapglibersat anegil the at|leagsencyile: apdct or  of
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canpy itlsd digralingaalscf or recei ving data via downlink

resources; and neans for determning multiple sets of

at | east one vector of nodulation synbols usable by

the supscrirhe ﬁpﬁgﬁhé 8P chased, Ahet iR tloMRLANMbr determining at least
resources, and erein the neans for determ ning at

b stctonel medulation Symbels|catriposessywiol ©r cletgpminses threansctors of
for, selectin ne qf the | t.iple sets of at |east  one

GRgu RSBt ng o LYK erdhe pER e el waRET 8 Heans for
Mﬁﬁﬁnﬁ? ot mRdulabh WYnHBPRbmptisss alkdnPase Qn@%iﬂé" €he modulation
signaling val ue. 25 The apparatus of claim 20,

syumbdiein eenhpel Hicrifreemeaioss fomuttadeisvboatyiass gnaldifigrent one of the
Lndi cative of . mul tipl f .| t_one.v r..of
et SRy s s Rl 5P onBing BT IR FLHGHS symbols
actilpiivee raddns oL seRANS tho magpéd middulatign adynl@@sSin @ethree tiles to

vect or  of npdul ati on synbol s
convey the signaling value.

22. The apparatus of claim 21, wherein the means for determining three
vectors of modulation symbols comprises

means for selecting three vectors of modulation symbols usable by the
subscriber station for acknowledgement (ACK) as the three vectors of modulation
symbols to send if the signaling value comprises an ACK, and

means for selecting three vectors of modulation symbols usable by the
subscriber station for negative acknowledgement (NAK) as the three vectors of

modulation symbols to send if the signaling value comprises a NAK.

23. The apparatus of claim 20, wherein the means for determining at least
one vector of modulation symbols comprises
means for determining the signaling value from among multiple possible

signaling values, and



conprises neans for selecting one of the nultiple sets
of at | east one vector of nodul ation synbols as the at

WO e@sti1wne vector of nodul ation synbol s to seneCHEHSMAS/056486

on the signaling value. 26. A c@fputer program

product, conprising: a conputer-readabl e nmedi um

conprising: code for causing at |east one conputer to
deter Eﬁﬁ% v | qt

send Ql% g%bds? Cri el?é]g%ea?t?fg%tlc% at ea(gtrh%ﬂle&ﬁogn?ooqsom send
frosii egmaig mgltl\ph:l ae6s, ofoat deaseaicovectdr afoahduddtioosyspolsdbsthermultiple
each ti.le,. the vector of nodul ati on synbols for each
P?$gﬂ%%gﬁﬁm8 WS$onal to at |east one other vector of

nodul ati on synbol s usable by at | east one other

subscri ber station in the tile; code for causing at

| east 2%ne Eb@@@@eﬁu&@Rﬁaprﬂhémﬁnmgom@n@ngsynbols in

each of t 4 one r to nuLtlfle

subcalFi'&r Sr rer?e%m& ey rﬂiPWBr%‘gk orothe> &88% | east one

tile; mansh fopdeeinfiningakigtip@ stR&f at ch@d8¢ vener sfandiflfion symbols
to send the aved nodul ation synbols in the at |east

Bisbla by Be sebseupsiptiondasadgmahe Agwilakussaurcesang
CoMpuL &L .Rf @Eﬁn@ rf§9‘ HS&?ﬁr 2 [TZ e WIELE! 'o? éﬁcﬁiﬁlatm symbols

conputerreadab I um er conpri ses:

canpiiseg ks afor | ehsting e cofivpist emlttp])e ctetseoffmn deashoae vector of
vect or.s of dul t|on s nbols to se in three tiles
Porulerien symbRlp ahgea gt { ptorstargH 41199 Aok tojsgad pased on
R&iApyiALe to map the nodul ation synbols in each of

the three vectors to nultiple subcarriers in a

different one of the three tiles; and code for causi ng

th | dth
nngu?géigﬁ%é9one qﬁﬁﬂﬁﬁél(hﬁ§§Q¥F?@§n§% convey t he

si gnahofits 6@ tdé8ivindSsignkllit g GRITRMTE lof RIudGS18 3P bP guehst 8he vector of
claim 27, wherein the conputerreadabl e medi um further

@@dplﬂtlgleymh@@esabtﬁrbydéasmhﬁsgrlbﬁﬁétaélpm agst one conput er
to sel WhSkeit HeG8eaS PP tdéter%mp L{I a%s'(‘gones ICT{%? | ?nﬁj '&a&%tlgn symbols

by t hd €0 scr er’s on

tdiepiidek efecang cloprseleofingmumy| &t tmnnﬁlyttmelsetst @f semehst onk hector of
S|gnallng val ue conprises an
ulation Symbols as the at least one vector of modulation symbols to send based on

the signaling value.

26. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to determine at least one vector of
modulation symbols to send by a subscriber station in at least one tile for a signaling
value, one vector of modulation symbols in each tile, the vector of modulation symbols
for each tile being orthogonal to at least one other vector of modulation symbols usable
by at least one other subscriber station in the tile;
code for causing at least one computer to map the modulation symbols in
cach of the at least one vector to multiple subcarriers in a different one of the at least
one tile; and
code for causing the at least one computer to send the mapped

modulation symbols in the at least one tile to convey the signaling value.
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modulation symbols usable by the subscriber station for negative acknowledgement
(NAK) as the three vectors of modulation symbols to send if the signaling value

comprises a NAK.

29. The computer program product of claim 26, wherein the computer-
readable medium further comprises:
code for causing the at least one computer to determine the signaling
value from among multiple possible signaling values, and
code for causing the at least one computer to determine the at least one
vector of modulation symbols to send from among multiple sets of at least one vector of

modulation symbols for the multiple possible signaling values.

30.  An apparatus for wireless communication, comprising:
at least one processor configured to obtain at least one vector of received

symbols from at least one tile, to process the at least one vector of received symbols to
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subscriber station in the three tiles.

34. The apparatus of claim 33, wherein for each subscriber station the at
least one processor is configured to correlate the three vectors of received symbols with
three vectors of modulation symbols usable by the subscriber station for
acknowledgement (ACK) to obtain a first value, to correlate the three vectors of
received symbols with three vectors of modulation symbols usable by the subscriber
station for negative acknowledgement (NAK) to obtain a second value, and to
determine whether an ACK or a NAK was sent by the subscriber station based on the

first and second values.
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38. The method of claim 37, wherein the obtaining at least one vector of
received symbols comprises obtaining three vectors of received symbols from three
tiles, wherein the processing the at least one vector of received symbols comprises
processing the three vectors of received symbols to determine a set of three vectors of
modulation symbols sent by each of the multiple subscriber stations in the three tiles,
and wherein the determining a signaling value comprises determining the signaling
value sent by each of the multiple subscriber stations based on the set of three vectors of
modulation symbols determined to have been sent by the subscriber station in the three

tiles.

39.  The method of claim 38, wherein the processing the three vectors of

received symbols comprises, for each subscriber station
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correlating the three vectors of received symbols with three vectors of
modulation symbols usable by the subscriber station for acknowledgement (ACK) to
obtain a first value,

correlating the three vectors of received symbols with three vectors of
modulation symbols usable by the subscriber station for negative acknowledgement
(NAK) to obtain a second value, and

determining whether an ACK or a NAK was sent by the subscriber station based

on the first and second values.

40. The method of claim 37, wherein the processing the at least one vector of
received symbols comprises, for each subscriber station

correlating the at least one vector of received symbols with each of multiple sets
of at least one vector of modulation symbols usable by the subscriber station for
multiple possible signaling values, and

determining the signaling value sent by the subscriber station based on

correlation results for the multiple sets of at least one vector of modulation symbols.



