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II.  Background

[0003] Wireless communication 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] In a wireless communication system, a Node B may transmit traffic data to a
user equipment (UE) on the downlink and/or receive traffic data from the UE on the
uplink. The downlink (or forward link) refers to the communication link from the Node
B to the UE, and the uplink (or reverse link) refers to the communication link from the
UE to the Node B. The UE may send channel quality indicator (CQI) information
indicative of the downlink channel quality to the Node B. The Node B may select a rate
based on the CQI information and may send traffic data at the selected rate to the UE.
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[0007] In one design, a transmitter (e.g., a UE) may generate a modulation symbol
based on the first control information, modulate a reference signal sequence with the
modulation symbol, and spread the modulated reference signal sequence across time

with a first orthogonal sequence. In one design, a receiver (e.g., a Node B) may

despread received data across time with the first orthogonal sequence to obtain time
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[0015] FIG. 5 shows an example structure for coding and multiplexing scheme 1.
[0016] FIG. 6 shows an example structure for coding and multiplexing scheme 2.
[0017] FIG. 7 shows an example structure for coding and multiplexing scheme 3.
[0018] FIG. 8 shows a block diagram of a Node B and a UE.
[0019] FIG. 9 shows a transmit processor for coding and multiplexing scheme 1.
[0020] FIG. 10 shows a transmit processor for coding and multiplexing scheme 3.
[0021] FIG. 11 shows a receive processor for coding and multiplexing scheme 1.
[0022] FIG. 12 shows a receive processor for coding and multiplexing scheme 3.
[0023] FIG. 13 shows a process for sending control information.
[0024] FIG. 14 shows an apparatus for sending control information.
[0025] FIG. 15 shows a process for receiving control information.

[0026] FIG. 16 shows an apparatus for receiving control information.



[0025] FIG 15 shows a process for receiving control
information. [0026] FIG 16 shows an apparatus for
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[0028] FIG 18 shows an appargtus for processing
control information. [0029] FIG 19 shows a process
for sending data in a TDD system [0030] FIG 20 shows
an ]oparat us for sendi ng data in a TDD s stem [0031]
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[0034] FIG. 1 shows a wireless communication system 100, which may be an LTE
system. System 100 may include a number of Node Bs 110 and other network entities.
A Node B may be a fixed station that communicates with the UEs and may also be
referred to as an evolved Node B (eNB), a base station, an access point, etc. UEs 120
may be dispersed throughout the system, and each UE may be stationary or mobile. A

UE may also be referred to as a mobile station, a terminal, an access terminal, a
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ﬁ)%%i | nli?la? %B shows an N:M configuration for the downlink and uplink in the
TDD system. For the N:M configuration, a downlink-uplink cycle includes N downlink
subframes 1 through N followed by M uplink subframes 1 through M. In general,
N2>1, M >1, and N may or may not be equal to M. Asymmetry in the downlink and
uplink exists when N is not equal to M. Subframes with special fields are not shown in
FIG. 2B for simplicity. The downlink-uplink cycle may be static or semi-static.

[0039] The following system configurations may be supported:

e 1:M configuration — one downlink subframe is followed by M uplink subframes,

where M >1.



upl i nk exists when Nis not equal to M Subfranmes wth
special fields are not shown in FIG 2B for

W@ R0ph23sBd y. The downlink-uplink cycle may be BCEHUSZ08073054
gBpds- static. [0039] The foll ow ng system
configurations may be supported: 1:Mconfiguration -
one downlink subfrane is foll owed by M uplink
subfranes, where M > 1.072085 N Mconfiguration - N
downl i nk subf rames are followed by Muplink subf ramss )
wher eNNM> configigatign> —1 N [drovdink AsiEramey - sisefeliavqdn by M uplink
di scogﬁgﬁﬂggswﬁeggg\pgé%d(ﬁ@@ node in which the UE

does not recelve ownli nk subframes in each

[RAPL o %5 § o B LOREPRUPRS EHISPgh UTRKL FOgyn which the

Ulreddds ndRYeceRermt gowmlink HibBEaRs im @Wﬁdd\/&rﬂﬁ&fﬂp‘iﬁk cle. The UE
mode in which the UE does not transmit on

élﬁyl)t%ﬂll ffestivelimencriate isae{NGBWIM enafigpratiar. éﬁl@n@tlvqiﬁeth@EJE may
%&X?& h1$ B g fc ﬁ{mﬁﬁ? %E%Hgsru% ﬁ)b@) ﬁgdé\l (% g)thet HE dr(])es Wransmlt

ura sooeraeln

ama? lh’ﬁl(nﬁ@d‘@&amﬂ intdach dbhfﬁhﬂEuﬁl@ﬂS cyudd. Tae @B maklthen effectwely
downl i nk subframes and does _not transmt on P2 uplin

QRAsHE Anel N:tMeorroabamptiok- Tt kkmay lse opgisee 1@@%916 DRX and
H?{' HEse b bvﬁ?clhythgw A& hdt éEelcé\lPﬁlaov&MnEQS)bera es I%nd does not

Iguration. In any case, e configuration o
i soaty oafPl?euphﬂkowbxﬁ(antes oh caci dowahmlonpl\mld bydbe sTélntUEymay then

%’%‘ffﬁ‘éﬁ? (%S,&F?%?%}g%}“lr aﬁg@%%&ﬁ\ﬁzh 41 Th. n}élsfltp(g.‘gée é?{ehﬁ?pﬁguranon

e BEthANAE&SHRN cf)ﬁ’tfolainfd?gﬁﬁ@ﬁ Qvﬂl%easehlgb?rige 'UB’ as described
send one or nore additional transm ssions until

bddeword is decoded correctly by the UE, or the

[ m-aunber of trans n_sent
AL o RS rOhak AR RIS AR IRRE o T el T Node B
napKeMPa Brhdnaibiibh Fot 20fodddbad fof AUFMERIShNsend M2 nidrSadditional
3 shows exampl e downlink transm ssions by a Node B and

Baasppsséongpth khe cademerdsis glesodnd gortetly bt Hie ¥Bpor the maximum

%Iﬁf)& -IE]EE‘TJ]TSHE 1‘6? ”b&%ogéltl ¥)r trﬁerr%tﬂ?erttgﬁ?%gm 'J(%dmon is

anne qual’i e B and may sen
ervooriteridl (MARQ rﬂayG@prﬁ‘kEaﬂehdhhtya)ﬂdaa tNodgmisSionThe Node B
may . use t he i nfor t|on d/ or aother .information
Eo&y‘%khe&ﬂﬁa 3 HOVIEXRBIP edevwlﬂ*ﬁwwgﬁgﬁwsbyOﬁ Npylg B gnd example

%kﬂaﬁnﬁéﬁ&nﬁ%@l U@t vl t(l@ THD g?st@ﬂ;lduﬂ‘h%t UE %%nngerm%aﬂg estimate

schene) for For each downlink subfr

tlshldolwmmle chlﬁmeb qeaie dorl thel Notdh@ NutjmaB seredy COM acfessathB on a CQI
El{a%lqg‘lp%r %heb SB (thep ﬁ%h ay use the CQI information and/or other
information to schedule the UE for downlink transmission and to select a suitable rate
(e.g., a modulation and coding scheme) for the UE. For each downlink subframe in
which the UE is scheduled, the Node B may process Ny transport blocks (or packets) to
obtain Ny codewords, one codeword for each transport block, where N, >1. The Node

B may send the Ny codewords on a physical downlink shared channel (PDSCH) and
may send a corresponding downlink assignment on a physical downlink control channel
(PDCCH) to the UE. The Node B may send no downlink assignment and no codeword
to the UE in each downlink subframe in which the UE is not scheduled.

[0043] The UE may process the PDCCH in each downlink subframe to obtain a

downlink assignment, if any, sent to the UE. If a downlink assignment is received, then
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@ijl %I\I}pg %E Ptq%l\él %%ﬁ:dﬁﬁ‘ Gie @BMélﬁ QaﬂldWT'élth 1’17‘1%(2?‘1%11?1?['318 n(K) orthogonal

sgbsalem$a\dniw aehul$onca@mmuonlyi Ipfeere(ir(y) aertomnsgbma,l etc. Each subcamer

iroe masfthlea ¥ith Sl0R SoRLARIGE iy BEChOGUaL e Frequency

Worhiin ditR-OFIMISRE iRthe TREUGHAiRRvity SCOFISMVRI Ehs efphcihf between
the frequency domain with OFDM and in the time domain

pdiagensen ersrrmeaysbgéixn@, st W@ewtaéd}m@ﬁtofswb@mme@@ may be

n a ar riers )
Bl s e e AL koo b P EERMLERS 10256, 512
KO2¥eyt Joas wktem@a&dtﬁ 551 25 1?25 51084r Q0 l\/ﬂ%&eip@lstwely

system bandw dt h of 1,25, 2. 10 or 20
E‘%’é kct iRJgi- . shpps asiesiepf o ShBRsIoR sa@gtu@fh%q O gt may be used for

%ﬁ@ﬁﬁ}ﬁ%@ﬁéﬁ{ai Hﬁ)tcglrrfae Q}{ %g)uﬁg(y I Pc?reléétﬁrge %Ekst. thl%ach resource

tot al gr oupe
blesloutayeinblude ISSsubEamiem @@u S8cel2b Bldﬁ:larr[mgb inrlewd@. SThe available
subcarr j

.g., S =12 bc |.o
eRelGy Blockh m(@?rt%saéalge@ tlﬂ e '%@S%g@rsgﬁﬂ f}pﬁr& iigged channel
LN apRRY S fRY iMHAY eGP BECENRRAPRIe two edges of the system

bandwidth, and PUSCH may include all resource blocks not assigned to the PUCCH. A

UE may be assigned resource blocks for the PUCCH to transmit control information to
a Node B. The UE may also be assigned resource blocks for the PUSCH to transmit
only traffic data or both traffic data and control information to the Node B.

[0046] A UE may send various types of control information on the uplink to a Node
B. Table 1 lists some types of control information that may be sent by the UE in

accordance with one design.

Table 1



(PUSCH). The PUCCH may include resource bl ocks near
the two edges of the system bandw dth, and PUSCH may

wo pwbozBE3@l | resource bl ocks not assigned to tPEr/PSIGEGAT3054
W2UB may be assigned resource bl ocks for the PUCCH to
transmt control information o a Node B. The UE may
al so be assigned resource blocks for the PUSCH to

transmt only traffic data or both traffic data and
j tionto the Node B [0046] A UE pay

SEadrvianfauwsationpes o6 Bitsont r ol i nf or matDesaription he

Upi TNk To a Node[B. Tabl T 11 S TYDPES . Of )
C ORI InfbmfioRat i| oMy f-pat %e%gbi%?ﬁ% %E gacheofgword received
accordance with ¢ne desi & aNefeB1072085 [0047] The

nurgrsf infimlib? (NAGK),, 0 RA0E) AQUniAREHLRI S GIRE 98 B Xode B.

a nandan on \ari rgllc fartarc cue nu
2 a1 OoOHS+—Ha 6+ 6+S—SHe—aS A4

HARQedulogesgest t ¢ a¥inonwGeadgey refhest harmipéink ofsoumdewor ds

Sent in each HARQ process, whether to acknow edge a
downl i nk assignnment, etc. In one design, the Node B
0@ 7k e nd Herrafrfliec ofldita (Mxcxdipo sandNoHAREK prfouessmsmayp be dependent

UE, one rocess in,eac i nk subfrane.. I.n gne
oS R Na ey e o BARE BRI d5 RSkl ity number
Of Q6&SPort® sbhte iavtt tHARQNGEReiN PVt 10 Bbl@m‘v&%ﬁg@ufi downlink

(SIM)) or spatial division nmultiple access (SDMA). In
owndwst, gtc.  trhendNdekégrB thaaNode Fdmpywserdb tieflior dia on upaeiN HARQ

HA rocess. o t wi th .singl e-user tiple-input.
HSFTSR 85E Pt g BRRT Rl o0 SRt BT, FibRBiibien. e
Rot@B mafdemdon®odoMdre Gl @UWe HAR® peaehs tdARQ WE GEi@S Single-input
and the UE ma@C receive zero to 2N codewords in N

AlG-ARPE U] Spiiah 4B/ idowATHtHIC prrase(SDMA) .Ul prgydesign, the

SEAGHTEy R DO SdRidli] QcnHARRP RGP, DRI single-user

mektplespipun kuptias-eutpih STAGKIM ©F. 0 Fortheen desighspehe Node B may send

generated in various nmanners. [0048] t;nn a first ACK

BRss P YO CAgS i FRTENREY RSt gigring & amanaiecgiye gero to 2N
woPds ﬁaﬁm&@#mgfrarﬁ@s AC8nY abR&1iHI0 gh%e.c Oﬁl?él‘@ﬁdmgﬁ%enerate

e set to one of two possible values, as follows: 0O =
ACK ifommetioo demell dodasorde endl ethycend ¢lot WCK arfdrmation iNAK uplink

SRR 5 SR £11BE 083L AR i v

PhRsesS W th one codeword, and two bits nmay be used

for each HARQ process with two codewords. '
[0048] In a first ACK design, the ACK information may comprise an ACK or a

NAK for each codeword. An ACK value for a codeword may be set to one of two

possible values, as follows:

e (0= ACK — the codeword was decoded correctly, and

e 1=NAK — the codeword was decoded in error.

[0049] For the first ACK design, one bit may be used for each HARQ process with
one codeword, and two bits may be used for cach HARQ process with two codewords.
The ACK information may comprise (i) up to N bits if one codeword is sent in each
HARQ process or (ii) up to 2N bits if two codewords are sent in each HARQ process.

[0050] In a second ACK design, the ACK information may comprise an ACK or a
NAK for each codeword as well as an indication of whether a downlink assignment was

received by the UE. For each HARQ process, the UE may send a DTX value if a



The ACK information may conprise (i) up to Nbits if
one codeword is sent in each HARQ process or (ii) up

wWae 0028P8d s i f two codewords are sent in each PAR{B2008/073054
proevess. [0050] In a second ACK design, the ACK
informati on may conprise an A?K or a NAK for each
codeword as well as an indication of whether a
downl i nk assi gnment was received by the UE. For each

ocess, the UE may send a DTX value i f a072085
%«\?ﬁ; sigawrRrfRbhat Hé.RyQ RECCISARS ot Breeiysd Raherdol- Ifa downlink

?%hl\éﬁg way réé?—:?velcfEthehfthé Iﬂ? a/' %daﬁﬁﬂeg BBt W3S: NAK for each
re NAK

i ved, then t send either an ACK or a
éa@tewoat kert Guleho HJI\E@ r11ro¢e|ss t ABIHARR desogre HBly avbids arAbiguity when

?%ﬁ&%ﬁ&dﬁ%\r[@w‘mﬁm Fﬁﬂlft&’lgﬂg%&g&’g%gg%gs [0051] For

fov8 1 ecang t1fCecass gk d ngA% Aekugfofor 3R HXRQ process with one

process with one codewor be set to one of thr

pwikswiond may &F getdo ong of brdequssiblepalnepypx follawse UE mi ss ed

the PDCCH and did not receive a downlink assignnent,

1 » ACK DTXe-»chdBlanidsadetie BBCEHEahCdidmectdcyive andwnRnieassignment,
NAK - >t he codeword was decoded in error. [0052] For

t he sécoMdKaekh @@%degwr was derdodeereccilprandn HARQ
proce rds e set to one of five
pOSSIg|é$% 'ﬁéﬁgcgg m?V@ﬂgWX%ﬁgnlfﬁﬁ ->the UE ni ssed

the PDCCH and di d not receive a _downlipk assiﬁnnen

052|aci Fopdhe saspichACdudsusgn el vabiedgean EBHREdrpgess with two
Sodfewdids: m% se? ﬁm)ﬂ/e 5f{TFvefﬁo§s%le GRREVOL Qo .decoded

correctly, ->onl'y the secon codemord

cod’e\?\g 3??52 %Qﬂe ré%ed%ﬂe gP?ng Nég%lgélfh Teﬁelgﬁ éllzia\évglnélﬁ assignment,

the ACK N@KURCROQ B&H RolARERIPHERERSodRYoRB iR ded
i ndi vi dual l'y. For the second ACK design, two bits may

be sus2d ACK, Nadh—HARQthr Disesslewiothwandecodetbvmradtly.and

three_bits may be used for ch HARQ pr cess with two
codewdrd¥r Ky AtKnot Ay ﬂaf‘e%qca@ﬂa qdﬁyomasf cgaed ¢qrecty and

HARQ PLAGRRSRANTEY LG S85Tl el doa Pl g Second

ACK design, € nunber 0 0 sen

RSR! Ti ebsidh, ERAEkOF e S Tol %ﬁé%@%&%%ﬁ‘? be coded

iRy, 8H ifdsdebAd Pb@l@?h‘s@nog'gé B m]RQor each HARQ

processés with two codewords, Eq (1b) mﬁ%re [
pleness esitla ose codavgprdpmdathme, bits may be used for each HARQ process with

two codewords. In another design, the ACK values for all HARQ processes may be
coded jointly. For the second ACK design, the number of bits to send for ACK

information for N HARQ processes may be expressed as:

N,k (Iog2 (3" )—‘ for N HARQ processes with one codeword, and Eq (1a)

Nk = (Iog2 (5" )—‘ for N HARQ processes with two codewords, Eq (1b)

where | |denotes a ceiling operator.
[0054] Joint coding of the ACK values for all HARQ processes may reduce the
number of bits to send for the ACK information while conveying all of the information.

As an example, for N =5 HARQ processes with one codeword (or two codewords), the



[ 0054] Joint coding of the ACK values for all HARQ
processes may reduce the nunber of bits to send for

W@ b@®IALKR30 nf or mat i on whil e conveying all of theCT/US2008/073054
P1PYr mati on. As an exanple, for N = 5 HARQ processes
wi th one codeword (or two codﬁyords), t he072085 10 ACK
informati on may conprise either 10 bits (or 15 bits)
for individual coding or 8 bits (or 12 bits) for joint
codi ng. Jaint coding may proqvide a sca&ggLe,sIructure

RO gdermatgn fayteorpfise pthcad§ hite (ol Sptshergrindifdual coding or 8 bits
RO Gy ShARE, Pt Rkl R 158,085 Py i
with gextremal asy mhetrfCGitw edfnotheatavorinkeandcgrippki € may improve coding

nunber aof bits far y .nunber ,of . codewords sent in an
R BEen e mimsr 5F AR e MR B i ERST e ol Towing
Fﬁgsr | Ptrh QRnerhNehARKK HSHRLh ORayCIMRriss 8hy MdftbeP b $its for any

t may be obtained by individually or jointly codln%
nirebuCxt vedaresds sentain apAROMPEOOESHABQ POBSSEs. Thin much of the

goil%glzré%ﬁ%grﬁi)ttiosn (ﬂ"l\é%)f( }n ?rznga?idnfcgr;nggf\%salgg]%h gp%%torﬂaﬁg obtained

on ‘various rs

be paiidngdlyfo ety cédifs HeEK vafues et ARQ @osRRE. | N

each HARQ process, the desired resolution for each CQ

(M956k, - &ife.numbep AEbidediagn, o send fer QI informatianomayrhy dependent on
ri [ -

GRS v8af ) 4 e G0l Mo RRRLIERIE IR Sl RoflBodE 19 send in

cetldhOR Q. prbcesanht dediredesiadutiont foe c4&Q CQhfdueradté. ol drydesign, the

nprise (i) a base . CQ yvalue that is equal, to.the CQ
@l a%tl_oaﬂflatmemw FRPPEE WO a/aﬁﬁ(fgl( Fao Cé’d%i‘@PlidaW%@th 3y fg used to
i@k al RoRiAMeRN 4 &Bﬁlgﬁcﬁérﬁé EACRALEIIRERY, t ey rder VRLiMEShe CQI

!
of the first and second codewords. The CQ information
mégrnaitisn neyrmenipsise O hbrsd GRbvatat thahis efihd te@ie CQI value of the first

FRBERT 674 Bt & Scfd o8] tiic Mot oepeabto 41 STERGeg begreen the €I
808k §0heafise BedYddond doBeeRls. NBe 0BT deReNsedH nad Afecomprise
request format, the type of information to send for

other méquession. t ke &3l méamragion| mey arcludst N FoB kixaoplseme other
the scheduling request may convey the anount of data
nenbad bdy. t he UE, the anount of resources being

82T e Sindien i bisShREb b Yor S elintrBoyeatypag pe dgpenden
80 tth& eftfucstSRrinkatth&NSP=0P infolrlffA] tol Sengdefoertad requelE the desired

may send any control information in a given ugllnk
KspiuHamete of o NeEwlR thashedyling| rpgyostymayrgenyeyfthe paount of data to

S50, B L90 REL RLFRY SRS SN BT O Ay, s o
BRldescription below assumes that a scheduling request is not sent, so that N, =0.
[0058] In general, a UE may send any control information in a given uplink
subframe to a Node B. For simplicity, much of the description below covers
transmission of only ACK information, or only CQI information, or both ACK and CQI
information on the PUCCH.

[0059] A UE may send control information (e.g., ACK and/or CQI information) in
various manners. The control information from multiple UEs may also be multiplexed
in various manners. Table 2 summarizes three coding and multiplexing schemes that
may be used to send control information. In Table 2, TD-FD-CDM denotes code
division multiplexing (CDM) in both time domain (TD) and frequency domain (FD).



i nformati on on the PUCCH [0059] A UE may send control
information (e.g., ACK and/or CQ information) in
W@ 2000/028530manners. The control information fronPCLUSI0p8/€73054
UE8sSmay al so be nmultiplexed in various manners. Table
2 summari zes three coding and jhul tiplexing schenes
that nmay be used to send control information. In Table
2, TD-FD- CDM denotes code division multiplexing (CDM
in both tinme domain (TD) and frequency. domain

RryD MﬁmemodeIaéﬁ fiplsxpgdig Hﬁevfrgwﬁcy domain. TD-CDM

Héﬂ Eésﬁ!oﬁé ldRgsibi 1{;{13 lﬁ?ﬁfe%nﬂﬁﬁ@ﬂnﬂm T c%ﬁﬁ%%ﬁ%lnplexmg
V|S|onrrut| nglntetlrre omai n. "Each

mhdmngs dmdnbmimlfpﬂﬂmrldngulshchsne is described in further

detail below. Table 2 [0060] FIG 5 shows an exanple

structure 500 for coding ani I tipl exi ng schene 1.

For the normal cyclic prefi &4ch sl ot includes seven

cvyrhnl nari ndc thao laoft clat | nel ndac cvunmhnal nari ndc
SY-HB6H e HoaSs—t+ e+ eHt+—S+Hor— 1 hRHetHaeSsS—SyYHBo+ e1oaS

0 through 6| and $dhemeilght sl ot i Schewe2 synhol Scheme 3

periods 7 tir e or
ss'igﬁajlihgrbegw kéedcrgﬁ%qr? Wﬁ‘l‘#ﬁ{te%%B%HC% I eSDETCPread
bl ock pair tt‘?é&na parenFsd iher SIENY SSHEETCEsodir ce bl ock

' 'R/Idli"ﬁlehﬁg hal f 1. théDh\@ft $l ot gpflcoRg resourcerp.cpm

b oclc 1 n hr\ffnm hal | tha ri nhf ol ot AS ohn\l\h

in FIG 5, or (ii) one resource bl ock in the bottom

[mld)anf HICE 5 @blvs 8h %&a d S%@tufeeﬁﬁ)ufo? @ocﬁhgﬁﬁd hfuldg1&ing scheme

in the right slot (showm wth diagonal
haflwr tiee nornfal Gycll) prefinOfith slom indheded ssvansystmperipds-HE, left slot

PSREES R TBTT Bt AhPHFEE: SRabt Tt PBhanTsRSpraR! periods 7
Beaighol 3 dah@e bf BRBIUESD n&&@ﬂult@@du@l Ssegd contrl &TrrRation on a

and pilot is sent in synbol periods 2, and 4 of each
reé@,ltrm block |p@trkhat[lm®6¢qs cAtheE(i henye @mcezblmck o theetpp haki@f the left

Sel 1nfcd Elog RIS lBtt% aﬂal? ?9%&2’? St gf(i)yl %hgwg in FIG. 5, or

corréﬂ I on prop er I es.

gl mmbtragwmwdwcbmrtﬂe ¢>6ﬂ6ﬁ1(ﬂalﬂiﬂtﬁe dTds1pl il o rebdiBcSBIFEK in the
resour.ce bl ock using different reference signal

@@d\agﬁ%&eﬂ&mﬁ@ﬁ(%ﬁvnwthg@ﬁ@rna%w metih FAGpdse sequence
g@%ﬁ gﬁ §hd ﬂg‘ﬁ 1P SHAGD GF c‘ﬁ VAT gfb@ﬁ%ﬁ&gciesafour symbol

e zero UtO corre atIO sequence suc
Faiadieffbr Chntrdl Zi@)a amd] tlene eymho]spmmiﬂ cfer pilbhh Wontrol data is sent in

ARSI 20, PF A% Landnm phases 1S L90%3) Ao 4 or e
RRS@LOBRCRY cyclically

[0062] A UE may send control data and pilot using a reference signal sequence
having good correlation properties. Different UEs may simultaneously send control
data and pilot on the same resource block using different reference signal sequences,
which may be generated with a base sequence rp(n). The base sequence may be a
CAZAC (constant amplitude zero auto correlation) sequence such as a Zardoff-Chu
(ZC) sequence, a sequence with unit magnitude and pseudo-random phases, etc.

[0063] A reference signal sequence r(n) for a UE may be obtained by cyclically

shifting the base sequence r5(n), as follows:

r(n)=e"" -r,(n) , Eq (2)



shifting the base sequence Vbin), as follows: r ( ) =
ejan - rb () , Eq (2)072085 12 where a is a cycI|c
WG RiodN2336i gned to the UE. [0064] The UE nay QRCIEDS1088/073054
onessnmodul ati on synbol d for control information, e.g.
ACK information. The UE may ulate its reference
signal sequence r(n) with the nodul ation synbol d to
obtain a nodul ated reference signal sequence d r(n)
The UE may then spread the nodul ated reference signa
yhgigenisa Qs apvignedde el UEequence wn to obtain data
nc [

@%Hﬁhef@eﬁ g’)ag g%ﬁgfa%eorﬁlg%o L%X 3 %bomor cgﬁt)rol 1n1%gmat1on e.g.,
Ammfowﬁﬁ] TlHeeUFJEnmgamodbtaaa s fdfexrenctamgnaﬂe;qqmces(n) with the
ZO(VZé, Z2(Vz) and Z3(Vz) by spreading th

il %ﬁvm@lért@@é@%a giedplatedgatorcnec pignpl &eeﬂﬁncgmsr)s The UE

e ort

glél& J]léeﬁlcsé)r%ﬁ\d[hﬁ'ﬂg’dbg %a elgf\élf?g%wgseggarﬁfgn\gh%glt@%b%%onal sequence
% ¢/8tainZdhta &maaﬁm2§kﬁ7hsﬁﬂkﬁunbol periods 0, 1, 5 and

6, respectively, in the left slot and in synbol

periods 7, 8, 12 and 13, respectively, in the right

sl ot , Zag)stbwn, "D G 5. [0066] The UE may al so Eq(3)
spread |ts reference signal sequence r{n) with an

gthogon seque &v» to obtain pilot sequences pm),
CICA 1P BW CABY R ) MESFANA 7 F)2 UmEdeéﬁ) [0067] The UE may
5{#0( \/'Zn tﬁlreenghlla9t0t§£H UBHC @sta! s Mks o g%) ang /and z;(n) by

by spreading the reference S|gna ence wt
sm@&hmm@laﬁ refétemediguial segsgectwﬂefow syn‘lbcﬂhefo, w1, W2 and w3,

ort hg%%ln al)§ § ugnce, rg‘ﬂliryglge gjzﬁd “ﬁ}’eJ@E{‘;%;P I‘S%l%g% §gquences zo(n),
ﬂ(%)' %@5) ahd z§(n§iﬁdsy4nbd1 §ﬁ@d‘st0 viekndisDrdsptivelyt insthelefBllet and in

nmbol peri ods and 11, respectively, in the

wn@tml petiests, 7, &s l%mﬂ/\&ﬁ, |r¢ﬁpﬁ¢t(zel>5 in thoawd] slgh as W@dﬂ@i 5.

nc orth nal code
BARYE" S, B30 R, LI s S S8R R it an
seppnsiasq@inct eNat sbtdin Hlwt muatbbapmg ab lf@va col ums
of an L x L DFT matrix, where L may be any i nteger
value. If L is a power of two, then L Wal sh sequences
of | ewgt® LVmd{”be used for L orthogonal sequences. Eq (4)
[ 0069] For the extended cyclic prefix each sl ot

hﬂ)%%jdesfhselle %Yay o%talg ?hrrce pf?ot sequenlces po(n), pi(n) and p,(n) by spreading
the reference signal sequence with three symbols vy, v and v,, respectively, of the
orthogonal sequence v,. The UE may send pilot sequences po(n), pi(rn) and p,(n) in
symbol periods 2, 3 and 4, respectively, in the left slot and in symbol periods 9, 10 and
11, respectively, in the right slot, as shown in FIG. 5.

[0068] The orthogonal sequences may also be referred to as orthogonal codes,
Walsh codes, spreading codes, etc. L orthogonal sequences of length L. may be
obtained from L columns of an L xL DFT matrix, where L may be any integer value.
If L is a power of two, then L Walsh sequences of length L may be used for L
orthogonal sequences.

[0069] For the extended cyclic prefix, each slot includes six symbol periods, the left
slot includes symbol periods 0 through 5, and the right slot includes symbol periods 6
through 11. Each resource block may include four symbol periods 0, 1, 4 and 5 for

control data and two symbol periods 2 and 3 for pilot.



sl ot includes synbol periods O through 5, and the
right slot includes synbol periods 6 through 11. Each
WO 289023780 bl ock may i nclude four synbol peri odBCOUSDNS/e73054
gimness5 for control data and two synbol periods 2 and 3
for pilot.072085 13 [0070] Eifferent UEs may be
assigned different reference signal sequences
generated with different cyclic shifts of the sane
base segyggce rbﬁ These referen e sig n?I sequences
W00 bdFrtRbgdhal may bheassignechediianeat tigforenee caigag sequences

g%{%ﬂﬁg%& {évﬁg d@@&eﬂfvﬁrcﬁ@ sBRSbr ﬁie’@éﬁe%@@k’ Lﬁén&nrbﬁrbe THeEreference

ubcarri I'n one synb eriod to achieve
FEplBduchbes wauttde oothogaml tocouemnbtks:r day tdhe d&oehbgmopertics and

on the channe| del spread. Mire.cyclic shifts be
i 6 180 SPBtearrlLet T AHRE StlephyttepELI apg Yk Deriod to
Y&iSR-Fi-0OM] TReffugibenbr Hfesic RRifts @hasyooéo&epaﬁééng B8 ®hd dMnnel delay

sanme reference signal sedquence but "different
snredio gt cysEqukifis esy RasippOURdvigy skertas gHannek delay spremt @nd vice
si nal sequence with the orthogonal sequence assigned

"hat UE. The spread reference signal sequences for

[(109$]3 Ui oyt DEsSBL alsd Bblhﬁs@%iﬁduﬁé Yand€ Fe@&8n &Yl sequence but
perlods in the sanme resource block to achi eve TD- CDM

dierent pEBescsnl wausgbnkitchddl maycwscad dtsgeierings Nigaalippquence with
ﬁl% ogthog(?r%'fl qél%ﬁ)%?epe é(Ft%QLQ l?% ﬁglﬁﬁ ecft%ﬁ%&%é}gn%éeﬁnences for

dent on
&@mﬂﬁﬁsnﬁb®ﬁbaﬁsﬂhﬂhﬂ@ﬁ@ﬁ&a@ﬁﬂu@ﬂﬁﬁkpﬁﬁﬂshemmSQmeﬁﬁbumebkmk

hi gh .Doppl.er._spread, a vice vers [0072] . The nu

or a{k%%t PRk ﬁﬁm‘ﬂ%&ﬁsﬂ}wg RIS %E?tstrmla%cf &y (c.g.
Oftiat {83 tRATR g thS T I SE Qe A6, Wﬁ%h%aydﬁttﬁﬁm)é" eRd¥enkt BE the channel
nunber of cycllc shifts as well as the nunber of

Bpppiogsmaaid s 8heremmaethogoral seqtencts may de uStdidrdrigly Dophler spread,
er of UEs that can sinultaneously send their
ﬁ? BfSVEt he same resource bl ock may be determ ned by

foag2pubee Rimvey OF IESHLE Em ﬁﬁlu‘l’kﬁllléou@z dehe tlﬁBﬂﬂTJé’(ﬁftrdedata on the

ort hogonal sequences for pilot. Each send
geom respurdabipck gnagebd dgtgrrpmls@foy thﬁs ngmbwﬁ WCFP Ghifty asTwdl as the

t d h
rlérg%e&rog grt #J%onl% rrg]y Ibc%s fex tcé)}q%#ﬁ)lndea 18 5 1%} lﬁlrly fhe ﬁu%%er f I{Es) that can
tihmiltanuoisly sehd Wicsr plttaﬁ oﬁzﬂna We&@me@uﬁby n&§tt ddd@hiined by the
control_ data and ei he nunber of UEs that can )
%‘Ffﬁ?ﬁrtoir?éféle% pRyfts éw Irpeithe pimbersof qrihogzanal spqyengessfigppdot. Each
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the number of UEs that can simultaneously send their control data and (ii) the number
of UEs that can simultancously send their pilots.
[0073] FIG. 6 shows an example structure 600 for coding and multiplexing scheme
2. In the design shown in FIG. 6, each resource block includes five symbol periods for
control data and two symbol periods for pilot. Pilot is sent in symbol periods 1 and 5 of
each resource block, and control data is sent in the remaining five symbol periods.
[0074] A UE may process control information (e.g., only CQI information or both
ACK and CQI information) and generate ten modulation symbols d through do. The

UE may modulate its reference signal sequence () with the ten modulation symbols to

obtain ten data sequences z,,(n), as follow:



control data and two synbol periods for pilot. Pilot

is sent in synbol periods 1 and 5 of each resource
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symbols s(n), as follows:
s(n)=DFT {d, } , Eq (6)

where 7 is a time index, # 18 a frequency index, and DFT { } denotes a DFT function.
[0079] The UE may spread the set of S frequency-domain symbols with an

orthogonal sequence w,, to obtain data sequences z,,(n), as follow:
z (n)y=w, -s(n) . Eq (7)

[0080] In one design, the UE may obtain four data sequences zy(n), zi(n), z»(n) and

z3(n) by spreading the set of S frequency-domain symbols with four symbols wo, wi, w



where i is atine index, nis a frequency index, and
DFT { } denotes a DFT function. [0079] The UE may
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modolasng amafemnbch signalasetiogo rdth the gu@iutaion symbol and spreading the
modulated reference signal sequence across time with an orthogonal sequence.

[0084] Coding and multiplexing scheme 2 may be used to send a moderate amount
of control information, ¢.g., approximately 20 bits of CQI information or both ACK and
CQI information. As shown in FIG. 6, ten modulation symbols may be sent in one
resource block pair by modulating a reference signal sequence with these modulation
symbols.

[0085] Coding and multiplexing scheme 3 may be used to send a moderate to large
amount of control information, e.g., 20 or more bits of ACK and/or CQI information.
As shown in FIG. 7, the control information may be spread across frequency with a

DFT and further spread across time with an orthogonal sequence.
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[0087] For scenario A, coding and multiplexing scheme 1 may be used to send only

ACK information in the 1:M configuration. In scenario A, a UE may send 1 or 2 bits of
ACK information for one HARQ process. Coding and multiplexing scheme 1 may
allow more UEs to be multiplexed in the same resource block pair.

[0088] In one design, for the normal cyclic prefix, each resource block may include
four data symbols and three pilot symbols and may have a format of DDPPPDD, where
“D” denotes a data symbol and “P” denotes a pilot symbol, as shown in FIG. 5. In one
design, up to 18 UEs may be multiplexed in typical urban (TU) channel and low
Doppler with the following:

e 6 cyclic shifts for FD-CDM,
e 3 orthogonal codes of length 4 for data in symbols (0, 1, 5, 6) for TD-CDM, and
e 3 orthogonal codes of length 3 for pilot in symbols (2, 3, 4) for TD-CDM.



in TU channel and high Doppler with the followng: 6
cyclic shifts for FD-CDM 2 orthogonal codes of
WO 2009028720 for data in synmbols (0, 1) and synbobGI/[1S2008/073054
62085%and 2 orthogonal codes of length 3 for pilot in
synmbols (2, 3, 4). [0090] In pne design, for the
extended cyclic prefix, each resource bl ock may
i ncl ude four data synbols and two pil ot syrrbol s and
have a fornat of DDPPDD. In one desi
Elf'éﬂk UEB opadesien. dofl the prianad §vsli vre ¥’d4pet° 2&5%%1%3/ be pypltiplexed
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for dat 1) and synbols (4, 5) and al so
for® s%‘fhc’sﬁlsfé@%@s&?% 3) for TD-CDM [0091] Table 4
| St s2 ¥Rhbgymal R BELREth\aoH 8ta iy rsiNeioNg) and é&n%'l% (5 6), and
information with coding and mul ti pl exi ng schenme 1 f
scenat bghdgonthdzides df len@bdi fogpaetdn Mainbolpl( 23, AY Schems 1

[0092] For scenario B, coding and mnultipl exi ng schene
[Il()ﬂﬁ},/ bdn umeddetsd)grs efnd thnleyteAddd cydlior pmiikpRadhn rdsberchl bck may

s e SRR o R s, kb e b BDPPDD.
M JRYn P& G yan 18 rﬁ%QWmhﬁlp?(g&ﬁtlﬁ Q&hiélbd cinéll a*ﬁ)i low or high

for joi nt codi ng. Coding and nul tipl exi ng schene may
Bbpper whik theefotlowsgnd ACK i nf ormation for nore HARQ
processes in one resource block pair.072085 18 [0093]
Fore s¢endid shiftsGot ADACQM, land codi ng and mul ti pl exi ng
schene 3 may be used to send only i nf or mati on

bot*h Aekhegrnabeyde af kﬂnﬁﬁﬂ &m. datﬂdﬂ Smbglé (QcBr?élﬁuswlbolé (4, 5) and

nackc 1 BGOSR, G Toh PR BT 0N Famg

@‘fﬁ? FtlecR B YT B Tl RF GRS ST ATk, Bormation

ﬁvﬁﬁ@ddﬂﬁ? ahll efitipelifig Eheneachr ensgenari os C through F.
In an alternative design, coding and nultiplexing

schene 2 may be used for scenarios C and D, and coding
and mul tipl exi Agblsdhefediog sag Mydtipiseas Seherae bnar i os E
and F. A UE would then need tqQ support all three

codi ng and rrul ti pI eX| ng schem=s Nor&aﬁﬁ?cli’c [f@ﬁx al | %X)Eended
20 CTIAal I US. IIIC UCDI I°LLILBLL IaUI T Q may al juw a UI: lU C CliC
support o yn&edi ng and Jml tipl exlAy schenedigh ang 3 Py i
for all six scenari os. Doppler Doppler rehix
Resource Block Format DDPPPDD | DDPPPDD DDPPDD
Number of UEs Nur 18 12 8
Number cyclic shifts Ns 6 6 4
Number of data orthogonal codes Nb 3 2 2
Length of data orthogonal codes NpL 4 2 2
Number of pilot orthogonal codes Np 3 2 2
Length of pilot orthogonal codes Npr 3 3 2

[0092] For scenario B, coding and multiplexing scheme 3 may be used to send only
ACK information in the N:M configuration. In scenario B, a UE may send Nack bits of
ACK information for up to N HARQ processes, where Nack may be given as shown in
equation (1a) or (1b) for joint coding. Coding and multiplexing scheme 3 may allow the

UE to send ACK information for more HARQ processes in one resource block pair.
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I n anot her design, for the extended cyclic prefix,

AR5 r e3RULLL d@b@&kfﬁaﬁle' H&Ink’a‘i’echht’eprgﬁ&a %yﬁ}b%é ©BBd may be
one pilot synbol may have a f or mat DD. In
mmque&dgmmgbdkmbgrwaﬂnbeﬁﬂummnglexed |n | ow Doppl er

with the followng: 1 orthogonal code of length 5 for

datea ? nrthygdnal sodeOof kngth,2 fr d&th in symbols (0, 1) and symbols (5, 6), and

e 2 orthogonal codes of length 3 for pilot in symbols (2, 3, 4).

[0096] In one design, for the extended cyclic prefix, each resource block may
include four data symbols and two pilot symbols and may have a format of DDPPDD.
In one design, up to two UEs may be multiplexed in low or high Doppler with the

following:

e 2 orthogonal codes of length 2 for data in symbols (0, 1) and symbols (4, 5) and
also for pilot in symbols (2, 3).

[0097] Table 5 lists various parameter values for sending only CQI information or
both ACK and CQI information with coding and multiplexing scheme 3 for scenarios B

through F.

Table 5 — Coding and Multiplexing Scheme 3
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[00100] In yet another design, for the normal cyclic prefix, each resource block may

include seven data symbols and no pilot symbols and may have a format of
DDDDDDD. In one design, up to seven UEs may be multiplexed in low Doppler with
the following:

e 7 orthogonal codes of length 7 for data in symbols (0, 1, 2, 3, 4, 5, 6).

[00101] For the extended cyclic prefix, each resource block may include six data
symbols and no pilot symbols and may have a format of DDDDDD. In one design, up
to six UEs may be multiplexed in low Doppler with the following:

e 6 orthogonal codes of length 6 for data in symbols (0, 1, 2, 3, 4, 5).
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[00106] In general, each resource block may include any number of data symbols and

any number of pilot symbols and may have any format. Example designs for coding
and multiplexing schemes 1 and 3 for some resource block formats have been described
above. Coding and multiplexing schemes 1 and 3 may also be implemented with other
designs for other resource block formats.

[00107] A UE may be able to send more control information with coding and
multiplexing scheme 3. As an example, for the normal cyclic prefix with low Doppler
in Table 5, the UE may encode 12 ACK information bits to obtain 24 code bits and may
map these code bits to 12 modulation symbols. The UE may perform a 12-point DFT

on the 12 modulation symbols to obtain 12 frequency-domain symbols. The UE may
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[00110] For a TDD system, the downlink and uplink share the same frequency
channel, and a downlink channel response may be correlated with an uplink channel
response. MIMO transmission on the downlink may be supported in several manners in
the TDD system.

[00111] In a first design, a UE may estimate a downlink MIMO channel as well as
downlink noise and interference for a Node B, e.g., based on a cell-specific reference
signal received from the Node B. The UE may select a precoding matrix and the
number of codewords to send based on the downlink MIMO channel estimate and the

noise and interference estimate. The UE may determine a signal-to-noise ratio (SNR)

for each codeword based on the selected precoding matrix, the downlink MIMO



Node B may then transmt traffic data to the UE based

on the precoding matrix and the SNR for each codeword.
wabiog/ 023t gn may reduce feedback overhead and PEE/US1088/073054

pBokice the effective CQ |oop delay. [00113] In a
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1%21307 ngl?dS 8b1811%f9)rr?1? or théJ 16181? E)?etcgded SNR. The Node B may estimate an
uplink MIMO channel as well as uplink noise and interference for the UE based on the
sounding reference signal. The Node B may assume that the downlink MIMO channel
matches the uplink MIMO channel due to channel reciprocity in the TDD system. The
Node B may determine the asymmetry in the downlink noise and interference and the
uplink noise and interference based on the SNR reported by the UE and the uplink noise
and interference estimate obtained by the Node B. The Node B may then estimate the
downlink noise and interference for the UE based on the uplink noise and interference

estimate and the downlink/uplink asymmetry. The Node B may select a precoding

matrix and the number of codewords to send based on the uplink MIMO channel
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frorn UE 120 and/or other UEs. Each antenna 852 may provide a received signal to an
associated demodulator (DEMOD) 854. Each demodulator 854 may condition (e.g.,
filter, amplify, downconvert, and digitize) its received signal to obtain samples and may
further process the samples (e.g., for SC-FDM) to obtain received symbols. A MIMO
detector 856 may perform MIMO detection on the received symbols from all R
demodulators 854a through 854r and provide detected symbols. A receive processor
860 may process (e.g., demodulate and decode) the detected symbols, provide decoded
traffic data to a data sink 862, and provide decoded control information to a controller/

processor 870.



Recei ve processor 838 may provide decoded traffic data
to a data sink 839 and provi de decoded control

WO poon2aast on to controll er/processor 840. [ 001A@H/US2008/073054
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multiply a reference signal sequence r(n) with the modulation symbol and provide a

modulated reference signal sequence. A time spreader 928 may spread the modulated
reference signal sequence with an orthogonal sequence w,, for control data and provide
data sequences z,(n), ¢.g., as shown in equation (3). A time spreader 930 may spread
the reference signal sequence with an orthogonal sequence v,, for pilot and provide pilot
sequences pu(n), €.g., as shown in equation (4). A multiplexer (Mux) 932 may receive
the data sequences from spreader 928 and the pilot sequences from spreader 930 and

may provide each sequence in a proper symbol period, ¢.g., as shown in FIG. 5.



an orthogonal sequence wmfor control data and provide
data sequences zn(n), e.g., as shown in equation (7).
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provide a corresponding detected data sequence. A time despreader 1172 may despread

the detected data sequences for each resource block with the orthogonal sequence w,,

assigned to UE 120 and provide a despread data sequence for that resource block. A



information for the UE. [00123] FIG 12 shows a bl ock
di agram of a design of a receive processor 1260 for
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[00124] FIGS. 11 and 12 show example designs of the processing by Node B 110 for
coding and multiplexing schemes 1 and 3, respectively. Node B 110 may also perform
processing for coding and multiplexing schemes 1 and 3 in other manners.

[00125] FIG. 13 shows a design of a process 1300 for sending control information in
a wireless communication system. Process 1300 may be performed by a UE (as
described below) or by some other entity. The UE may generate control information
comprising ACK information, CQI information, scheduling request information, some
other control information, or a combination thereof (block 1312). The UE may encode

the control information (e.g., jointly encode ACK and CQI information) based on a



may further spread the frequency spread data across

time with an orthogonal sequence to obtain output data
W0 200908g3cont rol i nformation (bl ock 1318). | n BCEUS2008/073054

gesisgn of bl ock 1316, the UE may spread the coded data

across S subcarriers with an ;?point DFT to obtain the

frequency spread data conprising S frequency-donain

synbols for the S subcarriers In one design of block

1318, the UE may ad the S_frequency-domain synbol
Dloekh cpfie t%PPﬁBbs yudiaee 1314 ehbg WH may w4 fergoded data

R e fiehe, RaTe | EaE‘% B B B RSuELTES, TG e U

may fartln:hrfspmaé iic fraqensye spremt datandrosmyimseviste orthognmel sequence

riod. The UE nm r ead ros equenc
Y REn R K B Pszipnitet 28t i To1a8k JAbhn Hipteidgsian of block
i—§316 A BENRLY reXd tHeN® Ll dBRYacsddk @aglb@%ﬁﬁsswhh R J-péist DFT to
and then spread across frequency. [00126] In one

@Ileteungtrhe diequiryk spread date mnmﬂsmys ety -dsoekenoyagolsoor the S

r cesss 1 N framss n
AR AR R R 1 Vs e e Seqyqpoy-domain
WWhltﬁe Sﬂmgofn@lr seq‘@é‘tﬂe AR Dae $)5ta1ﬁ terouthie dela comprising
set the ACK val ue for each HA process to a first

L«awt@@f Stoudppt sxaibgls ek sygbaloperiods e %bdset af §@@HW&! syrabqle may be
fo} 4 E&fe?&g% geqlhgn%%%d& v G {GET Xn? g§ Bolt Qérg)em gél ®E may

e codewor ecoded’in error
gireads atrosd dircqeack ﬁVAR@nr.irt;helespreaﬂhwnogshmuEamyowﬁtm FIG. 13.

the ACK value for each HARQ process to a first val ue
A E?]H&ﬁlasr SRS AT AFarSt A BB HHCATEACERSS feduency.

Pﬂﬁ% COQRWAE dRRsiBh Bf BRERIBI 2CRKNGE tnlla? re@eil & 'cB&jevycﬁ‘héJ ﬁ)r'}fl HARQ

only the first codeword i's decoded rrectly, a fourt
pcesses fn N rqiloyvntlhle selgcong and deayodaderinsng ec dddd value for each HARQ

a fifth | u th d
SRS o e Qe Sotd b i it Ha i brocf Sa AR UGS gy st the ACK
VALOErea SO HRARD Brdde AGK av@lsti@dud BrantR8ohnEMREL S REGS&ES second
to obtain ACK I nformation. I n one design, the UE ma

waue tfithe pciewaad Eﬁedq‘C@ﬂe(b@m’FﬁCF%R@ pihiidesduct ib tl@n@d@fvorﬁ/ is decoded

ossi bl na

PR T YRR PAE Al Tt EROR AbdS D A T By st he
A@‘[@Kfﬂﬁé f@sachMIRXRQ h&%&éss—td a f@g%[ﬂ&)ﬁ bn assgrenddt igTRyt recelved a
send the qutput data for the ACK information in one

Mcapd ivake dfiBpthasrdswondseary) dgeQgad; Gorresting 3 Stk value it %lymle first

gcgae'gzﬁgd Wr:su#@;?{)%}?%r@gy W % 1%3)511@1 h%%@%(ﬁ?&e de@oﬁi s decoded

cdesicdn, af a Afthapperidbath do@@@ofdsrars dadtidag ic omor. o1Fhe UE may either

;Qg'fbvg{hg?]& isoor %@%@ly?% [}E!% 3? zcﬁg a’a at I oﬁ}}, S%é]%& Bygesses to obtain

O EAbrrh oAl MBI bRN de@edTOfb 18E Wsét Q&N allefor cach HARQ
control informati on072% 85

process to one of Q possible values and may jointly code the N ACK values for the N

HARQ processes to obtain Nacxk bits of ACK information, where N, (Iog2 Q¥ )—‘

The UE may send the output data for the ACK information in one of M uplink
subframes. The N downlink subframes and the M uplink subframes may be time
division duplexed, ¢.g., as shown in FIGS. 2B and 3.

[00127] FIG. 14 shows a design of an apparatus 1400 for sending control
information in a wireless communication system. Apparatus 1400 includes a module

1412 to generate control information, a module 1414 to encode the control information
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[00130] FIG. 16 shows a design of an apparatus 1600 for receiving control
information in a wireless communication system. Apparatus 1600 includes a module
1612 to despread received data across time with an orthogonal sequence to obtain time
despread data, a module 1614 to despread the time despread data across frequency with
an IDFT to obtain despread symbols for control information, and a module 1616 to
decode the despread symbols based on a block code to obtain decoded control
information.

[00131] FIG. 17 shows a design of a process 1700 for processing control information
in a wireless communication system. Process 1700 may be performed by a UE, a Node

B, or some other entity. First control information may be processed based on a first
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[00134] In one design of block 1714, the second control information may be

processed by a transmitter as shown in FIG. 10. The transmitter may spread the second
control information across frequency with a DFT to obtain frequency spread data. The
transmitter may then spread the frequency spread data across time with an orthogonal
sequence wy,.

[00135] In another design of block 1714, the second control information may be
processed by a receiver as shown in FIG. 12. The receiver may despread received data
across time with the orthogonal sequence w,, to obtain time despread data. The receiver

may further despread the time despread data across frequency with an IDFT to obtain
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downlink based on the precoding matrix and the at least one modulation and coding
scheme (block 1918).

[00139] In one design, the UE does not send CQI information to the Node B. The
Node B may estimate noise and interference for the uplink based on the sounding
reference signal. The Node B may assume symmetry for the noise and interference for
the downlink and uplink. The Node B may then determine the at least one modulation
and coding scheme based on the precoding matrix and the estimated noise and
interference for the uplink.

[00140] In another design, the UE may send CQI information indicative of channel
quality of the downlink to the Node B. The Node B may estimate noise and

interference for the uplink based on the sounding reference signal. The Node B may
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gualitng iofi ther édverlarkcte thie dvale B.bllmcahotﬁeﬂdéls)gn, the UE may generate and
send CQI information to the Node B. In this design, the Node B may determine
asymmetry of noise and interference for the downlink and uplink based on the CQI
information and the sounding reference signal. The Node B may then determine the at
least one modulation and coding scheme based on the asymmetry.

[00144] FIG. 22 shows a design of an apparatus 2200 for receiving data in a wireless
communication system utilizing TDD. Apparatus 2200 includes a module 2212 to send
a sounding reference signal on the uplink to a Node B, and a module 2214 to receive a
data transmission sent on the downlink by the Node B based on a precoding matrix and
at least one modulation and coding scheme determined by the Node B based on the

sounding reference signal.
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ased on t | reference
096 o 38 RSN AT IR 50 B R Wy B R B pented by
a6 TRIreHe, QEQRRSALE: Wal & ifadidtiesideybicsticlBalopvied] ields or
devi ces, el ectronics conponents, logical circuits,
H%ﬁﬁ@$é§an%€@ﬂbméwxwﬁ@f§ mbi nat i on t her eof . [00146]

imjﬁﬁﬂ OfTh%gé k ki), \éfgﬁ %ﬂhgpﬁjggecwg 2 i @aﬁ&ﬂt 111ustrat1ve logical

ormati on and represented usi
bloclas, viaodwty afcm'ik;f faﬁd eztlgoxmmh rsmlpsugd@smwald irt eabhmomuesth the
For exanpl e, data, structi on

nas
T AR T PP ANE i FrmRigf software, or

Bbingidkf & saredrsd h:‘ieod ghﬂ’l%treft@ %1@ qgfé?ch@ﬁ%&'bil | P ha@Yare and
be represented by volta currents ghetic

weiwess, vagnetllustrétivelcdmponernpsa bidckh ersodudfm cicaiitsf angll sps dirve been

R S
inhpleisibhted 1 endr@Pheabr BOBEAE . dpBRdll Bfon Eid ﬁb&lti%ﬁelar apflication and
al'gorithm steps described in connection wth th

dﬁsm mt’f@nﬁeﬂ@pﬁedmyﬂwmemﬂ wivient etdkidsd artiseny mﬁy ¢mplement the
C}j)\gg nc‘f%fqﬁycg e 38 ir}\l\%fa "Ways %or & %gi?l ngtocq? aSpl*cQt%n but such

trat S nter nge

ﬁmlelmaﬂitetuan dedsibhigalicild viat beUstetprbtddtasadauditg a departure from the
conmponents, bl gcks, nodules, circuits, and steps have
HoBR Ol s PrsRiHisploVE general Iy in terns of their

[OW?%' on@fl \ta)ﬁoug\h dJi]lFa{Wé li'&é'fcgl L{p&gﬁsoﬂﬁld{ﬂteg IR circuits described in

nented as oftware pends upon the
crmnbctmﬂ with ﬁmmmodxmu'ra)hmrandnajd&l igplananstd @ pdrﬁ)rmmpmthd general-

glﬁ‘gg)sheepr%\c/eesrsf)irl, Ia (ﬁgl%gl es?énaﬁllg{rolclesesgr ?ﬁéfs)s %gsapg}a (Yatforr{p slpeecqgQ tintegrated
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.



descri bed functionality in varying ways for each

particul ar application, but such inplenentation
wWa@lewpo28s shoul d not be interpreted as causi NBCEUS2008/073054

departure fromthe scope of the present disclosure.

[00148] The various illust rat§'3ve | ogi cal bl ocks,

nodul es, and circuits describéd in connection with the

di scl osure herein may be inplemented or perfornmed wth

a gener al pur pose processor a d| it signal processor
t‘lﬁgﬁ‘}l, dicapipPy CAtd @Pt%@e@rfqlsorrt 3?%{1@@# dpreqpgction with the

&Aﬁbgre hérefd & m‘rgb? Eﬂgoﬁmgbﬁly&ﬁth%r 4r@%n @Fgﬁhre%odule executed
ot progra ogi ¢ device screte gate or
by ansbstseor, bogi e,codibswtion e@ftbe twar e Aocoferent®dulermagnyeside in

i nation_thereof designed to the f
RAIR i naiy kg drQPE R mops S S etgr PR GV memory,
Plofk QR HAFESSIONa reR8latl @ disRex @DLRONA I ¥Ry oﬂlelefo@mrf%ﬁﬁ&ge medium
may be any conventi onal processor controller,
kiovobotheras) | An cxenplatyatteraga otediven lwqmlpteoetssbﬁr plrmyssor such that
conbi atr
WI‘I

@18\})1'%06§SOI' ggn I'en% 1nf% n%%hna{r?m an

i GE QREQEESS oke stara@b i cRlivirh yna@fbemnﬁergm lt@ &%Spiﬁééssoro MEheQirocessor
nore mcr oprocessors in conj unction with DSP cor e,

tiid Hheystetage rmedien Panfreudy 4 art |a@rA%1ﬁzo§élesoS{Comaazgresrﬂﬁem a user
f
RRARR I HITHERTE, BLIRLLIP AEP e oM RIRE Rk Oihide s

Hﬁamwajomponmtansamﬁiemmmmmhdul e executed by a

sSsaQr, in a conbination of the two. A's
Fiods0ie r}ayoreesqrdgl% meﬂ?é}‘m?%?lgnﬁr 4% fHRTHY 3@@1@? d may be
fﬁ%r@r‘}lé{ntegpﬁ%m Y soffeklt Mrm Yor 289! §(§rﬁﬁ1ﬁat1&f”tgereof If

di'sk, a renovabl e di sk, a CD-ROM “or any other form of
smdclagraedmd saftwdnothe firetivhemay the stved Re wp franymiste d oagreas one or

RGP B8 O o DmR SRR PG IS rsdabte meci
inRfuE$TBéth @BmpBter §idLugS trﬂgd?egﬁldr@ﬂhrﬁﬁﬁlcdtfbntrﬂ&ha including any medium
alternative, the storage nediummy be integral to the

ﬁlﬂbﬁe@sls@ips trarh%ferprfo@ és@outeop@gtm o pagelasedr anethery A storage

dOI[IrPO thd gcorage medium.

n
er m n%}’ B %n ICDIF g hﬁ%at can aec%%srsgcg ‘té & n&glgplrtﬂose or special
pﬁx@b@geormadem mByayay ©$ le@lempls dns cnbehmlraﬁamomant@mpmea-readable

user termnal . 00150] In_one or exe

lary . ,
Hediegiig, copmEise FreYl dEEEROMEAC Pa%OMe of gﬁreé RBti¢ad dlisknstorage,
AL OMRT sk SOTabWAE Sthef by PR Sstordbe 8WMe&OTPINAlth& medium that

H‘hg eof . Slﬁ %Ct ta I errer?t e Q?lﬂ%cso? %\ra “The é nct 9[2[%63 lurny ot can
beustao edrrpor atoret cteam&hpttogﬁa:dn oo@rmoeslsomdlecﬁ)mrf @nstructions or data
i nstructipns ode on 43,50 ?r-readable nqdrum

g%?nq? glgagzm C Resgigd by a'g nera -purpose or special-purpose computer,
or a general-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.



i ncl udes both conputer storage nedia and comruni cation

medi a i ncluding any nediumthat facilitates transfer
wW®£009/02338put er program from one pl ace to anot hBCT/US008/073054

grosSage nmedi a may be any avail abl e nedia that can be
accessed by a general pur pose; or speci al purpose

conputer. By way of exanple, and not |imtation, such
conmput er -r eadabl e nedi a can conpri se RAM ROM EEPROV

CD- ROM or ofher optical disk storage, magnetic disk
SPBPHGHORY Oétﬂrf‘eﬁb%gﬂ@vldc alsp d%eaﬁ’éﬁ’g]é@i"& n tge sgeRe of computer-
g%@gﬁegﬁghyn1that can be used to carry or store

esired program code neans in the formof instructions
{0188t a Bierpretionsedesanptidrheff the aimchwurcis essadedotp @able any person

eneral - purpose or speci al.- purpose conputer, or a :
eliet iy B o qukeior Bt A sl oSG ceiigationy Bhe disclosure
Y b€ QMG dpPRreh S tPIHORESkiMed & R MHAMTRY oBARerTE 185 defined
medi um FOr exanple, if the software is transmitte

heroim maybbepnlicd toathasrvarigtionstwighout depstreng fomctle wpiri @r acope of
%i%gﬁ%cglsugeggig S Ec)llleefgilrs?lﬁgutr% %Sﬁ(%,blln’%pdmoﬁeggrsnﬁ% "o the examples and
i8ehnRalpgiRg Isuteih ®s ik nd mar fdordeddh® widdrd sbbrer @Mt with the
then the coaxial cable, fiber optic cable, tw sted
prangiplepmid nayiel {gpiugeselisclesed hpisiogi es such as infrared,

radi o, and microwave are included in the definition of

medi um Di sk and di sc, as used herein, includes

[0dnp2ict WIEEKT (COLAIMEBrISdi sc, optical disc, digital
versatile disc (DVD), floppy disk and blu-ray disc

where di sks usually reproduce data magnetically, while

di scs reproduce data optically with | asers. 072085 34

Conbi nations of the above should al so be included

Wi thin the scope of conputerreadabl e nedia. [00151]

The previous description of the disclosure is provided

to enable any person skilled in the art to nake or use

the disclosure. Various nodifications to the

di sclosure will be readily apparent to those skilled

in the art, and the generic principles defined herein

may be applied to other variations wthout departing
fromthe spirit or scope of the disclosure. Thus, the

di sclosure is not intended to be limted to the

exanpl es and desi gns descri bed herein but is to be

accorded the w dest scope consistent with the

princi pl es and novel features disclosed herein.

[00152] WHAT IS CLAIMED I S: 072085 35 CLAI MS




1. A nethod of sending control information in a
W rel ess communi cati on system conprising: spreading

W@ 2099024730 nf or mat i on across frequency w th a dPGELDS1088/073054
¢@BosSi er transform (DFT) to obtain frequency spread
data; and spreading the freqqﬁpcy spread data across
time with an orthogonal sequerice to obtain output data
for the control information. 2. The nethod of claiml,
wherein the spreading the control information across
frequency conprises spreadchfAIM® control infornation
across S subcarriers with an S-point DFT to obtain the
frequency spread data conprising S frequency-donain
synmbol s fop fhB@od o‘ft!;bﬁcﬁﬁg IcBhtPol IWRRRRBLISH P a G BALR cdnllAthication
one. 3. The nethod of claim2, wherein the spreading
systent, cegpoiniog: spread data across time conprlses

spreadi ng..t he enc - domain

Pt hosuitdContiol BRI SR e ¥ Ep Rt o itederh i Bpigr transform
@3B 16 QBRI FEq@nty §8ES& @fta;@n@Ut put synbol s for L

synbol periods, where L |s(§reater than_one. 4. The

met hotprexding ticfreguenayrsprrad detimsrossithie with @8 @rihgeerté sequence to
&&g%&%ﬁn#ﬁ&g&g@%mggmpﬁ%ggﬁga(%7block code to obtain
coae a e

ereint spreadlng the contro
i nformati on across frequency conprises spreadi ng the
coded_dat a ﬁcross frequency to obtain the frequenc

spr eatt dat ahe gethggeo {sl}lilg)d sthergnyithe gpre%%g( thencqniy; meorrnanon
5&8§srf?é bﬁ‘d‘ é ris@@ sﬁ@&ﬂ?ﬁ ﬁ%%oﬁ%ﬂﬂ%rﬁﬁﬂ@ﬂﬁ%ss( @%camers with

I nf orna channel ality 1 ndicator

am Seramett DETE totd’o@améheh tﬁdqlﬁemcy rsereadcﬁmm c@npugsmg Sl friequency-domain
enqgﬁigﬁttq§ ACK lnfornat on and i nformati on

BARP PR B S B PR e a, and

wherein the spreading the control i nformati on across
frequency conpri ses spreadi ng the coded data across

frequéncy The oisthedrofickeamss, édl@émyhesm@dmgd@@ areqrarggspread data
%per?ss ‘urilré:1 %orrﬁs}lse%ds eadlg\ll]gqhnklfre e?(fe\( rrnacﬁtol 1 NQith tlhe or?thogonal

ermning an a enen vaI or eacC

N qayrel of leatgth:)m bbtainetpe atitpuEgHi€ SEmfArR). SEJIE @€ 8%GSut symbols for
where N is greater t han one; and generating ACK
[ wymbalkisriofs pessaL dneikptacthag httes for the N HARQ

4. The method of claim 1, further comprising;:
encoding the control information based on a block code to obtain coded data,
and wherein the spreading the control information across frequency comprises

spreading the coded data across frequency to obtain the frequency spread data.

5. The method of claim 1, wherein the control information comprises
acknowledgement (ACK) information and channel quality indicator (CQI) information,
the method further comprising;:

jointly encoding the ACK information and the CQI information based on a block
code to obtain coded data, and wherein the spreading the control information across
frequency comprises spreading the coded data across frequency to obtain the frequency

spread data.



processes, wherein the control information conprises

the ACK information. 7. The nethod of claim6, wherein
W bwgzaTer ati ng the ACK i nformati on conpri ses POI/H$1098/073054

¢@oiSng the N ACK val ues for the N HARQ processes to

obtain the ACK infornation. 83 The met hod of claim6,

wherein the determ ning the ACK val ue for each HARQ

process conprises setting the ACK val ue for each HARQ

process to_one of Q possible values, where Qis

great &r t hahe Bisthod phglaiiRdr Birthet sRMpfiSE ati ng the ACK

i nfor WoTal [ ' [ t :
to b RABR b T A B b SN pHE Rutomati
NACK request (GBBR QN\profesaesd wheie Mengtasr thae end;iand

operator. 9. nmet hod.of claim6 ein on

e Qs MK (BTG & ARG pFOSs B heaNg HARQ
WRBERES) WhRi\EK cBatrélanfoRha®@tEbnTARE HeQCER SnfofmSfin. t O

a first value if an assignnment i's not received, to a

second value if the codeword is decoded correctly, or

to a thirdyyvalue if the.caodeword is decoded in [ .
10 “tho. et Ko Sroc ok P i Ep B FERUER, b R formation
&ﬁg@‘i@ﬁ fsingy @osiaptthd B AERChaloés fdrehdNHARR @ Hekesses o obtain the
and wherein the ACK val ue for each HARQ process is set
AGKainformgtiog.g) ye i f an assignment is not received, to

a second value if the first and second codewords are
decoded correctly, to a third value if only the first
codewsr d i $heleeodddf ctuimes tthyrein thealcteomirtihg tal AEKivialue for cach

only the second.codeword i s decqded correctly, or to a
HARQ, PYRSPEReCOIRPTERR SFIPS { R GRoEler, ré‘aal_éﬂ%é Papgess fo onc of Q
pasptedaiubs arRQE -Q 1 orchbe 1B RAd a4 9]{1}1@1‘6{'\1'1 ElIAeR%é{feHﬂﬁg the ACK

conprising: receiving codewords for the
pfovesisr somprisesdmmtlyi pddisgiifa NmaEK anldes andbtagn Naex bits for the
out put data in one of Muplink subframes, wherein the

Ncrombridakios ubd-anes. arleh 4 g(gzﬂs Ul | 1 geisotdf 4 QTR G Bator
oa o

time division duplexed.O 7 12. The ne
claim1l, wherein the control information conprises
acknow edgenent (ACK) information, or channel qualit

i ndi cdt or  Temethod il o Grivhesein e isodgarord g sedifor cach of the N
%I%{% ﬁ?i{g‘g%@%nallﬁ'w&@eiﬁgf?@k@w ?aIFIQ ?or}’\éarcﬁ lﬂaﬁﬁg Cprocess 1S set to a first

conprising: a eas one pr essor
cadnd ifgar edignmeapieact eositedlto iandeosmtalod ifathe asdeword is decoded

frequency with a discrete Fourier transform (DFT) to
%f%ﬂﬁ, 9&%&&@%%@%&%@3@?5 ‘érﬁiﬁc‘i‘{?gélb P&

10. The method of claim 6, wherein first and second codewords are sent for
cach of the N HARQ processes, and wherein the ACK value for each HARQ process is
set to a first value if an assignment is not received, to a second value if the first and
second codewords are decoded correctly, to a third value if only the first codeword is
decoded correctly, to a fourth value if only the second codeword is decoded correctly, or

to a fifth value if the first and second codewords are decoded in error.

11. The method of claim 6, further comprising:
receiving codewords for the N HARQ processes in N downlink subframes; and
sending the output data in one of M uplink subframes, wherein the N downlink

subframes and the M uplink subframes are time division duplexed.



the frequency spread data across tine wth an
ort hogonal sequence to obtain output data for the
wW@209v/024730 nf or mat i on. 14. The apparatus of cl apPem/S2008/073054
(hesSein the at | east one processor is configured to
spread the control informati across S subcarriers
wWth an S-point DFT to obtain the frequency spread
data conprising S frequency-domain synbols for the S
subcarriers, where Sis greater than one. 15. The
apparatus of claim 13, wherein the at | east one
procegsor i ] eqd.: d L, : : :
Bcknon edgorente (AR SaE d” Rerrghofeofonipol pfermation comprise
ackinowhddgemegp@diK r mforestiof, HARQanm! auieBtyeisdicaoe KEQN ingormation,
reater fha e,. and. to generate ACK i nformation
%&@g%S%H{ﬂP Eﬁ?ygpﬁﬁgmpor the N HARQ processes, and
wherein the control information conprises the ACK
information. 16. The apparatus of claim 15, wherein
t he al3. eadn apparaiys dorexisdessicompmmnii¢agion expmpisingi nt | y
code ttnga ’t\I I'i“CKovaslsuego tﬁo Ptgittaisnr Lhe I'f“t%ii nt‘r%rtﬁmnteilc?ns's frequenc
17. THeSRHBAY BT BF S EMFRI1B SPIRAG FRI T Ot qPeedyss frequency
@B adiSG s TRuribStra3drhOWIED th dbELE GlcyeenePdpivad dstaf &1d to spread
t he N HARQ processes in N downlink subfranes, and to
tedepapeney dotgeddadacesp Hmseithan srthggonplscqugsce snpkfain output data
el i nk subfranes and the M uplink
ﬁ%g%?%ﬁgéhgge ?ﬁ@'division dupl exed. 18. An apparat us
for a wirel ess conmunication system conprising: 072085
38 neans fgr spreadi ng.contr qfonna I On Aacross

i .
requbhoy W% HPRANSCPeEBRous SMCRIBE ol oBEeye mocessor is

Al P df 6 &AHEAGNe SEHHRAG Bfth&ion?RYTBAAD cLiPferSRItE I Point DFT
the Trequency spread data across tine wth an

or ottaigcha fregeapor spead dateloaipnismgt $ freqekace-dborint fyambols for the S

control inforgmation. 19. The apparatus of claim 18,
SRR PRE LRSS DT Eadi gt ho. cont o

i nformati on across frequency conprises neans for
spreadi ng the control information across S subcarriers '
with &h S-Pbe¢ rappoRtpst of shtimi A3t Rdictaiedhenttylogfr eagl processor is

ising. S f d ' l,s f .
SRR LD HLMIIEA] RARKIOOR, 67 (P oP o

appanad uspeal reduebtm HAR Q) Usrobskese aviipid N g grémanthahosne, and to
determ ning an acknow edgenent (ACK) val ue for each of
BENSAS? iA°K information based on N ACK valucs for the N HARQ processes, and

wherein the control information comprises the ACK information.

16. The apparatus of claim 15, wherein the at least one processor is

configured to jointly code the N ACK values to obtain the ACK information.

17. The apparatus of claim 15, wherein the at least one processor is
configured to receive codewords for the N HARQ processes in N downlink subframes,
and to send the output data in one of M uplink subframes, wherein the N downlink

subframes and the M uplink subframes are time division duplexed.

18. An apparatus for a wireless communication system, comprising:



automati c repeat request (HARQ processes, where Nis
greater than one; and neans for generating ACK

WO pfoonraast on based on N ACK val ues for the N HARQUS2008/073054

proesses, wherein the control information conprises
the ACK information. 21. The par atus of claim 20,
wherein the neans for generating the ACK i nformati on
conprises neans for jointly coding the N ACK val ues to
ngghgpgﬁsgfgég}%éqq%éonn?oi Ogmn Zaélpn{é\érgggggélee%%yv raadrlr;crete Fourier
GAREHPDI) (6 BB RlqueALPl b dad: R ONe computer to
sprea ontro t|o across frequency with a
di screkcensFouspending dns ﬁeqmnn@j‘z)l@@ead cdabicaoss timeguthranyorthogonal
spread da a and code r causi.ng the at |east one
eBhieas SbBiSRaud e M sGReR)ReirBal dara acr oss
time with an orthogonal sequence to obtain output data
for the control information. 23. A nethod of receiving
cont rd?. i nThe apparans phclainl Bewbersincthameaans &t preading the control
P o FRBRG RO CrRaioen i SEL AT ER s BL ol Firmarion
s)@sw sagdustatriirs avich d@sBreact MFT he dutad des nremcgagpaead data
acr oss frequency with an inverse discrete Fourier
SOBPIETIRE hTTapeRy-dasnash s gnholy daipthe aysuby asisrss where S is greater than
“ﬁ ntrol information. 24. The nethod of claim 23,
erein the despreading the tinme despread data across
frequency conprises despreading the time despread data
acros S suﬁ%arrlers n S—p0|nt I.DFT to obtain S
despr %d syRpImeratyy Céal@ fythea CRPPEHAE one. 25. The
et hog,.0fs Bk ﬁbt@hﬁﬁmgf MI SEbwERBPhER AT K) S8GOR R BEN hybrid
despread synbol s based on a bl 6ck code to obtain
decodedrepoattreqlest (AR @hpriooesses 8heithe ingtitodtharh ond; andn

(ACK) PG GCBLER BPKNATB " e GhaDi § Rpesfioc for the N

HARE® ?focéﬁﬂ@ﬁ@he%@ RS DAFoLARRHaBS EAMBpERS FIceRAK information.
synbol s where N is greater

21. The apparatus of claim 20, wherein the means for generating the ACK
information comprises means for jointly coding the N ACK values to obtain the ACK

information.

22. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to spread control information
across frequency with a discrete Fourier transform (DFT) to obtain frequency spread
data, and
code for causing the at least one computer to spread the frequency spread
data across time with an orthogonal sequence to obtain output data for the control

information.

23. A method of receiving control information in a wireless communication

system, comprising:



than one. 27. The nethod of claim 26, further
conprising: sending codewords for the N HARQ processes
WO poodozBIg| | nk subframes; and obtai ning the reR&I/USH08/073054
gdat® in one of Muplink subframes, wherein the N
downl i nk subfranmes and the Myplink subframes are tine
di vi si on dupl exed. 28. The nethod of claim 23, wherein
the control information conprises acknow edgenent
(ACK) i nformation, or channel quality indicator (CQ) i
i nf or AesPreaAnegiecBich dxercksy tioey Withs ¥y REbegsmal segluengs to obtain
ﬁH@%%ﬂﬁ&ﬁhL&faﬂﬁreless conmuni cation, conprising: at
east one processor configured to despread received
dat a despusdingi the timd Hespreadr ddtogoosd frsegmenceatht en ainteasendiscrete

i e desprea a, and to desprea he ti espr.ead
o iergeen 3 Bl dp it Rvats b apetian DRt or
transform (I DFT) to obtain despread synbols for

control information. 072085 40 30. The apparatus of
cl ai 229, Whemsthedtdfelaam 23eaderconthcgicsryeasking thegime despread data

configured to despread the ti despread ,data_across .
ERa P ERS Sp R Rt R A OB BT Sy oarier
SARAISSpoi MBI 15 dbaif) BeidE@Ead fyaiboly)&helS is Hh€ater than one.

apparatus of claim?29, wherein the at | east one
processor is configured to determ ne an

acknowt edg hye ﬁggq- .N hybrid
auton%%ic ?gggégﬁﬁggﬁgéﬁng&$g§rpr cgﬁg%s based on the
despr éaddsigrthe Hsspread aymbbdlsitasgr @i block kade onshtaid Aecodae control
apparatus of claim 31, wherein the at |east one
Br is configured to send codewords for the N
HARQ processes in N downlink subfranes, and to obtain
the received data in one of Muplink subfranes,
wher e2f t h€hdmdthard loif nleirs 3Bf fuathreisccamutisilge M upl i nk

subfr s.are ti di vi,si on xed. 33. A od for :
i r el 98 B ke Bl St AL s B sadh AoNBPef Hutomati
£pBitrRludsn {IPARE)) i RBcRASEFhs@NoR thd B&hra@diyRBoRN&here N is greater
mul ti plexi ng schene utilizing code division
tanonel exi ng in both tine domain and frequency domai n;
and processing second control information based on a
second codi ng and

27. The method of claim 26, further comprising:

sending codewords for the N HARQ processes in N downlink subframes; and
obtaining the received data in one of M uplink subframes, wherein the N

downlink subframes and the M uplink subframes are time division duplexed.

28. The method of claim 23, wherein the control information comprises
acknowledgement (ACK) information, or channel quality indicator (CQI) information,

or both ACK and CQI information.

29.  An apparatus for wireless communication, comprising:

at least one processor configured to despread received data across time with an
orthogonal sequence to obtain time despread data, and to despread the time despread
data across frequency with an inverse discrete Fourier transform (IDFT) to obtain

despread symbols for control information.
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processing second control information based on a second coding and
multiplexing scheme utilizing code division multiplexing in the time domain and

spreading in the frequency domain.

34. The method of claim 33, wherein for the first coding and multiplexing
scheme, the code division multiplexing in the time domain is achieved by spreading
across time with an orthogonal sequence, and the code division multiplexing in the

frequency domain is achieved with different cyclic shifts of a reference signal sequence.

35.  The method of claim 33, wherein for the second coding and multiplexing
scheme, the code division multiplexing in the time domain is achieved by spreading
across time with an orthogonal sequence, and the spreading in the frequency domain is

achieved with a discrete Fourier transform (DFT).
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recovering the first control information based on the correlation results.

39.  The method of claim 33, wherein the processing the second control
information based on the second coding and multiplexing scheme comprises

despreading received data across time with an orthogonal sequence to obtain
time despread data,

despreading the time despread data across frequency with an inverse discrete
Fourier transform (IDFT) to obtain frequency despread data, and

recovering the second control information based on the frequency despread data.
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SEREHRIPHEBd on the soundi ng reference signal; and
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configured to generate a modulation symbol based on the first control information, to
modulate a reference signal sequence with the modulation symbol to obtain a modulated
reference signal sequence, and to spread the modulated reference signal sequence across

time with an orthogonal sequence.

44, The apparatus of claim 42, wherein the at least one processor is
configured to spread the second control information across frequency with a discrete
Fourier transform (DFT) to obtain frequency spread data, and to spread the frequency

spread data across time with an orthogonal sequence.

45. The apparatus of claim 42, wherein the at least one processor is
configured to despread received data across time with an orthogonal sequence to obtain

time despread data, to correlate the time despread data with a reference signal sequence
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receiving channel quality indicator (CQI) information indicative of channel
quality of the downlink;

estimating noise and interference for the uplink based on the sounding reference
signal;

determining asymmetry of noise and interference for the downlink and the
uplink based on the CQI information and the estimated noise and interference for the
uplink; and

estimating noise and interference for the downlink based on the estimated noise
and interference for the uplink and the asymmetry, wherein the at least one modulation
and coding scheme is determined based on the estimated noise and interference for the

downlink.
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5 The apparatus of claim™ 49, wherein the at least one processor is

configured to receive channel quality indicator (CQI) information indicative of channel
quality of the downlink, to estimate noise and interference for the uplink based on the
sounding reference signal, to determine asymmetry of noise and interference for the
downlink and the uplink based on the CQI information and the estimated noise and
interference for the uplink, to estimate noise and interference for the downlink based on
the estimated noise and interference for the uplink and the asymmetry, and to determine

the at least one modulation and coding scheme based on the estimated noise and

interference for the downlink.

51. A method of receiving data in a wireless communication system utilizing
time division duplexing (TDD), comprising:

sending a sounding reference signal on uplink; and

receiving a data transmission sent on downlink by a Node B based on a
precoding matrix and at least one modulation and coding scheme determined by the

Node B based on the sounding reference signal.

52. The method of claim 51, further comprising:

generating channel quality indicator (CQI) information indicative of channel
quality of the downlink; and

sending the CQI information to the Node B, wherein the at least one modulation
and coding scheme is determined by the Node B based further on asymmetry of noise

and interference for the downlink and the uplink, and wherein the asymmetry is
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determined by the Node B based on the CQI information and the sounding reference

signal.

53. An apparatus for a wireless communication system utilizing time
division duplexing (TDD), comprising:

at least one processor configured to send a sounding reference signal on uplink,
and to receive a data transmission sent on downlink by a Node B based on a precoding
matrix and at least one modulation and coding scheme determined by the Node B based

on the sounding reference signal.

54. The apparatus of claim 53, wherein the at least one processor is
configured to generate channel quality indicator (CQI) information indicative of channel
quality of the downlink, and to send the CQI information to the Node B, wherein the at
least one modulation and coding scheme is determined by the Node B based further on
asymmetry of noise and interference for the downlink and the uplink, and wherein the
asymmetry is determined by the Node B based on the CQI information and the sounding

reference signal.



