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002 e present disclosure relates generally to communication, and more

specifically to techniques for sending control information in a wireless communication

system.

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 sclect a rate
based on the CQI information and may send traffic data at the selected rate to the UE.
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traffic data received fromthe Node B. The Node B may determ ne
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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



BRI EF DESCRI PTI ON OF THE DRAW NGS [0010]FIG 1 shows a w rel ess
comuni cation system [O0011]FI G 2A shows an exanple franme structure

for a TDD 0012]FIG 2B shows an N M confi guratj
TDD syst enﬁ%@%@@ﬁﬁ G 3 shows exanpl e transm ssions O%b?@gﬁoﬁ%&ﬁ?ﬁnk
and upl i nk. 141FIG 4 shows a transm ssion structure for the

uplink. [0015] FIG 5 shows an exanple sBructure for codi ng and

mul tipl exi ng schene 1. [0016] FIG 6 shows an exanple structure for
codi ng and multiplexing scheme 2. [0017]FIG 7 shows an exanple
structure fdespeadidag, andelalthd pineXdesygemicdreareit8. th @Fdi8hdel GEnad ssjuons ta

bl ock diagram of a Node B and a UE. [0019]Fl G hows a.transmt

b ocessor f QPR BHURIAATHN 198 ePHET S g S phasByeen’ Goetiutea
transmt pregesswh rkaltscodi ng and nul ti pl exi ng schenme 3. 10021] FI G
11 shows a receive processor for coding and nultiplexing schenme |.
100221FI G 1008hondn gne designy thegrageaisishmay Greade diengeamrontipk infmastiangto
schene 3. [QP2RI Edded duth, SHAYE e REASE BSta | RFosS SRALARY COMM ODFT to obtain

information. [0024] FIG '14 shows an apparatus for séendi ng control
i nf or mat i on fref@O2H piFPE daid aghepvsacathpfsqesnsy fpread date parpssgircowith @lsecond
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i nf or mati on.
time with the second orthogonal sequence to obtain time despread data, despread the

time despread data across frequency with an inverse DFT (IDFT) to obtain frequency
despread data, and decode the frequency despread data to recover the second control
mformation.

[0009] Various aspects and features of the disclosure are described in further detail

below.,

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a wircless communication system.

[0011] FIG. 2A shows an example frame structure for a TDD system,

[0012] FIG. 2B shows an N:M configuration for the TDD system.

[0013] FIG. 3 shows cxample transmissions on the downlink and uplink.

[0014) FIG. 4 shows a transmission structure for the uplink.

[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.
10021] 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.

[0925] FIG. 15 shows a process for receiving control information.

[0026] FIG. 16 shows an apparatus for receiving control information.
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process for processing control information. [0028] FIG 18 shows an
appar at us for I’OCGSSI ng control information. [0029]Fl a
process f &Y %‘?ﬁ data in a TDD system [0030]FI G Z&Eﬁg@g@ﬁ%‘
apparatus f Sending data in a TDD system [0031]FIG 21 shows a
process for receiving data in a TDD sys#tem [0032]FI G 22 shows an

apparatus for receiving data in a TDD system DETAILED DESCRI PTI ON
[0033] The techni ques described herein may be used for various

wi rel ess co[gmnj CaF[(Gnl?SsMSi/eﬁfpro‘éwsfﬂore}ﬁo cohbPinfdriahvfon. OFDIVA,
SC- FDVA and_ot e The terns sten and "networ k"™ are often
used inter cH¥4 ‘ "‘%W@ﬁibrfﬁﬁ/ﬁ/m%ﬂwm fIFEECT echnol ogy

such as Uni m&\%il F@Gr@%@lw% B@SBS%A%E&ﬁ%da&MDD% §83000, etc.
UTRA i ncl udes deband E\CDI\/A and her variants of CDVA.

cdma2000 colldde] |5F2©01§l shpgs %almﬂ@msa°maﬂsed1§géﬁam@IEDDﬁsyatm system

may i npl eme 3?] %}@ %%%@%ﬂ%es%%ﬂe@e%% QQ?inaSY bsudAr 'Vbb' le

Contruni catl ystem nay eman ara

t echnol ogy Hlﬂéh] as FIEv ol 2whdwi AR pla &msm)eg:emihg d&a MbhTDP @stemdband
(UMB), |EEE 802.11 (W-Fi), |EEE 802.16 (W MAX), |EEE 802. 20,

Fl ash-OFDMr), etc. UTRA and E-UTRA are part of Universal Mbile

Tel ecommuni cati on System ( UMBRITABGED bISCTaPTIEYN! ution (LTE) is an
upcom ng rel ease of UMIS that uses E-TJTRA, which enpl oys OFDVA on

t he downl i nK033d SCThEDihroques héesupbddnlhereiﬁr RAay EbeUTIRA] fuvrl'@riousTEviaaicbs
GSM are described i.n docurrent

Gener ati on %P?H%lf%tf?flpqylgtcgﬁség M %@gzﬁ@%n@ﬁ% (?%BMA and
descri bed i sthdogunmit smertamSamymrg’aamatetmkﬁafmﬂ n3isel Dedeaagdadbly. A
Partnership Project 2" (3GPP2). For cIa ty, certain. asp

t echni ques COM sHiprn %%GHFBFMLG@C B FEn e L RivRBRD ﬁiﬂqsglahﬁiéﬁ
in much of W&@es@?@?ﬁh?tdc@ﬁZW % [0R34 khGes Wvigdhams CHNM I(YV@IBIA) and
communi cati on system be an LTE S}/stem stem 100 ma

i nclude a noWperarsntsNGdDMA. 1&@11#9 0 gevesy IndRoikOennd 13-830 standigtie
may be a fixef; gl %&8%@/‘%@9@%%@% 8‘1'8%}‘ stidias Gi3pd sﬁ%&yfo?'l\%hi@e

referred to as an” evo se station, an acc
poi nt, etc. OdEmuhE@tlijSM)dlﬁsp@FEh’m sﬁtanuglhpunpltm@tmdlemchamidgseamh

UE may be sta na U r S
nobi | e st at i"?)h qg ‘{éF‘%ﬁn@BTg‘ﬁ) @&%54 r&ap/r Oﬁ(g)l gﬁﬁ% fE2E 4. 3%h-ri),
2009/ 023730 RCHE §6200 SWIMACS ATEFH2 0852 R mhmM@r ettNi WTRA £t H-UGRA are
etc. A UE nay be a cellular phone, a personal ital assistant

(PDA), a wi P&t &fsUniseieah Mabilg F@PW@%WW%@E% Ubd)-c 3GRP hapginsrs
device, a | gRbRReSAMEYLE N ufcdhdkESRe BROMRES Blfuses E-UTRA, which employs

OFDMA on the downlink and SC-FDMA on the uplink, UTRA, E-UTRA, UMTS,
LTE and GSM are described in documents from an organization named “3rd Generation
Partnership Project” (3GPP). ¢cdma2000 and UMB are described in documents from an
organization named “3rd Generation Partnership Project 2 (3GPP2). For clarity,
certain aspects of the techniques are described below for LTE, and L'TE terminology is
used in much of the description below.

[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



[ 0035] The system may utilize tinme division duplexing (TDD). For TDD,
t he downl i nk and uplink share the sane frequency channel, which may
be used for the downlink sone of the tinme and for the I 3
ot her ti r’réy%fz Bg%ﬁ’@l G 2A shows an exanple franme struc?g%@g%gggﬁét
may be used ' f a TDD system The transmission tineline may be
partitioned into units of radio franmes. 5SEach radio frame nmay have a
predeterm ned duration (e.g., 10 mlliseconds (ns)) and may be
partitioned into 10 subframes with indices of 0 through 9. LTE
supports nukibsgliter dowyal station, 4. | ARERBY b@u télul@pioneSu békarbdiglalandstint
may be used for the.downlink (DL), and subframe 2 may be used for .the
upl i nk (UL) (HI%): A rvkra%%moawuM*ﬁﬂiﬁ%ﬁﬂf@ﬁ?%ﬁbﬁw%@#mﬁ@@ vicg, a

7, 8 and 9 MRYopeeHule a%ﬁgesggﬁoﬁeb@m_doml i nk or uplink dependi ng on
t he downl i nk-uplink configuration. Subframe 1 may include three

speci al fi elSStonpgdsenston mavowis hikepiivistont dupexans{TRPRWP Ty TIRD, the
, ! , . ! T
guara peri 090‘.(/%%1;&% %@n\%’ﬁéﬂgﬂe' tjﬂg stln{a ﬁfreggénrsgg C%LI 1 (VH'H @ay b%u%feﬁ 0B 1R

may i ncl ude on or al ecl al ’fields, "or
downl i nk suldbwalirk stepei dierigneomdtfhiethe opiniki soknewter ikneconf i gur ati on.
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synbol periods for a normal cyclic prefix. Franme structure 200.is
descri bed i FROGPENY BaYGavd pregefermipedlurgtpg)(¢-8o T prilisscsnds (wﬁrﬂééﬁwe

Radi 0 AccespaliEatdiRie 1PNBEGRls GRNAGES and dveda at i m"sumr@hnhﬁﬁm
publicly available. [0038] FIG 2B shows an N.M configuration for the
downl i nk andowplinkwplink comégurations ySybdipmer8and faay byusshipr thgdawnieek (L)

downl i nk-uplj l.e 1| i f o :
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N may or maypubidimdsel,dgiiad and? MayAssinbetsed fontht hewdlovindr upkinka ddpanping mia
exi sts when N i,s not equal to M .Subf s wth special fields.ar

ot “shown 1 Hhecrer - SR rapBErEiol SRECRE I T TIPSy S ey Be
be SUppor t ock T 5009 0231 30PCT | USZ00B 1073054 072000 60 NN K
e supported: ) .
confi gur at i GHOLLIRE HBWHPH%)-sg%h%r magy &n ltsirwoawé-%e Bxﬁ’m%um ?ll\mﬂtbree special
subframes, whekeorN @hnAfdsd¥ihme HOQAATA JHEnIRYyPRRILBE S ddhliBuration.

di sconti nuous reception (DRX) node in which the UE does not receive

Pl downl i nk (82331 r arfash isubfeamstibefospt yskd €3l thnipceipk fiddds map beparitgnadHate
ffectivel t e P1) i {qur:ati qn. i
CE' ey ooy ARBSE B0 ARV RN SaRtARUIB O ALAR KELke e

the HE does cRRhddd @rEdiprefRNoP?) HP| dyftbob BBidda NBs ai Mdr@@CEyclic prefix. Frame
downl i nk-uplink cycle. The TIE may then effectively operate in an

N: (M P2) confrigumed00on desthibedUl IQRP &P $6.20 pesntitled { AvdbeadnUniversadxriastral
DTX nodes i i gh t he S 510 Lve P1 ly i 55 a '
does not t rg{r?\sa% fCA “Gn° F@ Hﬁﬁﬁgkpfgyﬁﬂ gﬁr%g%ne:?sn aré%%x\éc}l(})%}v’{q& i n%ﬁ {fiﬁl gﬁiub%g
cycle. The Ukaitmdie.t hen effectively operate in an (N-Pl): (M P2)

con i our 2t Qo AR SO0 BT e Ao ol A e
[00411The syiEgysiaY. BRRONIM AR durdtiRh, S HREIRR-uplek SR intnles M dDWEeKB
subframes 1 through N followed by M uplink subframes | through M. In general,
N=>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:

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

where M >1.



may send a transm ssion for a codeword to a TIE and may send one or
nore additional transm ssions until the codeword is decoded correctly
by the TI maxi mum nunber of transm ssions has or
sone ot herI€v 9%095%2 % on condition is encountered. HARQ ma PB’B’%EN&S‘%D“
reliability of data transm ssion. [0042]FIG 3 shows exarrpl e downl i nk
transmi ssions by a Node B and exanple uplink transmissions by a TIE
in the TDD system The UE may periodically estimte the downlink
channel quality for the Node B and may send CQ information on a CQ
channel to the Nege &nfifhatidlode B dmdyhlink esubliemed aré nfodowat ibgn Mangliak
other information to sch duI the TIE for downlink transm ssion and
to sel ect a sui t XBFEMESH e"("'e g.! and Ll ation and coding schene) for
the HE. For each downlink subframe in which the UE js schedul ed, the
Node B may PHdlless ANBEtpanepsirte hp diseantmypuscesasion (DRE) gradsih wigsh the
codewor ds, OREISQHEMRED 3 BRI LARIRRE In @Jcﬁ%wnﬁﬂ@ﬁﬁnﬂ%y&e TR UE
Node B may send the NB codewords on a physical downlink shared
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indicate th he codeword is decoded in error. The UE may send the

ACK i nformation on an ACK channel in an assigned uplink subfrane in

t he next upliodk] phda%e sysitra dGKsuppolt mRQha?melﬁsRQmp tbe dpenliniofa Mode B
physi cal uplink control .cha resend ch
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or t hogonal frequency di vi sion_mul tiplexing DI\% on the downlink and
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general t fr
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or 20 MHz, lirﬁ”éﬂ%ﬁ@'bh‘(@hdheddl@%ﬂ@ﬁ& dAviSiRR MR nanisesd @il ©fseRct a suitable rate
transm ssion structure 400 that nmay be used for the uplink. The K

total subcaf§ferdnqduiptie agd sodeg schisms) fudbe e BPotach doeakhk pediECE
bl ock may i %kenclﬁe ErSybGRINLE && I(ISdeQB may pr&assﬁu@ﬁﬁﬁp&%e}kg (gr %Iéﬁetg)ntg

slot. The avail abl e resource bl ocks nay” be assigned t
a physical opfainns eiﬂawediSMrmeﬂwqu@s@hDh tréﬁalearPU@@lenaljp Ngeliu déhe Node

resource bl ocks near the t es of the dt h, PUS
may i ncl ude Bampy perdothie s 9 &’R@gﬂatd pysicghn 8 eeﬁg icﬁl rea$
be assi gned {9300 @&r&kémhﬁlgfda&nmeaﬂg%ehm atmam dowsn i E&Hirol channel

information to a Node UE may al so be assigned resource bl ocks
for the PUSGHPEOH) taifisfilt sl Noderh iy gerglatoadagmlipl assignment and nganodevrrd

control i nf oy FBUER ch dd¥fuN U rfRmdliR ATk An-BE Tor SEREuAT | 0US types
[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



8 Control Information # of Bits Description ACK information NAcx.
Convey ACK or NAK for each codeword received froma Node B. CQ

infornatiga% ggé?nvey downl i nk channel quality for tPgE@Bﬂﬁm%m%4

Schedul i n ‘NsR Convey request for uplink resou

[ 0047] The nunpber of bits KNACK) to send for ACK informati on may be
dependent on various factors such as thé nunber of HARQ processes to
acknow edge, the nunber of codewords sent in each HARQ process,

whet her to acknow edge a downli nk assignnent, etc. In one design, the
Node B may sgendE traghbfdcessdhd BDBOHWA docdde HARQ, (rdeceris et t@thizNE:. U e UBe

HARQ process in each l.i nk .supfranme, In one.design, the B.may
Send, bne. cotEGrE iR ALK IR Rb £ Cacrts e U oIS SRt
nul ti pl e- ouiftanteSoMe) doWnlifPFhh@l  Tiev AEKOMfdRHatibD hﬁy%ﬁr&ﬁ&a (o) or bn
one design, the Node B may send two codewords in each RQ process to
the UE wi t hNeikn@trecaghs spdeniord, iwdices tha peK mian ingicate dhat gig cqdswomd vdecodedr
t hese desig [ C
process, - and Tie LI o oy o, Bl S e e e T e
subfi - anes imyoeeasal HowdlK mkKopiutise on TheA U chanyejorerasigncdGitlinkh Sdrfraate ion

for all codgword n send e i nformation in._an uplink .
Lobt pame. | n ISP uf i e, MR AER i ol MARIR ke hel dheh ¢ B uptink
gener at ed i tontal cienge(BUCEEY. ThOB484B M rtichs tach@ddelast dor, wiitiea NEK is

i nformati on ng onpri se an ACK or ,a NAK for .each codeword., An A .
val ue for alCENEREPY RAY)SHE 4BV GdgHAdPr £ wﬂd ry¥igh an %&é is

follows: Opggeipbd the codeword was decoded correctly, and

[0044] LTE utilizes orthogonal frequency division multiplexing (OFDM) on the
downlink and single-carrier frequency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM vpartition the system bandwidth into multiple (K) orthogonal
subcarriers, which are also commeonly referred to as tones, bins, etc. Each subcarrier
may be modulated with data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM. The spacing between
adjacent subcarriers may be fixed, and the total number of subcarriers (K) may be
dependent on the system bandwidth. For example, K may be equal to 128, 256, 512,
1024 or 2048 for system bandwidth of 1.25, 2.5, 5, 10 or 20 MHz, respectively.

[0045] FIG. 4 shows a design of a transmission structure 400 that may be used for
the uplink. The K total subcarriers may be grouped into resource blocks. Each resource
block may include S subcarriers (e.g., S=12 subcarriers) in one slot. The available
resource blocks may be assigned to the PUCCH and a physical uplink shared channel
(PUSCH). The PUCCH may include resource blocks near the 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



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 b used for each HARQ process with t

The ACK i %aﬁﬁg may conprise (i) up to Nbits if \(I)\ﬁgﬁgg%%%gﬂl S
sent in eac RQ process or (ii) up to 2N bits if two codewords are
sent in each HARQ process. [0050]1n a s&cond ACK design, the ACK

I nformati on nay conprise an ACK or a NAK for each codeword as well as
an indication of whether a downlink assi gnnent was received by the

5000/ 0235 3G TR IRIoRAaERn [f B BT Sons, o e Deiditn | 2 VO

HARQ pr ocess ei vied b lfemUE’ r ACK c Nfolufiori cah ésiswgndmwved/a
recei ved, th hﬁ?wagg end“%i ti Hem alNo&kR. or a NAK for each

d d s¢
g?rbie\é\ﬁirtysem é@&%ﬁpﬂ%w&m | g ol oty Aot Rhate kB Rt e Node B

[ 0051] For theScaeﬁmmngz@e’\stdesi olr arcoﬁaéjﬁeqhasefofrﬂpluﬂne&dm@s process
Wi th one codeword TRy DE~SEt—tUOME Of T ee posSsSi Dre valrues; as

follows: O = DTX -> the UE m ssed the PDCCH and did not receive a
downl i nk asfidgRnentlThe nﬂlmbenﬂd.%itﬁ:éNt\da@ t¢ eghcivior A(Z\Hamfmwedldwbe degntgnt

and 2 :NAK->.th odeword was error

Soaond AOK Rt TR RS Rt B AR St ta R Ic g thFurber
codewor ds nBy cB&evaRls tentoneeth HARE @mssplxﬁaemk uGSacka@w;EangeJ am@ownlmk—
DTX -> the UE m ssed the PDCCH and did not receive_a downli

assi gnment , assignmepric. Appone dssightthe odeRomay ssik Efie defaon l&ﬂotpr%m%Q

2 = ACK, NAKG:Zss@tb¥hd DE, {deFPARORSHEY il MBSIAREAR SRR 8k bhdesign, the

Node B may send one codeword in each HARQ process to the UE with single-input

UJ

multiple-output (SIMO) or spatial division multiple access (SDMA). In one design, the
Node B may send two codewords in each HARQ process to the UE with single-user
multiple-input multiple-output (SU-MIMO). For these designs, the Node B may send
one or two codewords in each HARQ process, and the UE may receive zero to 2N
codewords in N downlink subframes in one downlink phase. The UE may generate
ACK information for all codewords and may send the ACK information in an uplink
subframe in the next uplink phase. The ACK information may be generated in various
manners.

[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:

¢ 0= ACK — the codeword was decoded correctly, and

e | =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 each 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



3 NAK, ACK --> only the second codeword was decoded correctly, and
4 NAK, NAK -> both codcwords were decoded in error. [0053]1n one
design, t e for each HARQ process may be cod <

i ndi vi dual 8¥ﬁ% e second ACK design, two bits may ggTﬁBmgwgmmn
each HARQ process with one codeword, and three bits may be used for
each HARQ process with two codewords. IR anot her design, the ACK

val ues for all HARQ processes may be coded jointly. For the second
ACK design, the nunber of bits to send for ACK information for N HARQ
processes naywhitkexppesse dorgkat I-MRXQJﬁrocee[slng Jno{ Bteiydd Yyahe NEH/}RQiownlink

processes Wi th one codeword = 2 | for
PARO, pr oo BRI B e BRUECElE () RGBS aEROP-S AR i ey
operator. [ Q8Rhloddbdit i€ G HgRQ}‘ piob&s AGKisv AlCBe Sesi@r may bvdidRQLLAG aFRaS
may reduce the nunber of bits to send for the ACK i nformation while

conveyi ng aﬁ@rnda’rg AW migragtion dorgpuliipe FMRQPEHIES for N =5 HARQ
processes Bne roP ARVREShd(ACK 1Mo OAENOK Aalue b HWRQ process with one
2009/ 023730 S2008/ 073054 07208510 ACK i nformation may conprise

ei ther 10 bp@@“(o&mmﬁbmettsc)oxfemfthrﬁ@mﬁsrbl;adah@wsﬁgloms 8 bits (or 12
bits) for joint coding. Joint coding may provide a scal able structure
for dealing with0eXTXmre tedylimitsed tho @DAEShandbd dovwédivrke dovahlin kistdament,

and may inprove codj en the nu of ACK.information bits

i ncreases. [00’55? n&@[gr%alcho ?‘H%rdR@RdF?ﬂ%bfﬁ‘ﬁﬁcﬂﬁ My conprise any
nurber of bits, f oL 3K BURDSH0bGARANRIS isahk. 10 any nunber of HARQ
processes. In nmuch of the fol l ow ng description, the ACK information

conpri ses it Seoh %% i ngds X\HLF %rﬂh I
codi ng the% eal ues W% Egr ocesges : Ofg ﬁ Y)nﬁn%é&% thvo
bits (Nax) todwmmqrbe(@tomnﬁoffrmwambmhbe agéplomdent on vari ous
factors such as the CQ reporting format, the nunber of codewords to

send i n each HARQ={IPDXes she Thenigedihe®DAES mhcu«ﬂi'tlomt i odiveeaddwnligk assadnment,

etc. In one desi n, the Cgler_)lnforrratlonrra mprise a CQ value for
each codeword,® whi Che>polieodgerds agte déc?ﬂ’ié&P%?‘iﬂdn and coding

schene for tha;; Q 1 tion may
conprise (i) a bgse 5 ue t Q?#qé@ﬁ%@?dwﬁb&‘%%w%é%y”g of the

first codewor de aBe NAK) AGKdel dndy BEkeocsal talctvoad whssdeesrisd cotrectliyhand
di fference between the val ues of the first and second codewords.
The CQ i nf or ntt fFarNAkyN ﬁwﬁﬂq@ ards e dscpddrifgiPon. The CQ

i nformation mag/ i ncl ude N eQ 8 bits or some other
3] In one design, the ACK value for cach HARQ process may be coded

individually. For the second ACK design, two bits may be used for each HARQ
process with one codeword, and three 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:

Nk [logj 3" —| for N HARQ processes with one codeword, and Eq (l1a)

Nux = (log2 N )_i 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



nunber of bits. [00571The nunber of bits (NsR) to send for a
schedul i ng request may be dependent on the request format, the type
of infor ' end for the request, the desired re ' C.
For exangﬁ%g? ggggheduling request may convey the anogﬁiM%*ﬁﬂg?gﬁto
send by the & , the anmount of resources being requested, etc. For
sinmplicity, much of the description beld®w assumes that a scheduling
request is not sent, so that NsR = 0. [00581ln general, a UE may send
any control information in a given uplink subfranc to a Node B. For

si npli ci ty, AQKchf@hatidbremae sanprppt icher 16 bétwcrd § &its) for mdsiduabéodimgafr 8dmlsy

ACK informati ,..or.onl, i nformat.i on, or bopth and .
i nf or mat i onE%ﬁatbﬁté) o] %@7@53})5&* eﬁ%{»&z SRy LEohiceiple Sﬁ%?(f%ior gpling
(e.g9., ACK anfl/Rfrefaldasyrith tvefh theNdoddflinR Whid RNAE hed mhhemeRRt Bling

information frommnultiple UEs may al so be nultiplexed in various
manners. Tabtie whes themapibereef ARk ddomedion §itaingreatest i pl exi ng schenes

that nmay be t cqopt 1 I i :

denotes cod ‘H’gﬁeu s?%g’%l‘t 1?Plf[gllé[e(%: rﬁﬂgf&f CB%F%%&T{PE[ S%-?ﬁ]eﬁu(@?%}ﬁbﬁ %g akd
frequency dowmber ¢fFB)dewoitld 200 ORB 1ROMBETLUS2ARAY/ PPEB%RS. 02 O8Eh 1df the
FD- CDM deno cod L vision tiplexing in.the,fr n domai n.
5. com denof e etgesiifiol: R ARk bBraon orRidtavck S AE S B kpes
codi ng and By iddivideliy pgjohtliyareing shaleSKniahedfarall ARG erocelstai | bel ow.

-rI-g]? L re e ﬁ ce Se Pﬂe(]rggl 1 %“%Q ?ltrlrre;lbgr 0?%%56 Eﬁcqﬁ tc? Isgnrc]iarlolr E%I ?n%‘grglfatig/x? 9nl“e|1|y %Fa %gp endent on

various factors such as the CQI reporting format, the number of codewords to send in
each HARQ process, the desired resolution for each CQI value, etc. In one design, the
CQI information may comprise a CQI value for each codeword, which may be used to
select a modulation and coding scheme for that codeword. In another design, the CQI
information may comprise (i) a base CQI value that is equal to the CQI value of the first
codeword and (ii) a delta CQI value that is equal to the difference between the CQI
values of the first and second codewords. The CQI information may also comprise

other information. The CQI information may inclnde N,y =8 bits or some other

number of bits.

[0057] The number of bits (Nsgr) to send for a scheduling request may be dependent
on the request format, the type of information to send for the request, the desired
resolution, etc. For example, the scheduling request may convey the amount of data to
send by the UE, the amount of resources being requested, etc. For simplicity, much of

the description 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
subfram¢ to a Node B. For simplicity, much of thc 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 dcnotes code
division muitiplexing (CDM)} in both time domain (TD) and frequency domain (FD).



si gnal sequence (RSS) Modul ated reference signal sequence DFT spread
Mul ti pl exi ng TD- FD- COM FD- CDM TD- CDM [ 00601FI G 5 shows an exanple
structure dlng and mul tiplexing schene 1. Fog,
cyclic prg%QQM$@%c sl ot includes seven synbol periods, # ﬁﬁg t slot
i ncl udes synb&f periods O through 6, and the right slot includes
synbol periods 7 through 13. One or nord UEs nmay sinmul taneously send
control information on a resource block pair that includes either (i)
one resource block in the top half of the left slot and one resource
bl ock in thEDb@]t)Nbdel’m&sf ccmife dibisioni ghltiplsking, inathe Srromency nddaai. SID@DM
(ii1) one resource in the bott hal f .of the left..slot, a
Fesour e bl BEIRAoRn A i PRk Bt T Sty eshetai e araBoRs
hashi ng i n kheme3) destid2d i) funtheh@tdesdgn shown in FIG 5, each
resource bl ock includes four synbol periods for control data and
three synbol periods for pilot. Cbntrgqﬂd tais sent in synbol
periods 0, 1, 5 and 6 and pilot is sent™frn synbol periods 2, 3 and 4
ot

Of each I eSOLH-ce hl nr\l/ rnn&:'ﬂ A—LUE W‘D\l cond. . .caont rnl r~|g+g gnrl n:

usi ng a reflerence signal se@ubﬂnelhaV|ng goSdhmm&2elat|on ﬁnkqnﬂ&|65

Dfferent UES may sinu tﬁp d%ﬁ%xm GONLL QL e faka, ﬁgd pt ot on the
sane resourdﬁgmﬂmgkwmg 0 eren(é?S flerenc g slequéiciespreadhi ch
may be genarated with éei%ﬂ?m §? (mSIgngflﬁqu%; e_sequence nay he

a CAZAC (cansindtipleainp! tudEDﬁHDQI&utO correEmICDNj sequenceDsUDN as &
Zar dof f - Chu—(ZC)—sequenTe;"a SEJUENTE th—onit—megni tode —and
pseudo-random phases, etc. [0063] A reference signal sequence r(n) for
a UE may be[@lsDai nddGof shwé arcadamplesdtiubtiren 0t foe cdatisearslequiepledng sghemg,

as follows: 1. V[Eor %t?eor?én%% cyc 15%};%%8%&383/10(% 1n(9udes seven symbol periods, the left slot

includes symbol periods 0 through 6, and the right slot includes symbol periods 7

through 13. One or more UEs may simultancously send control information on a
resource block pair that includes either (i) one resource block in the top Half of the left
slot and one resource block in the bottom half of the right slot, as shown in FIG. 5, or
(ii) one resource block in the bottom half of the left slot and one resource block in the
top half in the right slot (shown with diagonal hashing in FIG. 5).

[0061] In the design shown in FIG. 5, each resource block includes four symbol
periods for control data and three symbol periods for pilot. Control data is sent in
symbol periods 0, 1, 5 and 6 and pilot is sent in symbol periods 2, 3 and 4 of each
resource block.

[0062] A UE may send control data and pilot using a reference signal sequence
having good correlation properties. Different UEs may simultancously send control
data and pilot on the samc resource block using different reference signal sequences,
which may be generated with a base sequence ry(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 r4(n), as follows:

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



072085 12 where a is a cyclic shift assigned to the UE. [0064] The UE
may generate one nodul ation synbol d for control information, e.g.,

ACK i nforr{?%lz&gmd;llﬁg UE nay nodul ate its reference si gg,@ g’?ﬁ&a%ﬂﬁﬁ

r(n) with tion synbol d to obtain a nodul ate erence
signal sequence d r(n). The UE may then spread the nodul at ed
reference signal _sequence with an orthoﬁbnal sequence W', to obtain
data sequences z",(n), as follow. z",(n)=d wvv" r(n) ,Eq (3) where
nis a frequency index and in is a time index. [0065]The UE may
obt ai n f our whatear Baqyelitcehift 20{gn¢d tozhd UE, z2(n) and z3(n) by spreadlng

t he nodul ated reference signal sequen with four nbol
and w3, ures ‘gﬂéﬂ ve@ %n%%ger&m%%dﬂ%f %@aﬁmﬁé%&%rycmmi n@@%w %«fd
data sequenegx Zfhiatiod! (Thk . UE ?hnmﬁdtez?eé PoferkAbeSy n%ﬂé?Lecﬂ@I{deQ@% voith the

5 and 6, respectively, in the left slot and in sy periods 7,
12 and 13, mesipleton senbp! ditgobtha ameflylated igferenge sighd weduencerd G(nb. The UE

[ 0066] The UE al so ref erence, si gnal ue

nor t hogon Y dbg ranied Yo Hory e FeFRN, 16! SOYTeRCag Boipond dediehcd
fol low p "w(ndoka data sefkeBres-2-G), (4 Xol[O67] The HE nmay Obt ain three
pi |l ot sequences po(n), pi(n) and p2(n) by spreading the reference

si gnal sequence mnth three s¥nbols vo, vl and v2, respectively, of

t he orthogonal séq e W M) Fhe UE may send pllot sequences po(ﬁﬂ(n
pl(n) and p2(n) in synbol periods 2, 3 and 4, respectively, in the

| eft sl ot a%e{.e 1§X%%ef@ﬁédggﬁn%d%&"?ﬁ%%% respectively, in the

right slot, as 'shown 1'n r't hogonal sequences may
al so be ref ¢006ad td‘lasUErmkgogblaml fovodies, sédatighs edde ;(ns pr@adindg:(n) by

codes, etc. on nces .of . length L be .obtained fromL
o or afrefdihy IR HRREES s By GREN s ol REWBRHAL R e hf oL
is a power efsptdtclyt bethe lorW8é@hl SRALRDGES Dﬁe UEHﬁkthsehd e s@@eﬂ@@clzo(fn@r

L orthogonal sequences 0069] For the extended cyclic prefix, each

sl ot incl udéshk F@(”)sa}’%dr?; Pewnibgkperiofely laprand |6ofesmeevmé§ the Ik glot and in
periods 0 tRyQHIRDcRodsNE, f%dﬁ'?ugﬁgpc%h@l dﬁ‘fycl{%ﬁﬁsl&}/MBWH%{F@% 6

t hrough 11. Each'resource may i nc four synmbol periods 0, 1,
4 and 5 for [@W8t r ol TheatU& md ﬁlm spraadolts pefeteners siznaln deq@efasr ffmlmth an

orthogonal sequence v,, to obtain pilot sequences p.(n), as follow:
Pu(n)=v, -r(n) . Eq (4)

[0067] The UE may obtain three pilot sequences po(r), pi(s) and pa(n) by spreading
the reference signal sequence with three symbols vo, vi and v, respectively, of the
orthogonal sequence v,,. The UE may send pilot sequences po(n), pi(n) and pa(r) in
symbol periods 2, 3 and 4, respectively, in the [eft 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 LxL 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 ¢ through 5, and the right slot includes symbo! 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.



WD 2009/ 023730PCT/ US2008/ 073054 072085 13 10070] Di fferent UEs nay be
assigned different reference signal sequences generated with
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determ ned B dri8gdtdMQgheRt abygkl € ki WE S TRS sph@ldl reRsent OISzl BRRENRS for
ort hogonal sequences for pilot. Each UE nay send control data as well

as pilot, adeghBihmey dese! simultpprounyaeers ymDOERCrORRIN thasrmseesource block
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can be multiplexed in the same resource block may be determined by the smaller of (i)

the number of UEs that can simultancously send their control data and (ii) the number
of UEs that can simultaneously 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
cach 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 ¢y through do. The
UE may modulate its reference signal sequence r(n) with the ten modulation symbols to

obtain ten data sequences z,(r), as follow:
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where 7 is a time index, » is 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 wy, to obtain data scquences z,,(r), as follow:
2,(n) =W, -5(n) . Eq (7)

[G080] In one design, the UE may obtain four data sequences zo(n), z,(n), z2(n) and

z3(n) by spreading the set of S frequency-domain symbols with four symbols wy, wy, ws
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across time with its orthogonal sequence for pilot. The number of UEs that can

simultaneously send their control information in the same resource block pair may be
determined by the number of orthogonal sequences for control data and the number of
orthogonal sequences for pilot.

[0083] Coding and multiplexing scheme 1 may be used to send a small amount of
control information, e.g., 1 or 2 bits of ACK information for one HARQ process. As
shown in FIG. 5, one modulation symbol may be sent in one resource block pair by
modulating a reference signal sequence with the modulation 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, e.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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[0086]  Different coding and multiplexing schemes may be used for different system
configurations and different control information. Table 3 gives the coding and
multiplexing schemes for six scenarios A through F in accordance with one design.
Each scenario corresponds to a particular system configuration (1:M or N:M) and one or

more types of control information to send.

Table 3
System Parameter Only ACK Only CQI | ACK and CQI
Configuration Information Information | Information
Scenario Scenario A Scenario C Scenario E
ACK Coding Individual - Joint
I'M . Scheme Scheme 1 Scheme 3 Scheme 3
Configuration
Signaling Modulated RSS | DFT spread DFT spread
Multiplexing | TD-FD-CDM TD-CDM TD-CDM
Scenario Scenario B Scenario D Scenario F
N:M ACK Coding Joint - Joint
Configuration Scheme Scheme 3 Scheme 3 Scheme 3
(N>1) Signaling DFT spread | DFTspread | DFT spread
Multiplexing TD-CDM TD-CDM TD-CDM

[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 multiplexcd 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,
¢ 3 orthogonal codes of length 4 for data in symbols (0, 1, 5, 6) for TD-CDM, and
¢ 3 orthogonal codes of length 3 for pilot in symbols (2, 3, 4) for TD-CDM.
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[0089] In one design, for the normal cyclic prefix, up to 12 UEs may be multiplexed
m TU channel and high Doppler with the following:

¢ 6 cyclic shifts for FD-CDM,
e 2 orthogonal codes of length 2 for data in symbols (0, 1) and symbols (5, 6), and
¢ 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 eight UEs may be multiplexed in vehicle-B channel and low or high

Doppler with the following:

¢ 4 cyclic shifts for FD-CDM, and
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) for TD-CDM.

[0091] Table 4 lists various parameter values for sending only ACK information

with coding and multiplexing scheme 1 for scenario A.

Table 4 — Coding and Multiplexing Scheme 1

Normal Cyclic Prefix Extended
Parameter Low High gyc;ic
Doppler Doppler ICLIX
Resource Block Format DDPPPDD | DDPPPDD | DDPPDD
Number of UEs Nug 18 12 8
Number cyclic shifts Ng 6 6 4
Number of data orthogonal codes Np 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 Np 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 Nacg 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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[0093] For scenarios C through F, coding and multiplexing scheme 3 may be used
to send only CQI information or both ACK and CQI information. For these scenarios, a
UE may send Ngg bits of CQI information and up to Nacx bits of ACK information for
up to N HARQ processes. Coding and multiplexing scheme 3 may allow the UE to
send all of the control information in one resource block pair for each of scenarios C
through F. In an alternative design, coding and multiplexing scheme 2 may be used for
scenarios C and D, and coding and multiplexing scheme 3 may be used for scenarios E
and F. A UE would then need to support all three coding and multiplexing schemes 1, 2
and 3 for all six scenarios. The design in Table 3 may allow a UE to support only
coding and multiplexing schemes 1 and 3 for all six scenarios.

[0094] 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. In one
design, up to three UEs may be multiplexed in low Doppler with the following:

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

[0095] In one design, for the normal cyclic prefix, up to two UEs may be
multiplexed in high Doppler with the following:

¢ 2 orthogonal codes of length 2 for data in symbols (0, 1) and symbols (5, 6), and
¢ 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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[0098] In another design, for the normal cyclic prefix, each resource block may
include five data symbols and two pilot symbols and may have a format of DPDDDPD,
as shown in FIG. 6. In one design, up to two UEs may be multiplexed in low Doppler

with the following:

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

[0099] In another design, for the extended cyclic prefix, each resource block may
include five data symbols and one pilot symbol and may have a format of DDDPDD. In

one design, one UE may be multiplexed in low Doppler with the following:
¢ 1 orthogonal code of length 5 for data in symbols (0, 1, 2, 4, 5).

[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:

s 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:

¢ 6 orthogonal codes of length 6 for data in symbols (0, 1, 2, 3, 4, 5).
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[00102] For coding and multiplexing scheme 3 in scenarios B through F in Table 3,
the number of UEs that can simultaneously transmit pilot in one resource block pair
may be increased by using different cyclic shifts. The number of UEs that can
simultaneously transmit control data in one resource block pair may be increased by
using more orthogonal sequences.

[00103] In another design, for the normal cyclic prefix with resource block format

DDPPPDD, up to four UEs may be multiplexed in low Doppler with the following:

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

[00104] In one design, for the normal cyclic prefix, up to four UEs may be
multiplexed in high Doppler with the following;:

» 2 orthogonal codes of length 2 for data in symbols (0, 1) for two UEs,
e 2 orthogonal codes of length 2 for data in symbols (5, 6) for two other UEs, and
» 2 cyclic shifts and 2 orthogonal codes of length 3 for pilot in symbols (2, 3, 4).

[00105] In one design, for the extended cyclic prefix with resource block format
DDPPDD, up to four UEs may be multiplexed in low or high Doppler with the

following:

» 2 orthogonal codes of length 2 for data in symbols (0, 1) for two UEs,
» 2 orthogonal codes of length 2 for data in symbols (4, 5) for two other UEs, and
e 2 cyclic shifts and 2 orthogonal codes of length 2 for pilot in symbols (2, 3).

[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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then spread these 12 frequency-domain symbols across four symbol periods with an
orthogonal sequence of length 4. The UE may be able to send more ACK information
bits by using a shorter orthogonal sequence. For example, the UE may send 12
modulation symbols in symbol periods 0 and 1 with an orthogonal sequence of length 2
and may send another 12 modulation symbols in symbol periods 5 and 6 with the same
orthogonal sequence.

[00108] The designs shown in Tables 4 and 5 allow for mulitiplexing of UEs using
coding and multiplexing scheme 3 with UEs using coding and multiplexing scheme 1
on the same resource block, These UEs may be separated based on their orthogonal
sequences. For a given resource block, any number of orthogonal sequences may be
assigned to UEs using coding and multiplexing scheme 3, and the remaining orthogonal
sequences may be assigned to UEs using coding and multiplexing scheme 1.

{00109] For most of the designs described above, more UEs with low Doppler may
be multipiexed on one resource block with more orthogonal sequences of longer length.
Conversely, fewer UEs with high Doppler may be multiplexed on one resource block
with fewer orthogonal sequences of shorter length. In one design, low Doppler UEs and
high Doppler UEs may be multiplexed in the same resource block by using orthogonal
sequences of shorter length. In another design, low Doppler UEs and high Doppler UEs
may be multiplexed by using orthogonal sequences of different lengths. As an example,
for a given resource block, one high Doppler UE may be assigned orthogonal sequence
‘00’, and three low Doppler UEs may be assigned orthogonal sequences ‘0101°, ‘0011’
and ‘0110°.

[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, c.g., bascd 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 seclected precoding matrix, the downlink MIMO
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SNR for each codeword to a CQI value based on a predetermined mapping. The UE
may repeat the processing for each subband of interest. The UE may send feedback
information comprising precoding matrix indicator (PMI) information and CQI
information for each subband of interest. The Node B may transmit traffic data to the
UE based on the feedback information received from the UE.

[00112] In a second design, the UE may periodically send a sounding reference
signal but not CQI information to the Node B. 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 also assume that the downlink noise and interference at the UE matches
the uplink noise and interference at the Node B. The Node B may select a precoding
matrix and the number of codewords to send based on the uplink MIMO channel
estimate and the uplink noise and interference estimate. The Node B may also
determine the SNR for each codeword based on the selected precoding matrix, the
uplink MIMO channel estimate, and the uplink noise and interference estimate. The
Node B may then transmit traffic data to the UE based on the precoding matrix and the
SNR for each codeword. This design may reduce feedback overhead and may also
reduce the effective CQI loop delay.

[00113] In a third design, the UE may periodically send a sounding reference signal
and CQI information to the Node B. The UE may estimate SNR without precoding and
may send CQI information for the non-precoded 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 noisc
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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scheme 3 may be used to send only CQ information or both ACK and CQ

informati %éd;d[mtﬂese scenarios, a UE may send NcQT bb&§m§{09ﬁg303§Q

i nformati ong to NACK bits of ACK information for

processes. Coding and nultipl exing schene 3 nay allow the UE to send
all of the control information in one r&source bl ock pair for each of
scenarios C through F. In an alternative design, coding and

mul ti pl exi ng scheme 2 nay be used for scenarios C and D, and coding
and mul ti pl estinite sehéed@vmiay teescuanddinfasicronee nstimass H- heridode, BANYE also

woul d then 8@&11Eei tRUBRR! for Rhdn E&{eﬁx I g?ﬂe@%naéﬂg %Eﬁ%@a %% m@garﬁﬁﬁﬁn%%

1, 2 and 3 Si X scenari os. esign in ow a
UE to supponplmkrﬂ/lﬁ\d@arﬂtbmg:l asghnang lahd ﬁieeﬁomgnlsndneamsl ilteef@n: dsomail [The

Si X scenari 0094] 1 n_one .desj [ no C|IC pref.ix,
each resour Qd‘b% trf“?‘?@]“tfé"g 1?Hﬁ?t %ﬁ'ﬁfﬁ%f’%t hgrlieqongdnapiix gipd the
synbol s andsmoh@é\égcadefv@qdmt of DDPPPDD. I n one desi gn, up to three
UEs nmay be nultiplexed in | pler with the fol

ort hogonal Hd&Y ofFIGeﬁ@b%W&a b@@f digerm af s o of Q(HOdelB%E;O ag§ aflfff 120,

TD-CDM  andy, f t | §=(
3 G o R POaREpF R sl RS O Rln P 0 1PN B0

up to two UBsequippedevitiil eifohmsg 8d2d Hhronghh83idbpjod éodgi B A 1§ trﬁeecrumnecbwrltth
2 orthogonal n 2 1 d y s (0, I) and synbols
(5, 6), and™ “qgﬁﬁfaﬂ&‘r?g Frrouhdl i %tr‘% L‘?Sslf%grao%l‘llot in synbols (2,

3, 4). [009&]0Ill]5]one\tdél§|1gm aerSI‘rtlhﬁ‘OeeSE(&Fﬁj&anﬁWﬁde@'e piaéfld data Gamha data

resource bl ock i ncl ud our ls and t il ot synbql

ind iy haveEd BEmarocs BeerBends HaNEtab R gh e i i SOy dp
nul ti pl exedsyrﬂbdipwmnsmtgﬂo&aﬁml &0 Iwa;t msbhece\c& E&doN Ghfornsatioh t ngqr@f(
codes of Iength 2 for data in synbols and synbols (4, 5) and

al so for pi Pton @l infgrmation) fgm poe@#ﬁﬁmrecegsqr #Q pecesughe control
par anet er Vﬂ{f&%ﬂf)f?raﬁ%&h&@c&ﬁ@d S)F@Qlé.nfl"&'ix%ﬁ%g?%&e br @ﬂfﬂlaﬁ%o%gergg

information W th codi ng and nul ti pl exi ng sche or scenari os

t hrough F. vadlsymbols (Sgdifergpibmn dequiahdes)pdnelxinmgm8tindaxethd pilot symbols Wl’ﬁh the
data symbols and the control symbols. A MIMO processor 822 may process (e.g.,
precode) the symbols from transmit processor 820 and provide T output symbol streams
to T modulators (MOD) 830a through 830t. Each modulator 830 may process its output
symbol stream (e.g., for SC-FDM) to obtain an output sample stream. Each modulator
830 may further condition (e.g., convert to analog, filter, amplify, and upconvert) its
output sample stream to gencrate an uplink signal. T uplink signals from modulators
830a through 830t may be transmitted via T antennas 832a through 832t, respectively.
[00116] At Node B 110, antennas 852a through 852r may receive the uplink signals
from 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.
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[00117] Node B 110 may transmit traffic data, control information, and reference
signals on the downlink to UE 120 and/or other UEs. Traffic data from a data source
878 and/or control information from controller/processor 870 may be processed by a
transmit processor 880 and precoded by a MIMO processor 882 to obtain R output
symbol streams. R modulators 854a through 854r may process the R output symbol
streams (e.g., for OFDM) to obtain R output sample streams and may further condition
the output sample streams to obtain R downlink signals, which may be transmitted via R
antennas 852a through 852r, At UE 120, the downlink signals from Node B 110 may be
received by antennas 832a through 832t, conditioned and processed by demodulators
830a through 830t, and further processed by a MIMO detector 836 (if applicabie) and a
receive processor 838 to recover the traffic data and control information sent to UE 120.
Receive processor 838 may provide decoded traffic data to a data sink 839 and provide
decoded control information to controller/processor 840.

[00118] Controllers/processors 840 and 870 may direct the operation at UE 120 and
Node B 110, respectively. Memories 842 and 872 may store data and program codes
for UE 120 and Node B 110, respectively. A scheduler 874 may schedule UEs for data
transmission on the downlink and/or uplink and may assign resources to the scheduled
UEs. Scheduler 874 may also assign resources to the UEs for transmission of control
information. The resources may comprise resource blocks, orthogonal sequences for
control data, orthogonal sequences for pilot, reference signal sequences, etc.

[00119] FIG. 9 shows a block diagram of a design of a transmit processor 920 for
coding and multiplexing scheme 1. Transmit processor 920 may be part of transmit
processor 820 at UE 120 in FIG. 8. Within transmit processor 920, a symbol mapper
924 may map ACK information to a modulation symbol. A multiplier 926 may
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 scquences z,(n), ¢.g., as shown in cquation (3). A time spreader 930 may spread
the reference signal sequence with an orthogonal sequence v, for pilot and provide pilot
sequences p,(n), e.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, e.g., as shown in FIG. 5.
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[00120] FIG. 10 shows a block diagram of a design of a transmit processor 1020 for
coding and multiplexing scheme 3. Transmit processor 1020 may also be part of
transmit processor 820 at UE 120 in FIG. 8. Within transmit processor 1020, an
encoder 1022 may encode only CQI information or jointly encode both CQI and ACK
information based on a block code to obtain code bits. A symbol mapper 1024 may
map the code bits to modulation symbols. A DFT/frequency spreader 1026 may
transform the modulation symbols with an S-point DFT to obtain S frequency-domain
symbols s(r). A time spreader 1028 may spread the S frequency-domain symbols with
an orthogonal sequence w,, for control data and provide data sequences z,(n), e.g., as
shown in equation (7). A time spreader 1030 may spread the reference signal sequence
with an orthogonal sequence v, for pilot and provide pilot sequences p.(n). A
multiplexer 1032 may receive the data sequences from spreader 1028 and the pilot
sequences from spreader 1030 and may provide each sequence in a proper symbol
period, e.g., as shown in FIG. 7.

[00121] FIGS. 9 and 10 show example designs of the processing by UE 120 for
coding and multiplexing schemes 1 and 3, respectively. UE 120 may also perform
processing for coding and multiplexing schemes 1 and 3 in other manners.

[00122] FIG. 11 shows a block diagram of a design of a receive processor 1160 for
coding and multiplexing scheme 1. Receive processor 1160 may be part of receive
processor 8§60 at Node B 110 in FIG. 8. Within receive processor 1160, a demultiplexer
(Demux) 1162 may obtain received data and pilot sequences for ACK information from
a resource block pair assigned to UE 120, provide the received pilot sequences to a time
despreader 1164, and provide the received data sequences to a coherent detector 1170.
Time despreader 1164 may despread the received pilot sequences for each resource
block with the orthogonal sequence v,, assigned to UE 120 and provide a despread pilot
sequence for that resource block. A channel estimator 1166 may derive a channel
estimate for the S subcarriers in each resource block based on the despread pilot
sequence for that resource block. Coherent detector 1170 may perform coherent
detection for cach received data sequence with an applicable channel estimate and
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



2 2 Length of pilot orthogonal codes NPL 3 3 2 [0098]1n anot her
design, for the normal cyclic prefix, each resource block may include
five data synbols and two pilot synbols and nay have a format of
DPDDDPD, as shown in FIG 6. In one design, up to two UEs may be

mul tiplexed in | ow Doppler with the follow ng: 2 orthogonal codes of
|l ength 5 for data in synbols (0, 2, 3, », 6), and 2 orthogonal codes
of length 2 for pilot in synbols (1, 5). [0099]In another design, for
t he extended cyclic prefix, each resource block may include five data
synbol s andcarzatpi | o rsgm@mﬂela@mﬁhe rdesprévavitzasetjoenea forehc lDRBRIDE: blpek with

design, one_U be I ] the Mg
1 or Shogonar Caate, PR Siknl e ACEOMR, B Mol el B AL R:
[00100] In yetbesnefdaice dgmalgsequénoe. tAheymiml riamagec 1176 pagfobtjn edcdation
resource bl ock ncl ude sev at 0 d no pil ot s 0ol s
. may havESHts Bt B BRBEDBRCRS. (e Edls gmaaon Bae) aRoCEEe ey
be mul ti pl exg (etn ls&WbPQ}IE) hew bwea Bn&llfteccﬁﬁhdu@wréms afd PEIVIRORBA cdCades
of length 7 for data in sg ols (0, 1, 2, 3, 4, 5, 6). [001011 For

t he ext endeéhfesmatipe gyt each resource bl ock may include six data

synbol s andfiR |I S V, ‘;;%§Eg% I
desi gn, up !o SI X %tI;:lG X VZS %ﬂ@%‘?ﬁé xgld@flﬁralldfiI %ﬁ%prg‘}eér th q(rﬁ@ﬁ?ﬁﬁ"

fol | owi ng: céding artdog@lnalexmgdelsemﬁ | Reegivh poctsspr R0andyrelsoybetmprtof (&eive,
2, 3, 4, 5), processor 860 at Node B 110 in FIG. 8. Within receive processor 1260, a demultiplexer
1262 may obtain received data and pilot sequences for ACK and/or CQI information
from a resource block pair assigned to UE 120, provide the received pilot sequences to a
time despreader 1264, and provide the received data sequences to a coherent detector
1270. Time despreader 1264 may despread the received pilot sequences for each
resource block. A channel estimator 1266 may derive a channel estimate for the S
subcarriers in each resource block. Coherent detector 1270 may perform coherent
detection for each received data sequence with an applicable channel estimate and
provide a corresponding detected data sequence. A time despreader 1272 may despread
the detected data sequences for each resource block and provide a despread data
sequence for that resource block. An IDFT/frequency despreader 1274 may perform an
IDFT on the despread data sequence for each resource block and provide despread
symbols for that resource block. A unit 1276 may compute log-likelihood ratios (LLRs)
for code bits based on the despread symbols. A decoder 1278 may decode the LLRs
and provide decoded ACK and/or CQI information for UE 120.

[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 wircless 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
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mul ti pl exi ng scheme 3 in scenarios B through F in Table 3, the nunber

of UEs tha}gsaboeshiul taneously transmt pilot in one regpuksmsPheak
pair may begjpgreased by using different cyclic shifts. The number of

UEs that can sinultaneously transmt control data in one resource
bl ock pair may be increased by using mot’e ort hogonal sequences.
[ 00103] In another design, for the normal cyclic prefix wth resource

bl ock format DDPPPDD, up to four UEs maé be nultiplexed in | ow
Doppl er wi t hloghgodofd @Wlngcodedldmt(h@gbd 14)¢ o8less Ul mpne sggesdl thef epded datg

'OP Fggg'?lhs 3g$robs frecﬁenc@l) \Hlﬂggﬂ%ﬂf toc%{lgtdllngre%ﬁ [{cgzssgge%g f%td%{fogg ggg@SI ﬁ%d@E
for the nor mak fmﬁmlnsprep:t ﬂifelf}equupytspreﬁd)data laEsssmzme lse@thranl drihpgcmaéshqucnce
hi gh Doppl th the fol t h |

data 1’ SyntsoPEAitGutEy o 5% e gl itaRER S P 80 B ous et 5k
for data in zswmw SE(rﬁay Sreddahe tavedalabiedcrddES, sudtdirierd “ﬁmcdm S‘—p&ﬂﬂt Dthr to

and 2 orthogonal codes of length 3 for pilot in synbols (
[00105] | n 8painglhsfgrquency spisad date: eaveaiingy Ifieguescsppaig &Yﬁl%s@aﬁ%s

bl ock formag @QEBRD mtaaetdes;g@ef bzyﬁé1mt&%magﬂsgke%a% S@reg cﬁammugh

Doppl er vmth the foll ow ng: ort hogonal codes of |ength for
in symbol s gonbaly withthe qu@asal scquersct i depattal- (e obfain the omtewgtatﬁ @rlfmsmg

data in Symﬂogt%o@:"%oﬁ')ut b r ¢! b ]If:e%iodgng QSeP b Lﬁ@ 9
ort hogonal dos ofHTe or I n sy n% S , 5) B In
gener al , ea@clir q dé&wmdatal @qkenn@ynd malyljmeseamn nuavipenbodfpedad. a Thy IO sy
andanynunber f pilat synbaols and have any format. Exa

closi g 1 or SEEH! AGOSACRALT oirtxi g MR HBREE £ oRSd5 r oot Ebut be
bl ock for rramtehﬂueeipawuﬂe@@rsm@@ a@b@\ene GEtinNAGhangraat kérbHl fequagy.
schenes 1 and 3 ma i npl emented wi_th ot her designs for_ ather

resource bl 6¥{2fby t0§e df%m@fﬂ]b?i( lﬁilznﬂ? Wl may| recaivy «dpyoids iy WGMRB

i nfor mati on pwcEReCAN dgw ARk ﬁ'ﬁh&xh@i sl gy §G880R: ah AGR x%%e%@@&h@ﬂlﬁ@r
t he nor nal cycllc refix with low Doppler in Table 5, the UE mm

encode 12 AGRcEsH &F erstcodewdsil isseniofonprcail iR prasess. i ﬁueéﬁzﬁmnmet mlprCK
Eg?;gi ﬁ?dgpghﬁlg f<§r eaé?ﬁgmqg{nj ?gbn§ gf/@ng%)l & 11";'2_1@%8 Q&rg@y h_sg-n%ri I‘e%&%@ a second
f requency- deatat if thy ndxhord fEhbcd.dEd ranrectly, or a third value if the codeword is decoded
in error. If two codewords are sent for each HARQ process, then the UE may set the
ACK value for each HARQ process to a first value if an assignment is not received, a
second value if both codewords are decoded correctly, a third value if only the first
codeword is decoded correctly, a fourth value if only the second codeword is decoded
correctly, or a fifth value if both codewords are decoded in error. The UE may either
individually or jointly code the N ACK values for the N HARQ processes to obtain
ACK information. In one design, the UE may set the ACK value for each HARQ

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

HARQ processes to obtain Nacx bits of ACK information, where N, = ]_logz(QN )—I .

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, e.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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frequency-domai n synbols across four synbol periods with an

ort hogonalygeadnes of 1ength 4. The UE nay be able topgeRdiBEBeACK
i nformationgpydss by using a shorter orthogonal sequence. For exanple,
the UE may send 12 nodul ati on synbols in synbol periods O and 1 with
an orthogonal sequence of length 2 and %ﬁay send anot her 12 nodul ati on
synbols in synbol periods 5 and 6 with the sane orthogonal sequence.
[ 00108] The designs shown in Tables 4 and 5 allow for multiplexing of
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a predeter mdﬂﬁﬁomﬁﬂ'e%ke Li*é@ nggde”%ygfagpo%%mt Call %@%%idégfofr%cﬁ%hg

subband of interest. send 1 eec'be_lc I nformation conprisin
precodi ng nmatacesses brdedart e dédRNEd cantobmbatriaben.and CQ i nf ormati on for

each subban I nt si. JThe Node.B nmay transmt ffic dat.a to the
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uplink noise and inter nce at the Node B. The Node B may select a
precodi ng natfpimxatiand t he nunber of codewords to send based on the
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oL M VOGIRTTE s T A B B R PSP

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



estimate and the downlink noise and interference estinmate. The Node B
may al so determ ne the SNR for each codeword based on the sel ected
precodi ng Wi@hdgojzs7ine uplink M MO channel estimate, angcihRRd9¥Rbisnk
noi se and i pix@¢sf erence estimte. The Node B nay then transmt traffic
data to the UE based on the precoding trix and the SNR for each
codeword. [001141 FIG 8 shows a bl ock agram of a design of a Node
B 110 and a UE 120, which may be one of the Node Bs and one of the
UEs in FIG 1. In this design, UE 120 is equipped with T antennas
832a t hr ougkodrtand apeltiplstiag Behame uslidagicose divien nRltpieanmas bagpsme
t hrough 852 e 1. 2
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an uplink sili %ﬁquefﬁc L?Bf%‘ia n%?hse"? P AR ot or s 830a 1 hr ough 830t
may be tran$(mnsz]ed I iole a[esagﬁ@mnasc BA2patht: g wghtrd 3@formdta PRt bevgrbyessed

[00116] At de B 110, ntenﬁﬁj 852a thr h 85@ may r.eceive the
upl i Nk si gn&V< PRSI Sin PW%rm he HARSOHIST 88D spgate a
provi de a regRlMEsh Si888l bhedath %S@i@dtaéoﬁéoldmlaﬂor ThOEER)t85 nay
Each denodul ator 854 may condition (e.g., filter, anplify

downconver t mognlteds igfarenee pighalsequeaed widliths mgldaiatl%smomcnolgamlr@@uam

may further I e d
Symbol 5. A f1TES or ey arABER [Ebd atprinceafar i kad hooblffed RS
recei ved symigoh@ecﬂueom alrdss Rmetenticanl cathogcmaBMaertch rmaugh 854r and

provi de det nbol recelv r

denodul at e i‘ﬁéﬁg]e ae@)“" c(if @ g‘ gtg)ﬁ é%% %lotnr inglﬁc?
data to a d@t@e&b@by%?eceﬁad(qog om@t&ieda)c@sdeldwﬁpni Fmi 1Inf QheatdedRT thtnya
controller/ processor. 87$ WO 2009/ %%730P / US2008/ 073054 072085 24
[00117] Nod&SBreLorerysc {AhERHOE HREHTHE Fat oL SFBIIFh o eVt ime
and referenggg fp?éagn@altas e BRI W Sffrele W R0 d@gwéaqrda@é &th AJEe?erence
Traffic data froma data source 878 and/or control information from
control | er/ pigdelessgemeg rpoptaip dearelstion sasuky Ble secevenmay theprreewssthe 1880
and precode in R out put synbol
streans. Qo ycflators §E%§&§%§%e%§%gign%%&process t he R out put
synbol st redﬁhﬂsﬁ(lb dgn, oxfeodes@Dwf Harkobi i, rthdR sectngdutonsmhphferrsatioeamsy ared

may further condi L,on t he u bt ain R

S ynal's. anFearoated bpa EPB fibaREIErR: Tht IARReuSd Phehisf Bnsehe
At UE 120, tcbﬁrcd@%hhdli@n&t@@@ﬁsqdeﬁ@rmh@d@m“ thlddtaiafrepent e greadatitdhyThe
ant ennas 832a t hrough 832t, $nd|%| oned and ocessed by dem)dul at ors
830a t hr oughrapspfter BAY then rspread ¢ li5r iBeaReReY PR F@IWES’SEI@E@C‘E’&S‘F aig gghogopal
appl i cabl e) ;afidn& w,gcei ve processor 838 to recover the traffic data
and control information sent to LIE 120. Receive processor 838 may
provi de decd®¥dst r dnfanethgrdesigroof bipgk d 754.nike ge@nd renpploidmatiet sysde

control i nf %HE@&E&’ By ta?ec%ﬂ%f‘ 550%4 g&? d{? ';F%el?sofhe%é&we}%é]dglpread receiyed datg

Control | ers/processors rect the operation at
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



correlator 1174 may correl ate the despread data sequence for each
resource block with each of the possible reference signal sequences
and may prRAYbRGseLr el ation result for the best referepegusi@dahoss
sequence. Apsygzbol demapper 1176 may obtain correlation results for
the two resource bl ocks, determ ne theﬁgpdulation synbol nost |ikely
to have been sent by UE 120 based on t correlation results, and
provi de decoded ACK information for the UE. [00123] FIG 12 shows a
bl ock diagram of a design of a receive processor 1260 for codi ng and
mul ti pl exi nfeswenehiespreaRdei Vee seovesaaythapsooeniiearansdsantnlinfogpation
receive pro in FIG 8. Wthin receive
processor g%%égﬁﬂ%gﬁﬂF% ngﬁmgd%%%2 may obtain received data and

pi | ot sequet¥d36]f oln AGKderEd, dre fEEY contrblon feemmitoom My perapiise S'ELIK defotmhabioR
pair assign rovide.the receiyve sequences _to
Prne dospr oltierier SR et chlas: RedRE Sl o PiraPi e fHEneabg Ao
coherent detrgedriod 260 . muliiple HAR gactessed. 26 mmythdeﬂéni@ﬁdthé hférst control
recei ved pll%t sequences faor ?ﬁ%? resource glock chanp est.i mat or
1266 may deMHQERHOR FEHNFOMPEST Mokt Wiargiatiem and g preand sonirgl [nforaitipn may
resour ce bl gepriCRRRI@DE infieGsibr bha7 ACKBMdREIfiorhaRRer ent det ecti on
for each recelved data sequence with an applicable channel estimate
and provi de[188r r ¥éEordi ggw&eﬁerteﬁ@a efat agfaiancld00 pof  meccgvag cantad
1272 may degp; q S Kk
and provide a&ﬁﬁggéggéqﬁ%%§$Sggﬂ%h%giﬁbgggﬁg A%@%gﬁ?%@M%ﬁé@E&?ﬁﬁRhﬁﬁ
| DFT/ f r equeh8l2 deemcd@st t@itb] nefprmpeohobaseden | DFTSt modmgeamdemplttieading

dat a sequence for urce bIo k .and vi de des d s

for that r sapeas RGERSRARTEE u Rl B b ESoBER LR RS ortain,

rati os (LLRajd 4 elodeledediosodessedomicdnbiel @laﬁmm&aﬂbasmm Secoy eleitpdad

1278 may decode the LLRs an rOV|%§ decoded ACK.and/ or %%1 )

i nf or mat i on™UGPIPNE 8 em[eobti*ﬁl]g epgssdivisiony piltiplexdign 1 d3ea HpicedomRap fivd

of the procegssi thgggﬁhd%ykkgwhpr coding and nul tipl exing schemes 1

and 3, respectively. Node B 110 may al so perforn1proce55|ng for

codi ng and @188l é%IGndS‘s%ﬂewesdemgmé a3prpeesptl e} fareanding datﬁoeezsareless

FIG 13 Sho\é@mﬁmﬁﬁaﬁ&“s emPutBizH eﬁﬁD?%ﬂQeré)ﬁmﬁ)e]ﬂ BE & g (?y a Node B

information in a wreléss conmu |cat|on system Focess 13

per f or med bﬁasadelsl&xt(eésbeﬂmémrlliye@ntaed)tbw) cntity. b{Fhe dfvde gt mey recren\letg/sou‘ﬁldelg

UE nay generate contr i,nf or.mat.i on i A f or n

i nformation, eaflggﬁcedsuﬁ o5 nFheeqLI els tf om.["&?% IB %etﬁe(#% l§crgn % emcgea

i nf or mat i onpreesdiag mrfbn hadkd @A th@edsmfng(ﬂefemlse 1@&8)(1)10?1@&9&45. rrabe EodoBe

the control inf tion (e.g., jointly. de, ACK and .

i nf or mat i onPlaBé'gsthr}F StRmype %%M/@%@%@ 05 oTabeR i orsbssusing

bl ock code tge@htcalifhat asisck imw Th meke 3314149 thed faeldTel Eati¥ngRESadod HR

coded data across frequency with a DFT btai n frequency spread

dat a (bl ock desnink baspé ouphdraseceding ﬁetrweﬁnde%za of frastf eneqiedidstiogpind £@ding

data across &1F§ W@H@Eﬂ@ ort hogonal sequence to obtain output data
in

for the contro ornat ‘on (block 1318). In one design of block
1316, the UDMEY] sgnead dedign, oWl dbas aotaend SQISndubaanrtbéheNadt B. dfhe

S-poi nt DFT tain t.he fre read a

frequency- dﬁ?@?#?%%sl Image meqen ‘gymﬁge(’fg}c?l Ehe %nbeas%cggl sme (SJ?undmg
bl ock 1318, réfbﬁn&dﬁng[ﬁy Thy Hadk Bhﬁy&bﬁﬂrx&tmﬂﬁgtrydbﬂﬂiemoﬁsynb@hﬁeﬁﬂréﬂﬁe tfére
or t hogonal seq e of length_ L ptain the output data conpri in

L sets of St nk g% 8Pl “f"heLI%%r’ 8‘12‘1’6@& EFémmEé]&%a"g%‘iSt gte ‘Bﬁ

symbol s nay ;he cfo@fngasdﬁbﬁl@ 288 oflathd |SEARIRC BadRd AP YD RstHRAEd 'n&s@n&d
synbol period. The UE may spread across frequency first and then

spread acr odfergragee fardthe i in FIG 13. Alternatively, the UE may

spread acro n
oge desi gn i@n%nggB %ﬁ%’P&%éﬁTﬁE[ﬁghﬁﬁgggf§g§§ed5ﬁmggs gpb%gﬁégép&
quality of the downlink to the Node B. The Node B may estimate noise and

mterference for the uplink based on the sounding reference signal. The Node B may



[00128] FIG 15 shows a design of a process 1500 for receiving
control information in a wireless conuni cati on system Process 1500
may be per{@bs®Bd9w a Node B (as described bel ow) or bycsRR09HEL:
entity. ThegNoge B may despread received data across time with an

ort hogonal sequence to obtain tine despread data (bl ock 1512). The
Node B may despread the tinme despread a across frequency with an

| DFT to obtain despread synbols for control information (block 1514).
I n one desig t he Node B nag despread the tinme despread data across
S subcarri efeeiRinh MM Rihe noT 2R idgsfessnse rdbe gowalinksandmliak bysed
Node B may despy ead ifiGHion bhind bifucdibilneR 19@&%6%‘%@%:0@%& The
frequency, as shown iIn 15. ternatively, the No

despread achods B m@xq @&tmfye fipiss endinderfceme dersthe dadnlady bised pi e estimatedy
case, the e r o] bas Iock
code to ob?ggﬁe deco e%g%%%tg%ﬂﬁe g@%éﬁ?é%¥g§hl %%eqﬂﬁﬁlge RoK'en
i nf or mat i ondet@@hing thkar rastioan moeilation hldaoking sdiene HabdlodQhe prec@li®r matrix

desi gn, the send godewords for N HARO processes in N
downl i nk suB%?gﬁﬁgun mﬁﬁﬁﬁﬁéﬁﬁggmﬁﬁﬁgﬂ% e ol ei ved data in one of
M upl i nk sulbpfgianes.FiGheo Bhetewnlidsie stuafahpdress a0sh fob SerlMingakd il a wireless
subfranes may be tinme division dupl exed. The Node B may determ ne an
ACK val ue f 6PmEHBisetiguREYSIsPbEBddRS THAY e d\npATf U2 QP8 caeladrscomadale 2012 to
informati Onrec[egglasg&unﬁln%re%e@e&gos‘{@mﬁ oqet'ﬁé 1Rk, 2 ARRASUUR, &églgmﬁé)r
receiving control information in a wreless comunication system
Appar at us 1@@@0@11@ h@uwaaedrmdht souh8ih2 rcf@redesmraé.d m@tﬂ@ 2684 tal a¢tarmme at
across tine hogo enc

S rodul o 1o e dl IR B R RIGRE Bl A b bR SRR AR Y
with an | DFfnddolediit &itm s&eisa)ﬂﬁadraﬁmmb@dns ofi dowglonl baskd bmftlosr pradading, matniel

a nodul e 1616 %g decode thgldcs pr éqg ol s based on a block code to
obt ai n decodBlbEshicpsiens mp ?ﬁ%FVﬁ'CO?B §9¥M°rI G 17 shows a design of

a process 176iA4¢pr H;Goqqe%ﬁwgaca@ﬁ%ﬁ of a ipRdcessmaioh abr ;eeelam@ndﬁﬁl if SSwireless
comuni cation system Process 1700 may be perfornmed by a UE, a Node
B, or some GPHBRNSHEGY Systepy vtétzuzgo"ﬁPPo|PrpeﬁrS§)r2m mep beeiprivemsst bic a d 82 s
based on a / 0
A e e A s
time donai nsignd dnrtbequ;émkyo ddlode B (bl@bba k12).7 Thy UEFaay Itemva‘a alasta trgodiigsgpn
Snd rrul tipl eé(r{tno% thes d%\gﬂbﬂk ll") tﬁg%dglﬁnbase nonn‘clljl t'cgéleXI 094 3 c?}a?leag one
omai n may Dé achieve ﬁreadlng across ti &n orfthdgdh
sequence, amdﬂnhemﬁmd@cﬂdmgsmmﬂmﬂubknmhaXMQghen«iheBﬂmamuemQMadmﬂﬁh@
may be achieved with Eaﬁf hggi cyclic shifts of a reference signal
sequence. SECHHECCHHE °° )mation may be processed based on a

second codi p@13sd NHlohé aéﬁﬂ Rk TERRBENMsbhd TN Gn B2k o iVdi&HOP of channel
mul tiplexing in the tine mai n and spreading in the frequency domain

(bl ock 1714ylualityof theedavadislide disdNade Bndniapthpipflesiennieddih ey, sonpratecinde
di vi si on ”U'séddpEQ&"lﬁ‘i%nh idhN® (fhla TooddOBRI 1} HRY d&ﬁg A Gl %g@' Bb)ﬂqagpc[e By
across tine wth an orthogonal sequence, and the spreading 1 h the
frequency dessimetayt heisaeid evettract HoathDRIPwn]iol 28 uplink based e sthey i Qf
?:, g.(r:]ls(ml'zg-gr rffh gnaftilmri %E%&}%@%ut%l%@%&én@%ig%gl nﬁye_llﬁoedet 3 g%g mset% depe¥mme the at
generate a mdwnatmanlnla.aymhni codagedhan: tabed dri mshby@mn&tnyol i nf or rratl on.
The transmtter \i | ate a, reference si uence th the
modul at i on i@ﬂ?ﬂé‘m 1«3@35 shays %@BP&%W@F&“@H@ OrdPghATE @%ﬁ%@@d%s
The transm tb@fmuiRYidnEBemAiBiakg D nn?pd@h@@zo‘o%a&@@%%%@;@m to scnd
sequence across tine with an orthogona uence w', 00133] In

anot her desgRumiinglederacy sippal anrfge flplﬂzktto dedd, ooy Fd 4iayecsie a
processed by,Q H.QGRsY&! s&?ogthg dgw&\m{ebﬁhe%d% OW4 B Eh%co&flr% mhi and

receiver my despr ead recel ve ata across tinme wt e orthogona
at least one modulation and coding scheme determined by the Node B based on the

sounding reference signal.



frequency despread data. The receiver may then recover the second
control information based on the frequency despread data. [00136] In
one desi gRyg bfagodhest control information nmay conpri sepAEifs008/073054

i nf ormati ongfeys one HARQ process, and the second control information
may conprise ACK information for nultiple HARQ processes. |In another
design, the first control information n3¢¥y conprise ACK information,
and the second control information may conprise only CQ information
or both ACK and CQ information. [00137] FIG 18 shows a design of an
appar at us 189d45lor Tpe seekashy o 18l 10.ntorifhand A2 imayacoinprét gggeessors,
conmmuni cat i e, -Appar, 1 LN -am 1812 RN
process fi rgﬂ(@ Ctg%ﬁzétbr 0 w?gr%f ?E%‘?‘?%ngﬁg%eé’d%géﬁqgﬁ? Trst ggﬁi&ﬁg%}fgp cireutts,
mul ti pl exi ngreswohesretcy i hnyzdompimpoide theiopif.si on mul tiplexing in both tine
domai n and en donai n, . and modul e 1814 t0o.process secon
control i nt MR o Mo n IS uf R e R bR he? AP RFERE £ F §R0h ey
util ihzi Pg caaeepdés\gixts&l Q@in@‘lﬁhyidﬂa]e‘xdri&g; bﬂdﬁﬁﬁnt itdfﬁn%@g‘l’eé mca?dhrﬁme@ad'rdﬂg
in the frequenc omai.n, [00138] FI 19 shows a desjgn of a process
1900 for seﬁ’Eﬁ“?‘%e’djéfaa sy ‘W’r%@%&dﬁ%ﬂﬁ% iSEHalgy Se?&_(‘ﬁ‘f‘ﬂ?aiail 1ps
TDD. Procesgal 99 BBYeRRnP&S ftiﬁ&?n@utbmeaamgede@c&ﬁﬁndﬁﬁﬁ rdebRgrl&h@Why
or by sone other "entity. The Node B may receive a sounding reference
si gnal on t Heltagps, icHIkerts, GRACHOWREICHE Biekes1 omgnetic Figkds s dertiBlepegptiod tietdsi aie
a precodi ng Ll ; ndi ng reference signal (block
1914). The R@gle%%ﬁagygqébg&gé{?g}e?n&ﬁe at | east one nodul ati on and

codi ng schei1b¥3sedhose vthekild ownli fugheredppremrte thet gratariphd dekirdBt6dgical

The Node B t hen,send.a data ,transm ssjon pon the downlink based.on
the precodi MRk TRUTSnEHE ofhd) ABERIED Sl (Brated Mantnedinng . the
scpem& (bl Oﬁkcl&ﬁ%ma[rDﬁﬁﬁ%}i_ grlnﬁll\eloﬁi&i:')}tedl&Siega'l@troﬂii!i‘lﬁaeuh;lk_x/a.ﬁh?f%&rnfh&il:tﬂ;:I sFehrEQr
Informati on to the e . e e, my est.l nat e nol.se

|t er f or encEOTBRHS & d%q%hk et LB ?q«g@ﬂék@n%‘ghaéiiwa and
The Node B gowA8 SaiBusSHIMRETY cdnont e LIRKS encidils] dioBid, S1ELAGR Hatd vdhe
downl i nk and uplink. The Node B nay then determ ne the at |east one

nmodul ati on &eferibasabayc sdivealy ibiosas obier Hencppraditdi Waretrar suck fenstionahiey is
estinmated ngj it t 1] nk. .[.0014 I

ost on. ¢ ho UREn@EL o0 1BKAEHEIP SohBhre Mbellh Wit e Whtdler BpRBbRRhG
of the downHesn tamstrhiets Nopesed.on FireowoadesyBtenaySleBed atisams moiysepnent the
interference fo e | i.nk .based on t he.soundi ng. reference signal.
The Node. BR8PV IS BIES 2 ORer O Sabas A0S a0 A B aPa At e P Hish
asymet ry ofmplb@emtatddedaiibris nsheidlt afoe me enfegirettdas davwtg nkepathra pointhe
based on the CQ _informatjon and the estimated noi se and I nterference
for the upl s5ppe ofrfhe PRgsert dgse YCesti mate noi se and interference for
the downl i nkglaged Tae Jah@useﬁmsmiv@d%g@ascﬁo&e,dmbm;@sc fa88 et Msclifi@ in
uplink and the asymetry. The Node B nmay then determ ne the at | east
one nodul at Fomealifd wighiba gisslomapbesigasy nimplrmeped s dpmeymed tviihhe general-
the esti nat i J f d i . ]:

20 shovs o S0T0S P SrAML. & Al RERTORockSor e B Aboilidron At mielRed
conmuni cat i oimcisy&HE), ut fidld propgarTiDihle Apparay (EPQAYDOr othel prdgesmamattediopie
2012 to receive a,:50 ndi Qg re[erence]si. nal on hg ulgl ink, a nodul e
2014 to det SPATHVETRF 8B Hg "HIYFT x ' PAE e W BRt RETWETn eI A Fepe PElE
signal, a nosibieattdlfelcof dai@editd @cddml Grsfunciivds Moskbed havinand @ackiang
schenme based on the sounding reference signal, and a nodul e 2018 tq
send a dat aPPPRIFSRPEESB MY DT ANRTOPFAECHAS BHE Brihs HIETIHES i Mgesiar mmay be

and the at b@)a%nv@ﬁkﬁmﬁpﬂ%éwr,oébn%ﬂc&%&r@&)nﬁ*@ﬂ@rﬂ@p st&t@%@h@.'zlﬁu%rogébsor
shows a design of a process 2100 for receiving data in a wreless
comuni cat i BWYHpetemmpleineited pyr qUDIRingbop ©f semputng deryesheep e eopbinelepnnf

oundi ng ol rshee s gnare Shrottetiar, kol IMahtontiBran. B 57 ek,

microprocessors in conjunction with a DSP core, or any other such configuration.



072085 32 [00145] The nodules in FIGS. 14, 16, 18, 20 and 22 may
conprise processors, electronics devices, hardware devices,

el ectroni g soReAsNts, logical circuits, nenories, et@crn@oodisoss
conbi nat i ongthgr eof . [ 00146] Those of skill in the art woul d
understand that information and signals, may be represented using any
of a variety of different technol ogies Hnhd techni gues. For exanpl e,
data, instructions, commands, information, signals, bits, synbols,

and chi ps that may be ref erenced t hroughout the above descri ption may
be represent®d4dy \chptsafavésof aunebpd or dpeithmodesgiibad & warnsstionagietiicc
fields or p r )

ther eof [ 0011 Thgee e B PE R s i P o B BRI SRR
various il | bptarmotesser) @glnczabomlbmum ofrﬂ)dmslves A ispftwire gnpodatedmay gesedet ihm

st eps descri N _conpection w e herei

o e rant ou RS bt oRRE ekt ROM AEnld SR RARES: REFROM Semory,
combi nat i onsegdfer kil didlQ acérR@rable didld aISD-RORI, toh sy cbthérebmam@agn thediym
of hardware and software, varl us illustrative cong(tﬁ/ nts, block

modul es, ci FRRITR @ he Al HbpE SIOEASH YA} {SOUPS ed’éﬁ’ﬁ?FSQFF %tha"
terns of t heier prbdetsh banahi ‘iﬁfemﬁ@ﬁ@ﬁ @ kn, SR it iR fdrm@NeH fo! de is@rage medium.
i npl enent ed as har dwar e or sof twar e depends upon the partl cul ar

appl i cati onlmfg ﬂ&é@ﬁ@ﬁ‘?a ragd MedumipRskedintaral Hothe pescsssersyhg Bippessor
Skilled art Lagnt [Bel HRGRIR Moy RSa06R Gh RO, | HREIA Q0L Yoddt 12K YOO
ways for eac partlc ar application, but such inplenentation

deci si ons shouwiml.ndn the altatnetiypy, eh@qtrw:sssoaasd Ny stothgpanddivme rhayoresidaeas
scope of thg rre esent d'ns?ﬂ Qsure. %1[ q148] The various illustrative

| ogical blo ¢ rﬁ?&i‘i’f’%% Aid ¢ TEUM's described in connection with

t he di scl os l[ll](HSb}er €h No Yor bﬁoﬂerfﬁk@ﬁmMEGesﬁg’nspelﬂd‘ dumeidnMdeberibed may be
general - purpose process a d| S processor

an

appl i cat i on "BREEFHE mnﬁeawa&eecf e RS To ST ég@arﬁﬁ%m ¥
gate array (fFeAnt®ed iiP§dTRYard HRIAABHEHE ntay! IRGt&redlBY bF BanstHi®&r &lef aPddcCor
or transistor |logic, discr ete hardware conponents, or any conbination
t her eof desimgiedstructinss o AT Pro2 fcamerEbirgdahis Beflivad eapuicrreagable media
general - pur p%ﬁ:lep B&ﬁ%ﬁﬁgﬁtm{@&a %m@dlg]aﬁ:c{ O RGhah ’metapat[m&lﬂdlhggny medium
alternative e proces e any conventional processo

control | er, timt dacdidates trehdferql monmumr@rmmmhlfm oi¢ plaor eszwthenayA algege
Egnl)lmrﬂat?lrrgﬂt 5 al%ﬁ%?ﬁacgnﬁrg{vgﬁa 1% irngpr 5112&13221131%4 Qc%es% g%lsg?ne(ra%%hfpo"sie or special

m Cr opr oces :f)afp%ee onepOtr. NBYevay of a{amp@se&ad;rmt Ihﬁui@ﬁidm, waclt cemnpwietidaduble

DSP core, ny other su opf.l i Qn. . )

2009/ 0237308 }WW?%WO%%B%@?%O@ Oher ethenetice! 4shiPrse
or al gorithm e étmla@ﬁoﬂa esp&ﬂ@r%a@@uwb t Reviess6l AW ARSI tHABYan
be enbodi ed d| rectly ardware, 1n a sortware modul e execut ed by a

processor, di’le upedl 1g ce@mgr piaiei dspirasfpregramcags maansan hedpan abasrustiagsor data

reside in B
menory, regi st ers, E%%th di s J%Q%Sée(dn%R%fe@ﬁ%?osg E&@M?ﬂseﬁ?&f)ﬁg}”

ot her form ef asganmageurpem mmpkm@ba\purposetpm@:eamt Ad.m exewpﬂmgtorstsopra@iy

mediumis coupled to t GESS [-0cess
nf or mat i on FHSH "SWBU*\%}% Frepec ey re’iamp s%) gfwaa"ee”%aa‘?‘“‘ﬂe‘iﬁ e
t he al t er natwebsite, koigerS boothgerempeh smmcealymge dolilelg:raale ﬁbertdpac paidc assnid

The processor. an_d t he stor ge um na side in a ASI
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[ 00151] The previous description of the disclosure is provided to
enabl e any person skilled in the art to nmake or use the disclosure.
Var i ous nwedh bdesasshans to the disclosure will be readil ycppRao§HMs0d40

t hose skill gdodsn the art, and the generic principles defined herein
may be applied to other variations without departing fromthe spirit
or scope of the disclosure. Thus, the %closure is not intended to
be limted to the exanpl es and desi gns described herein but is to be
accorded the wi dest scope consistent with the principles and novel
features di Sembeaonierioinn, apeo B2id WeaTbe oigin vithin te scope 96 compurgHE
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[00152] WHAT IS CLAIMED IS:



sending a data transm ssion on the downlink based on the precoding
matrix and the at | east one 15nopdul ati on and codi ng schene. 2. The
met hod of claim1, further including: receiving the channel quality
i ndi cator information indicative of changfl quality of the downli nk.
203. An apparatus for a wireless communication systemutilizing time

di vi si on dupl exi ngyk EPRIMS DEFINN @ THERAENTION A18€ 8k'¥o19.gawsoundi ng
reference signal on an uplink; nmeans for estinmating noise and

interference for the uplink based on the sounding reference signal;

means f or daehqeﬂhaa S sBQrASHETERL Witel & catfhSeeaffthybitrh QA ATpRMGRIiO6 diplexing
domnlhgﬁ_g the upl i nk based on 25channel quallty i ndi cat or

i nf or PyiP M Mehe downl i nk and the estimated noise and i nterference
fors the uphmm&u@meamﬂu@@ﬂheﬁhs@ﬁﬂbmgnmmnﬁe and interference for the

d link b d t.h t f f th Kk
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t hg, at ion and codi ng schene. 4. The apparatus of
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claim t ng: 35means for receiving channel quality
i ndi cat or idefeoniniag i oreceding neeaty Rasedoh thesawnedie refarandesign®df t he downl i nk.

36 5. A COofTRUkLiRg Qtr 1929{ cﬁa%[?a&m‘ilghlﬁtand &d’dﬁllg‘ééheﬂxg bastd GPAPLLBN S BA%aRN Suerference
medi um i ncl udi ng €ode
for the downlink; and

sending a data transmission on the downlink based on the precoding matrix and the at least one

15  modulation and coding scheme.

2. The method of claim 1, further including:

receiving the channel quality indicator information indicative of channel quality of the downlink.

20 3. An apparatus for a wireless communication system utilizing time division duplexing (TDD},
including:
means for receiving a sounding reference signal on an uplink;
means for estimating noise and interference for the uplink based on the sounding reference signal,
means for determining asymmetry of noise and interference for a downlink and the uplink based on
25  channel quality indicator information of the downlink and the estimated noise and interference for the uplink;
means for estimating noise and interference for the downlink based on the estimated noise and
interference for the uplink and the asymmetry;
means for determining a precoding mafrix based on the sounding reference signal;
means for determining at least one modulation and coding scheme based on the estimated noise and
30 interference for the downlink; and
means for sending a data transmission on the downlink based on the precoding matrix and the at least

one modulation and coding scheme.

4, The apparatus of claim 3, further including:
35 means for receiving channel quality indicator information indicative of channel quality of the

downlink.



receiving a sounding reference signal on an uplink; 5estimating noise
and interference for the uplink based on the sounding reference

si gnal ; determ ning asymetry of noise and interference for a
downl i nk and the uplink based on channeléguality i ndi cat or
information of the downlink and the estimated noi se and interference
for the uplink; estimati ng noise and interference
for the downlink based on he.es&inated noi se and 10i nterference for
t he up?ink AR PRSPPI USRS ni ni ng a precoding matrix based on
t he soundi ngcangher-eadelesheginal including code @2t er m ni ng at | east one

nmodul ati on and codlqgﬁgch%ge q§sed onlthe eﬁiknated noi se and
i nterference for “thE&foWAT T KT SIG S1&nat on an uplns sending a data
trahsm ssi on on dsteatohgwnikd and ibageacofor thieplink éased bmidie rahdihreferticd dignant

| east 15o0ne mdu{le%%%}@ﬁlégsggnn%%g L Ig)m%%g(f mn%i‘ferm?ca f%;qedo%%i %133' e B]Iélﬁl Ii)aasrgd on
product of claim?d, wherein the conputer-readable medium furtner
i ncl udes codenfebqualiwaeiioriongidrngicolodirn ébwjnk kid the estivhhiedtase andhingrfambdedor the
i ndi cative ﬂﬁmghannel quality of the downli nk.
estimating noise and interference for the downlink based on the estimated noise and
10 interference for the uplink and the asymmetry;
determining a precoding matrix based on the sounding reference signal;
determining at least one modulation and coding scheme based on the estimated noise and
interference for the downlink; and

sending a data transmission on the downlink based on the precoding matrix and the at least

15 one modulation and coding scheme.

6. The computer program product of claim 5, wherein the computer-readable medium further includes

code for receiving the channel quality indicator information indicative of channel quality of the downlink.



