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FRCRUMERIL uBers 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 terminals. Each base station may
transmit data and signaling to terminals served by that base station. Each terminal may
also transmit data and signaling to its serving base station. It may be desirable for a
transmitter to transmit signaling such that it can be reliably received by an intended
receiver. This may be achieved by encoding and/or repeating the signaling and
transmitting the encoded and/or repeated signaling on radio resources allocated for the
signaling. Transmitting signaling in this manner may improve detection performance.

However, there may be certain instances in which the radio resources allocated for the



error. [0005] There is therefore a need in the art for
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may then map each set of output synbol
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onpl enentary despreading to recover one
%ﬁ?g% Pﬁﬁ%llng synbol s of interest. [0008] Various

Fﬁmfe}lsj E ts ﬁg?ﬁ%ﬁelt@[?%sfg%a ahndnhieting¢ k@Sdmaltpl EsifeskkispBols (which
may be intended for different receivers) with multiple gains determined based on the
transmit power for these signaling symbols. The transmitter may scramble each scaled
signaling symbol with a respective scrambling sequence to obtain multiple scrambled
symbols for that signaling symbol. The transmitter may form multiple sets of scrambled
symbols, with each set including one scrambled symbol for each of the multiple
signaling symbols. The transmitter may spread each set of scrambled symbols with a
spreading matrix to obtain a corresponding set of output symbols. The transmitter may
then map each set of output symbols to a respective time frequency block. A receiver
may perform the complementary despreading to recover one or more signaling symbols
of interest.

[0008] Various aspects and features of the disclosure are described in further detail

below.



bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1
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DETAILED DESCRIPTION

[0022] FIG. 1 shows a wireless communication system 100 with multiple base
stations 110 and multiple terminals 120. A base station is a station that communicates
with the terminals. A base station may also be referred to as an access point, a Node B,
an evolved Node B, etc. Each base station 110 provides communication coverage for a
particular geographic area 102. The term “cell” can refer to a base station and/or its
coverage area depending on the context in which the term is used. To improve system
capacity, a base station coverage arca may be partitioned into multiple smaller areas,
e.g., three smaller areas 104a, 104b and 104c. Each smaller area may be served by a
respective base station subsystem. The term “sector” can refer to the smallest coverage
arca of a base station and/or the subsystem serving this coverage area.

[0023] Terminals 120 may be dispersed throughout the system, and each terminal

may be stationary or mobile. A terminal may also be referred to as an access terminal, a
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this coverage area. [0023] Term nals 120 nay be
waele@pesded t hroughout the system and each terPdTEE200EHY78078
be stationary or nobile. A termnal may al so be
referred to as an access ternynal, anobile station, a
user equi pnent, a subscriber unit, a station, etc. A
t er m nal nay be a cellul ar phone a personal di gi tal
i sta S el.es nDde
OB A B s oy R o ip Jlbh G AR mey ve o
B & PRBHE) | aCt dl.lgltZlQ{sﬁstaﬂﬂ’(?Dﬁgr a Rdtdldspldevib@sewireless modem,
stations on the forward and/or reverse link at any

gihgedhokbdeyiee. aTlgtaposaraRwen itk Qoterradanman ipmiasa¢aie math zero,
A SF ST G L SRAREREGELSAL RS, LRy momen:.

‘lrhce fmmmmmlcafrldowmmln)hefdmm thh eometumdaabls link fiohethddmee stations
‘user" are used

ions. The terns " nal "
@@ ﬁ@‘ﬁg%% £pd );hﬁhwgliSﬁ ?mFI é@rzgﬂlm%ﬂ Efes dpy rt'lileq(i%%mumcatlon link from
ﬁl%s &R RETEE NbdTRY stforldS € arHeOfeMAr | @Hﬁlnm”r &hE S%S%MA are used

conmuni cati on systens such as
amddﬁmgamm%h@ysmens A CDVA systen1ut|I|zes code
m.ssi on

FoBP o PR SRR oo JREen “RAoR Gyar doh vohous wircles

EdrhmuAREtdH FRst&thy sSdoBs MBNIAP I TaxUIng f(ﬂm@ @roveengdd SC-FDMA
transm ssions in different tine slots. FDIVA Séstem

msrqmszeg\f@@werwgtem. vtlﬂsae@rpoldgldlv@oexmnglp(lmg (GRN) and sends

BENIRSIORI I IBHRTR Phalblel SOR5H 2 dREAA SR e R ivision

IZzes or 0 ona uency VI SIon

o PWxing@ D% aﬁa:s&ia&/l&aﬁsffﬁfcsaﬁmyml dlffZl%ﬁt 1918 glo@— Cz&ﬂi FDMA system
frequency division nultlplexbag CFEDM) . OFDM a
wizepNr eyt digsiamaulipiedng i Apdnsendy Haﬁ&ﬂnﬁslm%on different

AL AORANak HEAAATLALSS o Balaﬁ&lu%ép% SRIS HEfpl QiR OFDM),

tones ins, etc ach subcarrier
md hin a-tBDMA sgeere raidlizedraidglle adatrom fB@AﬂﬁOJySdl&fSEDSIﬁDItipilﬂXing (SC-

KPER: <OPBRRANRE TR Rirttes iy Sam bl G dberphIPe orthogonal
WHcERES WVIRRUR GRE I ORM3Y S %oh&atblﬁ’st idhd Z&48h subcarrier may be
conbi nation of multiplexing schemés, é.g., CDVA and

oeDMated rwiGFDHMh.a bd gSCrHDpddateon ﬁmmbocht amsmyc ingles fraqmncy domain

SBREDCind Bn EERDT oA GTI A T Rchretier By o be used

Y RAE &S @Bmhﬁﬁldaﬁglh By seRHRSthad @il ek a%ﬁmvhbb Q€ niuMigletiad behemes,
for a systemi g@lenent|ng Utra Mbile Broadband (U

¢-8dPNMAcd S ae9EPMeard Ph-HeHpotc CFgpolartyp oartam aspegts of the
%%glue dare P&%ég'lll e%l bé‘lg‘xeforf Orsys%r}l rlﬁlhl\z/gl%' b%D% ooehd Bl%nflorward link.

Certain aspects of the techmques are also described in detail for a system implementing
Ultra Mobile Broadband (UMB) radio technology described in 3GPP2 C.S0084-001-0,
entitled “Physical Layer for Ultra Mobile Broadband (UMB) Air Interface
Specification,” dated May 18, 2007, which is publicly available.

[0025] The techniques described herein may also be used for various types of
signaling. For example, the techniques may be used for acknowledgments (ACKs) and
negative acknowledgment (NAKSs) for packets, power control commands, etc. For
clarity, certain aspects of the techniques are described below for ACK/NAK signaling.
[0026] FIG. 2 shows a design of a transmission structure 200 that may be used for

the forward link. The transmission timeline may be partitioned into frames, which may



Specification," dated May 18, 2007, which is publicly
avai | abl e. [0025] The techni ques descri bed herein may
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complex value. Pilot is data that this known a priori by both a transmitter and a
receiver.

[0029] One or more signaling channels may be defined and may be allocated a
sufficient number of tiles. For example, a Forward Link Control Segment (FLCS) may
be defined and may comprise a number of signaling/control channels such as a Forward
Acknowledgement Channel (F-ACKCH). The FLCS may be allocated tiles distributed

across time and frequency in order to achieve diversity. Different control channels may



synbols. As used herein, a data synbol is a synbol for

traffic data, a signaling synbol is a synbol for
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[0034] FIG. 3 shows a design of transmission of a vector of four ACK bits, which
may be for four different users or for four packets from one or more users. In this
design, the four ACK bits may be spread with a 12 x4 spreading matrix to obtain 12
output symbols, which may be sent on 12 resource units. In the design shown in FIG. 3,
the first four output symbols may be send on four resource units in a first tile, the
second four output symbols may be sent in a second tile, and the last four output
symbols may be sent in a third tile. Each ACK bit may then be sent across 12 resource
units and may thus be less prone to performance degradation due to intra-tile

interference variations.
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(LS), or sone other techniques. In a highly o
sigedingrivybels| iB orday do pntgnte perfoimeacs degradation dus fp ¢qyalization loss
pons: t N g S foe o
SRR SImETORERe Mok SR | Tl WBHEE HENBrBling 5 bosgd on o
ypréadipy eddii:n gompbdsddxof Jinalder| iasatibfe matrivogoral oreydaxiyn, a QxL
result in performnce
overall spreading matrix S may be formed by concatenating M smaller LxL base

spreading matrices. M sets of output symbols may be obtained with the M base
spreading matrices and may be sent on M different tiles.

[0038] In one design, a single type of base spreading matrix is used, and the overall
spreading matrix S is composed of M copies of this base spreading matrix. The base
spreading matrix may be a discrete Fourier transform (DFT) matrix, a Walsh matrix
(which is also referred to as a Hadamard matrix), a unitary matrix, etc. In another
design, the overall spreading matrix S may be composed of different types of base

spreading matrix. For example, L signaling symbols may be spread with a DFT matrix



degradation even wth equalization. [0037] In an

aspect, nultiple signaling synbols may be spread to
w@orbas1lint erf erence vari ations. The spreadi ngPCEYS1967/078078

| ocalized to each tile used to send the signaling

synbols in order to mtigate gerfornmance degradation

due to equalization loss and to sinplify receiver

processing. I n one design, the spreading i's based on a

S nposed of nvert

R F AL Bnf RS, AboGBERERE 1 TR FRhel 1Y gheciiaggvith @ Walsh

matd adSchiiy aasthtotilged by concatenating Msnaller L x

L base spreading nmatrices. Msets of output synbols

B39 e ddmidbbawipdasienef we%l% tEnpaEgion §ViteloFslized spiseding for

fd; 0, %5 erR eb s yise T el S pi ek g i A1 pprovided to M
%?‘gﬁersaﬁﬂ)att glifﬁ!ic%' Wil ead &gro{é@tartfa?ﬁs&ses_]iﬁgngg‘éﬁfer 410 may

copi es of St hi s base spreadi ng matr
sipeahidic ngsipmtmigsy mbylsbeitlaa despectbleebabospreading matrs 8 and provide
(DFT) matrix, a Walsh matrix (which is also referred
p yeeier of Lpeaneyambelt oo Z.a u it hryvhest pisil et M| rT he L output
anot he desrg @r dgerall reading matri x .S .may

3 Bmo?ac PPTEadeE &% 194015 é‘éLsrB%Oé‘é“cﬁ lﬁﬁtsﬁ%ﬁrr?%?ecme tile.

| l.ing o] r h

B SRR syt ey rh%nzéié?re%@ﬁ? [RQuEBNERY MR, Each
sipgaialg manisot niney bemgyredae asmsead ravotiftcaung| @h cacht tilex based on a
and sent in aqpther tile. ﬁ? FIG 4 shows a design
Hread R sndr Ry ePAS ﬁrg%lr%ﬁqsyrrho qréba{ltile ed spreading for

til gna YA ,
A e B T e o R AR . P nene
410m where " " denotes a transpose. Each spreader 410
may spread| She L signaling synbols with a respective

base r a § matri x Sm and provide a vector of L

out pu F a,ZzZm=[ZIn ... ZLm] t , where m{1, Eq (1)
- 3. L out put synbol s fromeach spreader 410

nay b p gd to L resource units in a respective

tile. [PAChLSY nal i ng symbol may thus be sent on ML
resource units in Mtiles. Each signaling synbol may

RBeRPSSAY ACTQSS, M T @SAMDLER ¢ ?raaaﬁlglrﬂatﬁacfa ik e ah@sed
on a spreadlng sequence for the signaling synbol for

that g} foe.m EQQAQ] MThs theeash of@ufpar syrhieoly &g ttide mof L
signaling synbols may be expressed as: a Eq (1) where

ﬁﬂ}hgf mm 'l{ah‘rl;:&)ase spreaMiI}g hStrxGr DRAGIIS Wrﬁ%%@g uﬂi%& ¥atdiQ having the

following property:
S, 87 =87s,=1, Eq (2)

where “” denotes a conjugate transpose and I is an identity matrix. Equation (2)
indicates that the columns of the base spreading matrix are orthogonal to one another,
and each column has unit power.

[0042] The spreading for each tile m may be expressed as:

z, =S _a, for me{l,.., M}. Eq (3)

m m

[0043] Equation (3) may be expanded as follows:



zmfor m{1, ..., M} is the vector of output synbols
for tile m [0041] The base spreading matrix for each

wa 2dog/osmimey be a unitary matrix having the fol POIUSIY07/078078
property: s s =s s =i , Eq (2) where " H" denotes a
conjugate transpose and | is gn identity matrix.
Equation (2) indicates that the colums of the base
spreading matrix are orthogonal to one another, and

each :%I g;; g,nit po:gr. /gc42] The spreading for
each tfle enexXpr esse Doz Sma , for m{1,
Wz}, Eq £.3) 1500431 Eparign (3) may be expanded as

fol | ols; ™|l m™12m - Ll Lm 22t 21lm 22m 2Lm A, Eq (4) |  Eq()
"LIm L2 UL A where A, foff “{l, ..., L} is the /-th
signal £pg| s [ Sj.n vectSl[m A-|> mis the element in

the k-th row and /-th columm of spreading matrix Sm

and Z n for {1, ..., L} is an output synbol for the

whtie Hefoourec, uniLt} 1@fthd£ thesignalin@ @ddpolMh tvhctbog,al i zed
spreadi ng, a receiver may obtain L despread synbols

for edgh it theeldnyent nvihe kithgow hed bals eolapmeddpregding twatixx S,,, and
for that tile. The despread synbols are initial

est i n#f,efor dfe tihe, §ijgnahiongpus yymad] $or tho k-tle asbuise gnalbf tilg m.
synbol, M despread synbol s may be obtained from M

EUOI4§F arWHH %Uﬂlﬁ@fjs&} hefref | hﬁ? ob&d} L 'a%p?eegif sylftis for each

signal i ng synbol ernately, the recelver
pertfyonvnergog tiei beat spoeqding gatrixtias tdt tle. BEespreddSiynibols are initial

TR, Mo RS ABRES off ST DA ST R W eTetd symbols

ﬁﬁ? lﬂ)etdblta@nddnﬁ&ﬁé}\q t0ds A Qesbidd toMbkdih @ FinaHeRmeute bNhat signaling
equal i zation | oss may be smaller with |ocalized

sypnlecddiAdéprateln, therreediecrgagepétiormhi@hlizdtons p{ge ehﬂlﬁfrdgom $MSE or

per oISnt 1;h?sI Ica M %ﬂel l%s O 45&:1r1?ahza 1?]1%3 Sagz V\és d %entgon ‘t:he amount of
reception o S|gna |ng S€e "Sca spread

ElQihnela&haﬁd)ﬂsamtbﬁn\éeﬁ{ Bl ifdtedd dfeerisy el Mﬁ[ﬁ@mﬁ?&ncé T’(he—equahzaﬂon
le may be obtained fromeach tile used

S B8 dPetSH@HEr ‘é’}ﬂ@ ol I?F‘gi PysrgBIesthanfor deesare in wpiphdhe spreading is

across all M tiles.

[0045] FIG. 5 shows a design of reception of signaling sent with localized
spreading for cach tile. A vector of L received symbols, r, =[R,, ... R, 1", may be
obtained from ecach tile used to send the L signaling symbols. M received symbol
vectors r; through ry may be obtained from the M tiles and provided to M despreaders
510a through 510m, respectively. Each despreader 510 may despread its received
symbol vector r,, based on a respective base spreading matrix S,, and provide a vector
b,, of L despread symbols. A combiner 520 may receive M despread symbol vectors b,
through by from despreaders 510a through 510m, respectively. Combiner 520 may
scale and combine these M despread symbol vectors to obtain a vector of L signaling
symbol estimates, 4 =[4, ... 4,]".

[0046] The despreading for each tile m may be expressed as:
b =S'r , Eq (5)

where S ' is a despreading matrix for tile 7, which is the inverse of S,..



vectors through M may be obtained fromthe Mtiles and
provided to M despreaders 510a through 510m

w0 e®pestiivel y. Each despreader 510 nay despr eablCT/US2007/078078
recei ved synbol vector rm based on a respective base
spreading matrix S and providg a vector bmof L
despread synbols. A conbiner 520 may receive M
despread synbol vectors b i through bMfrom

eaders 510a thrpu 510m. respectively nbi ner
B3 ey “ThrE o e e Rk SRP SR g FoBRMARE symbols
YRE Y thet Gaipiiabn) aThéerdkliveOinay Slegn@iford SowpRAlling for a given
estimates, a =[ 1 ... AL]t . [0046] The despreadi ng
signalegohmbil 4, for neop the meapfatlosed as: where S is a
despreading matrix for tile m which is the inverse of
Sm [ 0047] The receiver y_-be interested in only a
subset of the L signali n%m ynbol s sent by the
transnmitter. The receiVver, may then perform despreading
for aBgi véH,siSgnal.ifig.lsynbol. A1, for each tile m as  Eq(6)
follows: Btm- [SUn Sl11n-..|. SUM Eq (6) where RL n is
the k-th received synbalRjn vector rm Sk 'tmis the
element in the mth row and /-th columm of despreading
matrix S 1, and Bln is the |-th despread synbol in
whetteorR, b is thedith hedes/etl kpmbelspiveatdr synbol fromtile m
for signaling synmbol Al. [0048] The receiver nay
per f oy, sSythbelcneaminhi thi pgthaomossl A-thecodMnn bdespading matrix S ', and
signaling synmbol Al as follows: M= Wn Bln , Eq (7)

e\ heiehWenh dsspreadelygibbl inGfectol bg, WhikRis Bt dBprdaaGymbol from
synbol Al, and Al is a final estimate of signaling

synbol Al (i[.0048RsighEn e85l AN for each tile may be
det erm ned based on the Teceived signal quality for

tilg, of=] ' I ' - if S
981 &) i SRS HE LR B IR OB G tenting
Mprso1 Ve L @RIIoNBY be given to despread symbols from

tiles with higher received signal quality.

Alternatively, the sane weight may be applied to the

despr ead ols fromall Mtiles.
Prepd Yihok Eq(7)
m=1

Im °

where W, 1isa weight for tile m for signaling symbol 4,, and

2[[ is a final estimate of signaling symbol 4,.

[0049] The weight W, for each tile may be determined based on the received

signal quality for that tile. Received signal quality may be quantified by a signal-to-
noise ratio (SNR) or some other measure. More weight may be given to despread
symbols from tiles with higher received signal quality. Alternatively, the same weight
may be applied to the despread symbols from all M tiles.

[0050] FIG. 6 shows a block diagram of a design of a transmit (TX) signaling
processor 600 for sending ACK signaling with localized spreading. In this design, four
ACK symbols may be spread and sent in three tiles, with the spreading being localized
to each tile.

[0051] In one design, an ACK symbol may have one of four possible values, which

may be given as:



[0050] FIG 6 shows a block diagramof a design of a

transmt (TX) signaling processor 600 for sending ACK
wGar@sasiing with | ocalized spreading. In this desI/gs2007/078078

four ACK synbols nay be spread and sent in three

tiles, with the spreading beifg | ocalized to each

tile. [0051] In one design, an ACK synbol may have one

of four possible val ues, which may be given as: A =

val lue of | e of O may correspond to

a NAK, vvth:h ma%f/)rb‘éé&aﬁ u?cﬂ?(g packet decoded in

error. An A@ngﬁhusCKfvmuﬁay I ndi cate a packet decoded

correch 9] @E leqlelori}f%nm a user to keep the Eq (8)

current resource assi gnme ACK val ue of 2 may

i ndi cat e la¢’packér H€Koseldecbriect!y and may further

informthe user to relinquish the current resource

assj gnme An ACK val ue of 3 may informthe yser to
RarA SR ALK of RamirorEnpokR LN oK. adishgnme he senpdprggpacket decoded

7Y | A@X@i §8ug’ %f qi%dynﬁ&ctaQ apﬁééﬁeto&%o@%dt {] Y S84 PAa?z further

val ues (e.g., based on sone er sets of
pdersi bh@r\ttakwsthe [zlﬁlﬁﬁlz]fesAulse absigrgnanmti Anﬁdl(OKrvayleroé Cemapeindicate

QRO epdelainameiy, A8 STHaUTHE ENPe BNt doueg By curent
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a suitable gain to achieve a desired SNR for the ACK '
@}Wﬁ@ﬁi assmmqnh gAn rzﬁ(EK(smbﬂlalyawl@Q b@l éeﬁlmgirtOsh@m ek @#dpo possible
s to f 12a through
RATG e R dAn 9,98 Posed op s T A PRSPV ST o
posanbl %séﬁlngmiteﬁow ﬁym@hn(ﬁﬁcalé/\ﬂhb modthK@K syrnbols The ACK
scranbl i n% ues Y10 , Yn and Yn froma scranblin
S

%’@Méhe@y rsel@tH@ diffesentiuserphiering Adiersytrasemeixies;og S ‘The ACK
gnfﬂ;oq rfSlnEacH ﬁlg?me QE%IQ‘S ?ﬁ%‘?ﬁ?‘ %‘o[); TRk a&ﬁ&%@h%sﬂgd SNR for

equences, ed on paraneters
BieotCIﬁsSymbNACSdaﬂ)ng mntt6he nusefrovide Se@tsotled RAOKyMbBEls 4 through
transmtting sector, etc. The scranbling nay be used
149 tolfdur scraniblaasd €12 thvakk of 2 megpeéthwetyent sectors to
different users with different MAC I Ds. Each scranbl er
AZ3 ey Hrxcbwedenlidr € soy atingde stgrdoalled ACKtdyne@l A, with three
spreaders 614a, 614b and 614c. [0054] Each spreader
&ctdmbimye vdoe Vg, flguands &7, afrbmed ssymblidgs sdqoendehfer tleuwser to which
ACK
ACK symbol A4, is sent. Different users may be assigned different scrambling

sequences, which may be generated based on parameters such as a MAC ID for the user,
a sector ID for the transmitting sector, etc. The scrambling may be used to differentiate
signals from different sectors to different users with different MAC IDs. Each
scrambler 612 may provide three scrambled symbols to three spreaders 614a, 614b and
614c.

[0054] Each spreader 614 may receive four scrambled symbols for the four ACK
symbols from four scramblers 612a through 612d. Each spreader 614 may spread its
four scrambled symbols with a spreading matrix (e.g., a 4 x4 DFT matrix) and provide
four output symbols. Spreaders 614a, 614b and 614¢ may provide their output symbols
to symbol-to-subcarrier mappers 616a, 616b and 616¢, respectively.



synbols from four scranblers 612a through 612d. Each
spreader 614 may spread its four scranbled synbols
wWOowRaR/0311spreadi ng matrix (e.g., a 4 x 4 DFT napCi/K$20aT1078078
provi de four output synbols. Spreaders 6l14a, 614b and
614c may provide their output;synbols to
synbol -t o-subcarri er mappers 616a, 616b and 616¢c,
respectively.[0055] Each mapper 616 nay map its four
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dn adyBERRA tifcl O apRy 6'1'”Gaprn|ay ﬁla@lﬁsﬁ)‘lﬁptﬁ W’I’ﬁ@d)@ td @letll hRpger 616b may
and map%;r 616¢c nay Its output srrbolstotlle .
MeD s putphesRbais e tle dr aq@rra%m)@é 6%@0 @Y MaAAH Otlmuésmlgplw tile 3.

@QFFSS@% i Fioke ik for F&h(tﬁ%@gg’%% ess[eéééls a 4

X 4 diagonal matrix with four gains along the diagonal

for the PNy @G@K synbols and zeros el sewhere, Y mis a Eq(9)
4 x 4 diagonal matrix with four scranbling val ues

al ong the diagonal for the four ACK synbols for tile

whe® ias-[al, 44,x 44 DFT ismatdrd Ixvacsedffarr APK esdibolg, f or one

tile, and zm=[ZOn Zln Zln Z n Yis a 4 x 1 vector of

out put '@yméloi% diggonl retrm withobut gdihe apmgctbs gliggypnhlofor the four

each ACK s ex sed as: m =DM Yln G1 Al
, for = y]_@)lga%(fﬁ stew 'S . Eq (10) where Gl

=Py, ii§at4h@t dbloBnARehtik >6V1ﬂ1 folr JCPﬁnEI Frni s aﬁ%%ﬁﬁe fidfonal for
ACK syrrbol Al, Jgfn IS a scranbling value for A

synbol Al fmrfomﬂA@Krﬁymle&fgrtﬂlqen elenent in the k-th

row apd /-th i is an
out pul g ot T PR w ST Bl or RS o5 e
uni t in iz e /m 100;58]#5@@84*%&&10&(; @t@ﬁh@&stﬁﬂ@ﬂem
ACK syfrbol Al rmy bescaled with gain to achi eve

the desired transm.t power for ACK synbol A . The
Ted Adk rsysepune fiyacthekKoymbhol énﬁnaé S RRPIRSSCH REe

scr anbl ing values to obtain three scranbl ed synbols.

Each ranBI g,d {sjyquol may L}ek spre% IQlymfo(yr §I ement s Eq(10)

in a cd&fr”urm“ofm he’ DFT rra rix Y&l i Four “out put
synbols to be sent in one tile for that scranbl ed

nbol A of 12 ut. nbol s. may b

FER Gy o™ A el e S TRt B oRs AR Sefpol 4.
four ACK synbol s nay be conbi ned as fol| ows: where Zkm
i s anYoulSpucranhipgvatus feASEntymel dhior filqynr esour ce

unit intile m ' '
D,, 1s the element in the A-th row and /-th column of DFT matrix D, and

Z,,, 1s an output symbol for ACK symbol 4, for the £-th resource unit in tile m.

[0058] Equation (10) indicates that ACK symbol 4, may be scaled with gain G, to
achieve the desired transmit power for ACK symbol 4,. The scaled ACK symbol may
then be scrambled with three scrambling values to obtain three scrambled symbols.
Each scrambled symbol may be spread by four elements in a column of the DFT matrix
to obtain four output symbols to be sent in one tile for that scrambled symbol. A total
of 12 output symbols may be obtained for ACK symbol 4,.

[0059] The output symbols for all four ACK symbols may be combined as follows:



[0060] FIG 7 shows a design of transmtting 12 out put

synbol s for four ACK synbols in three tiles. In this
waele®sgsiieach tile covers 16 subcarriers in 8 BgNDS1007/078078

periods. In each tile, 18 resource units are reserved

for pilot synbols, and the reppmining resource units

may be used to send other synbols. In one design, four

out put synbols Zom Z mare mapped to a cluster of

four adjacent resource units in tile m Sending the

f our thgggggynbols cl ose together in frequency and Eq (11)

time may in these output synbols observing | ess

channel variations, which may in turn result in |ess

| oss of orthogonallt . The out put synbol s may be
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resource units in other manners. [0061] FIG 8 shows a

Benskine calpuamuint symbels ghossftogetharciai fequersy) ard gimel nay result in
Q€ ?&r ygl%%gsaog)rsetgfﬁl%ﬁeys Jﬂllgn&ﬂ%a}ﬁét% évggléﬁrg%m%%ﬂesult in less

oca spr or ¢
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sbt#lslﬂﬁe? Hice wgogvyﬁ%g G fr ﬁmsmey %1}‘2‘%% %Ftt%rst%@& Hoaver sharing
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rec nbols fromt ur resour uni t
nlmhlpld: olustersdint tihe SAOK mirgofadyinmig! ipariodsemay $mltat1 gdo tmulch. transmit

eaders 2 812b and .812c obtai.n the
POt GO S HIBH Qo AU D e g o oiRd beipgavailable for
FRRREAE isyRbYls lﬁhﬁatfpw oA M RBbEs. MB e Qﬁt}ﬁi@rs%‘l@oléﬂ thél also be
four col ums of DFT matri x. Each despreader 812

mypqdﬁeme@gg}gn@a@lmthetfrn@nner%cel ved symbols with four

FOBFT Y kT o s SRS 8"y SBMER 3R o eriRe) signaing

Ploled¥at 80X fotSseckiviag NI athnAlifg Sontath Mal%d R@reading. For clarity,
recovered. A descranbler 814 may receive three

HEs gt shaws shanrotessiBpto ra@avermde BrCK spmbolebpr eader s 812a,

%ﬁ?l &YF}]PQ?{(}] ﬁ@gglg{e% %@gﬁpgm@{ ?TWP d%ﬁéc rna%r obtain received

it %ﬁmﬁb e ViRl W8ed® send! %@R@KYﬂgﬁﬂﬁlgA@éC§ WER@hper 810 may
, and provide three descranb
provide four received symbols from the four resource units used to send the ACK

signaling in the associated tile. Despreaders 812a, 812b and 812¢ may obtain the
received symbols from demappers 810a, 810b and 810c¢, respectively. The four ACK

symbols may be spread with four columns of the DFT matrix. Each despreader 812
may then despread its four received symbols with four elements in the /-th column of an
inverse DFT (IDFT) matrix, which corresponds to the /-th column of the DFT matrix
used to spread ACK symbol 4, being recovered. A descrambler 814 may receive three
despread symbols B,,, B, and B, from despreaders 812a, 812b and 812c,

respectively. Descrambler 814 may multiply the three despread symbols with the three



synbols. A conbiner 816 may scale the three
descranbl ed synbols with three weights derived for the

wao boos@3tiil es and may then conbine the three scRCBUS2007/078078

synbols, e.g., as shown in equation (7), to obtain an
ACK synbol estimate Al . The ygcei ver processing may
be repeated for each ACK synbol of interest. ACK
synbol Al nmay al so be recovered by per form ng
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[0064] The processing shown in FIGS. 6 and 8 may also be performed in other
manners or orders. For example, scrambling may be performed prior to spreading (as
shown in FIG. 6) or after spreading. The scaling may be performed first (as shown in
FIG. 6), or after scrambling, or at some other point. The scaling and/or scrambling may
also be omitted.

[0065] For clarity, the use of the techniques for ACK signaling has been described
above. The techniques may also be used for other types of signaling. For example, the
techniques may be used for power control commands, other-sector-interference (OSI)

indications, access grants, resource assignments, pilot quality indicators, start of packet

indications, reverse activity bits, etc.
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FIG 11 shoms a design of a process 1100 for
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Witht d:a@h&ses ghdudihg osrepsirara et odysmbodrfer 2&¢h of the multiple signaling
symbols (block 1116). The multiple sets of scrambled symbols may be spread (e.g.,
with a DFT matrix or a Walsh matrix) to obtain multiple sets of output symbols, one set
of output symbols for each set of scrambled symbols (block 1118). The multiple sets of
output symbols may be mapped to multiple time frequency blocks, one set of output
symbols to each time frequency block (block 1120). Each set of output symbols may be
mapped to a cluster of adjacent resource units in one time frequency block.

[0069] The processing in FIG. 11 may also be performed in other orders. Some of
the processing (e.g., the scaling and/or scrambling) may be omitted. Other processing

may also be performed on the signaling symbols.
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symbols from multiple time frequency blocks used to send multiple signaling symbols
with spreading (module 1412), means for despreading the multiple sets of received
symbols to obtain multiple despread symbols (module 1414), and means for deriving a
signaling symbol estimate for one of the multiple signaling symbols based on the
multiple despread symbols (module 1416).

[0073] FIG. 15 shows a design of a process 1500 for receiving signaling. Process
1500 may be performed by a receiver such as a terminal, etc. Multiple sets of received
symbols may be obtained from multiple time frequency blocks, one set of received
symbols from each time frequency block (block 1512). Each set of received symbols

may be despread based on a despreading matrix to obtain a despread symbol (block
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mﬁ%]ol el'*sltlr?iit §ho v&ps a %Iﬂockocfhaéth & OH thdeglgg of a base station 110 and a

terminal 120, which are one of the base stations and one of the terminals in FIG. 1. At
base station 110, a TX data and signaling processor 1710 may receive traffic data from a
data source (not shown) and/or signaling from a controller/processor 1740. Processor
1710 may process (¢.g., format, encode, interleave, and symbol map) the traffic data and
signaling and provide data and signaling symbols. Processor 1710 may also generate
pilot symbols. A modulator (MOD) 1720 may process the data, signaling and pilot
symbols (e.g., for OFDM) and provide output chips. A transmitter (TMTR) 1722 may
process (e.g., convert to analog, amplify, filter, and frequency upconvert) the output

chips and generate a forward link signal, which may be transmitted via an antenna 1724.
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processing shown in FIG. 4 or 6, process 900 in FIG. 9, process 1100 in FIG. 11 and/or
other processes for the techniques described herein. For signaling reception, processor
1734 and/or 1770 may perform the processing shown in FIG. 5 or 8, process 1300 in
FIG. 13, process 1500 in FIG. 15 and/or other processes for the techniques described
herein.

[0081] The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, firmware, software, or a
combination thercof. For a hardware implementation, the processing units used to
perform the techniques at an entity (e.g., a base station or a terminal) may be

implemented within one or more application specific integrated circuits (ASICs), digital
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SRRhbig @Quétess bbii] AuRALNs@imbIRE syrabblis Bbeths isgalihd §mbol, to

synbols with a respective scranbling sequence to

tmanwltiplel setspif scmbiadoiyatbotsy mibibl cgclf st indheding grasdrgrgbled symbol
?&f@(gﬂ of th@ multiple signaling symbols, and to spread the multiple sets of scrambled
symbols to obtain the multiple sets of output symbols, one set of output symbols for

cach set of scrambled symbols.

5. The apparatus of claim 1, wherein the at least one processor is
configured to scale the multiple signaling symbols with multiple gains determined based

on transmit power for the multiple signaling symbols.

6. The apparatus of claim 5, wherein the at least one processor is
configured to determine a largest gain and a smallest gain among the multiple gains, and

to limit a ratio of the largest gain to the smallest gain to less than a predetermined value.



formmultiple sets of scranbled synbols, with each set

i ncl udi ng one scranbl ed synbol for each of the
woredosiopliel si gnal i ng synbol s, and to spread thePemiusiopt/er807s

sets of scranbled synbols to obtain the nmultiple sets

of out put synbols, one set ofpjoutput synbols for each

set of scranbled synbols. 5. The apparatus of claim1,

wherein the at | east one processor is configured to

scal e,t he ltiple sigprali.ng synbols with multiple :
gains%ete?ﬁ?rf1 m@%?egpdﬂm rghs ?egb$%?z¥o$a¥h fic processor 15
ol figupddetoSth @i 84dhner thy midlisle sbts ofRRARIPRAMBSIY S0 @fcl@hdi dNadjacent
5, wherein the at |east one grocessor I's configured to
HEPWERHHES 13 ong ofthetmypls tapciirequsney Plesks. gai n anong t he
multiple gains, and to limt a ratio of the |argest

gain to the snmallest gain to |l ess than a predeterm ned

val ueg7. Tiike apppatanisust efaiml &j mhkreimhtde emaltiphe sgfnaling symbols
| east one progessor | s configured to map each of the

FRIRL 514k syl g:ﬂineélaffbé@ bs to a cluster of

adj acent resource units in one of the nultiple tine
frequency bl ocks. 8. The apparatus of claim1l, wherein

t he nBl ti pAensthgh&iriwicelssy whmhsingetpn,icomprising:

acknow edgenent . (ACK) synbol.s. 9. A.nmethod for

wi 1 el SYEIHTY rpﬁ%\ﬁlﬁﬁﬂzll\/gcsm&ﬁssﬁor@talg &Lﬁ%@? g oL agF gymbols,
sdctinal bMSutpNRBILSIst i whiRedBY hih&ing MSmaftipRUsiptdling symbols
synbol s, each set of output synbols bei ng obtained by
yitheatioadingheatyl andpl e si gnal i ng synmbols with a

spreadin trix.. and .hg. the [tiple sets of

oot put BRI Chhio R BT ml P CH b R RsSlepgy bloeks.
The method of claim9, further conprising: scranbling

the nultiple siggﬁlingﬁgynbols to obtain scranbl ed
synbol&, ahbe wsiodiof claie Os BrdsBrBPisE nul ti pl e

si gnal I ' ' e

oy ool A RTRR BuRRTPCeRE BERAL 19 dblify SERATREdmbols. and
Whereithehdredpheadigf tid anabtiple fsignbligg syartpld Songris&c apteading the

t he ILtip]le signali S ols with nultiple gains

tbcaP i eoes e an (08 M ulp syhBsur t ple
signaling synbols. 12. The nethod of claim9, wherein

the mapping the nultiple sets of output synbols

conpr i kes hhppicthgdedchin®, furthenedmprpdieg:set s of out put
Sy”bO'scSéhﬁé’ e rcr:lluftlf?)ieesrigr?afling symbols with multiple gains determined based on

transmit power for the multiple signaling symbols.

12. The method of claim 9, wherein the mapping the multiple sets of output
symbols comprises mapping each of the multiple sets of output symbols to a cluster of

adjacent resource units in one of the multiple time frequency blocks.

13.  An apparatus for wireless communication, comprising:

means for spreading multiple signaling symbols to obtain multiple sets of output
symbols, each set of output symbols being obtained by spreading the multiple signaling
symbols with a spreading matrix; and

means for mapping the multiple sets of output symbols to multiple time

frequency blocks.



adj acent resource units in one of the multiple tine
frequency bl ocks. 13. An apparatus for wrel ess

W@ oovsMsiicat | on, conprising: neans for spreadi NRCT/US2007/078078
mul tiple signaling synbols to obtain nultiple sets of
out put synbols, each set of oyt put synbols being
obt ai ned by spreading the nmultiple signaling synbols
with a spreading nmatrix; and nmeans for napping the

requbhcy” bhesRerdil Sy {?’ Bl Solpd 5 15

furt hgleaOMH k&hMBlingrBBO SMbIOHles Cigani (? Rgmbsle t3Ubbtal €crambled
allng synmbol s to obtain scranbl ed synbols, and
m%b@ (0 h‘élel??élaﬂ@ mesns §8rsaEcafing ﬂtwn@umpﬂq yignabing isymhpls ggmprises

BUROKS GRBRGASGR: TRARMILOL,TREAY! hih e SERER £, of ourput

$bnbolhe apparatus of cIa|n113, mhereln t he neans for
mappi ng the nmultiple sets of output synbols conprises

means for mapping each of the nultiple sets of output
symboh s t orge GhAisite! oPElaRRII 8CHALeMEROWIGRs W thappifl BREnultipl
of the nultipl @&?IHEO rgquency %E5E Ks. ? A c%ﬁ%&ier P
ptogf wwlprsgdlbots coum)mpts 1BEaNgy: focoapping ﬁaqhsa?dhdahmltim@saymf output

TR e e B Tyt St BB gy e freauency

PtRUt synbol s, each set of output synbols bei ng
obt ai ned by spreading the nultiple signaling synbols
with a spreading matrix, and code for causing the
conput er t he nu) ti ets of. output synbols to
nult|% ‘e tgne ﬁ%mn (XFC§COT$H$£ﬁ apparatus for

wirel aﬁﬁpaamwﬁamamb@mm cmifpisig: ng: at | east one
processor configured to obtain nultiple sets of
recei ved sgﬁfé@of% REYRL FUFINRHE {9 A syliene pigagag symbols to

U5 LSl IS S0 bl i g

spyrodaloh sthe enudtiplaisignating $yphteldesbnepaadiygialitis, aadd t o

derive a sig ing sy estimate for one of th

mul tipl e sF‘@jE’?IJP’f ngsglﬁrr{g%?‘gnlﬂﬁ%féa e HaE P gfoutput symbols
feapkprdiny gty 8lks.

17.  An apparatus for wireless communication, comprising:

at least one processor configured to obtain multiple sets of received symbols
from multiple time frequency blocks used to send multiple signaling symbols with
spreading, to despread the multiple sets of received symbols to obtain multiple despread
symbols, and to derive a signaling symbol estimate for one of the multiple signaling
symbols based on the multiple despread symbols; and

a memory coupled to the at least one processor.

18. The apparatus of claim 17, wherein the at least one processor is
configured to despread each of the multiple sets of received symbols with a despreading

matrix to obtain one of the multiple despread symbols.

19. The apparatus of claim 18, wherein the despreading matrix comprises an

inverse discrete Fourier transform (IDFT) matrix or a Walsh matrix.



a menory coupled to the at | east one processor. 18.
The apparatus of claim 17, wherein the at |east one

w@e@sesdor is configured to despread each of tP@I/US2007/078078

multiple sets of received synbols with a despreading
matrix to obtain one of the mygtiple despread synbols.
19. The apparatus of claim 18, wherein the despreading
matri x conprises an inverse discrete Fourier transform
(IDFT) matrix or a Walsh matrix.20. The apparatus of
claim17, wherein the at | east one processor is

confi goir edThe &pes@EBNDf @ldifie 1MUMHepie Hesar Rast syaliRb&ssor is
to obtain multiple descranbled synbols, and to derive

poigaTagaldergam hlers makinlgdeserasd suabels to ﬁ@ammtﬂmpleedescrambled
%ﬁ&ﬁ?%{i %jdecfmﬁtl: Sign ﬁrg]ng gﬁl%ofj‘@s‘}?lﬂ{a% bRed B H"éﬂ)?e’ descrambled

erern the at 1 east o FOCessor 1§ Conf |gure
gehilgsisni ne nul tiple weights for the nultiple tine
frequency bl ocks, to scale the nmultiple despread
synbols with the nultiple weights to obtain nmultiple

scal eﬁll.sy”’@ﬁtts?ip%ﬁﬁht 8f CRIR 1e the, %?’glthb plterasabrd 5 Jrocessor is

synbols to o e signaling sy esti mat e.
Jordigapplatoadetsrnofic ahdiiphe Wsighthdoeihe tmhbipdt tieaftqueney blocks, to
i.s confi ain ch .0

BRfe RS tupE SRty Pif Mgl dr Bhe aapiiumm vk scated

§\A8IR01E, CRJUBI dotnbife SHeem@ftiptchgalBdl dynflofs o SBainr B8 YRHENNg symbol
bl ocks. 23. The apparatug of clay2?a7 wherein t%g’ £

pifimatpl e signal i ng synbol s conprise acknow edgement
(ACK) synbols. 24. A nethod for wreless
comuni cation, conprising: obtaining multiple sets of

recei y&d syhbalppafati@noMmeldimplie, twhdeeid @6 uaNystbbee kfocessor is
used to send nultiple signaling synbols wth
eyignmdnty: obfeiaprash @f e pHdtR e IsEis pifgcedyed smbaly &iopeg cluster of

d(y S 00AL Rs5QORLN iR Y lof{lﬁlﬁlgg%?fl’nﬁeg?gﬁ%éﬂa%l%gksand

r|V|ng a signaling synbo of the
mul tiple signaling synbols based on the nultlple

despread s ols. 25. The ne od of. claim er
Corrprggl ng¥ deReraim| ohglime ﬂuw?rmn thge &’é?j B ymbols
ESnPiealcRndMEL s &t BRERY bR

24. A method for wireless communication, comprising:

obtaining multiple sets of received symbols from multiple time frequency blocks
used to send multiple signaling symbols with spreading;

despreading the multiple sets of received symbols to obtain multiple despread
symbols; and

deriving a signaling symbol estimate for one of the multiple signaling symbols

based on the multiple despread symbols.

25. The method of claim 24, further comprising;:

descrambling the multiple despread symbols to obtain multiple descrambled
symbols; and

deriving the signaling symbol estimate based on the multiple descrambled

symbols.



synbol s; and deriving the signaling synbol estinmate
based on the nultiple descranbl ed synbols.26. The

woredokosiiiof cl ai m 24, wherein the despreadi ng tPEI/US2007/078078

mul tiple sets of received synbols conprises
despreadi ng each of the nultipje sets of received
synbols with a despreading matrix to obtain one of the
mul ti pl e despread synbols. 27. The nethod of claim 24,

wherein the, deriving.the signaling,.symbol estipate..
con‘prlh ‘es E%? ot %@Clﬁﬁl ?ﬁpl‘@el{/‘?/él?g}%%esplbeﬁg?lﬁetﬁg multiple sets of
Pagtitvbd b embolsoipAsHseREYredife kSch Sk inGtiplb SetdWf trédeivd symbols
despread synbols with the multiple weights to obtain

Fifhtei dsprreading Batrsytoiablain opgefl the Awiltile dosrad wymbpls| e

scal ed synbols to obtain the signaling synbol

estimate. 28. The nethod of claim 24, wherein the

obt ai p7.ng The nwthdd pfeldet 34 ovhereme theederbwing ahe signaling symbol
conpri ses obtaining each of the nultiple sets of

PREAIG BINRYNFBol s froma cluster of adjacent resource

Ui € SqdiBmffg GhullibR wBibHi Rrdhd milRipld GAUFGYerRY BRERs.

29. An apparatus tor rel ess conﬁhnlcatl n,

conpr saiing:thergawspleodespidadi syinmglsmwith ee neudtige ofeights to obtain
received, synbols fromnultiple time frequency bl ocks
H@@Hﬂ?smkéﬁa“ﬁﬂﬁt? e signaling synbols with

spr eagbAilininFRBOMuftPle SRERNSABLRGo bBRITME bighhBnS&hfhoPbstimate.
recei ved synbols to obtain nultiple despread synbols;

and neans for deriving a signaling synbol estimate for

one of,the [ tipl i gnal L ng nhol.s sed on the.,.
marti e olbpriafo€ ot st 243 RYERCLE SRR Whlint ses of
2ReivEdIkiMBo1s ComMpiissd BbtainiRasschf ff thdaagitiprebidtNngf tdttived symbols
nmul ti pl e despread synbols to obtain nultiple

ek dnBieref adipgp|reSougsinis dhena ofrthejemitinledgme fequency blocks.
signaling synbol estinate based on the nultiple

descranbl ed synbols. 31. The apparatus of claim 29,

wher e29 t hAnrpparatuk dor whied psseadinngidatien asniprging: set s of

recei ved synbol s. conpri ses nmeans for despreadi each .
of t hECARY (?rpplétam(l:ngn%lultslpele sets o? receive sﬁnbo%s é]o%n multiple time

frequency blocks used to send multiple signaling symbols with spreading;

means for despreading the multiple sets of received symbols to obtain multiple
despread symbols; and

means for deriving a signaling symbol estimate for one of the multiple signaling

symbols based on the multiple despread symbols.

30. The apparatus of claim 29, further comprising:

means for descrambling the multiple despread symbols to obtain multiple
descrambled symbols; and

means for deriving the signaling symbol estimate based on the multiple

descrambled symbols.

31. The apparatus of claim 29, wherein the means for despreading the
multiple sets of received symbols comprises means for despreading each of the multiple
sets of received symbols with a despreading matrix to obtain one of the multiple

despread symbols.



sets of received synbols with a despreading matrix to
obtain one of the nmultiple despread synbols.32. A
W@ oops-Enl program product, conpri sing: PCT/US2007/078078
conmput er - r eadabl e nmedi um conpri sing: code for causing
a conputer to obtain nultiplesets of received synbol s
frommultiple tinme frequency bl ock used to send
mul ti ple signaling synbols with spreadi ng, code for
causi ng the conputer to despread the nmultiple sets of
received synbols to obtain nultiple despread symbol s,
and cezle f arcoadgsdrpdodria peadiet cemptigingderi ve a
signaling synbol estimate for one of the nultiple
si gnaFeARHteyispdatic madiem enlEgul ti pl e despr ead
symbol's.  .4e for causing a computer to obtain multiple sets of received symbols
from multiple time frequency block used to send multiple signaling symbols with
spreading,
code for causing the computer to despread the multiple sets of received
symbols to obtain multiple despread symbols, and
code for causing the computer to derive a signaling symbol estimate for

one of the multiple signaling symbols based on the multiple despread symbols.



