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[0002] The present disclosure relates generally to

communi cati o (. f i i ques
for transm ttnpﬁg?lg%{% TM@WF%EW& ess
conmuni cat i diN AYWIRRLESS. CEAEMIMATIONGYSTEMe| ess
comuni cation systens are w dely depl oyed to provide
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mul ti pl e-access systens i ncl ude code di vi si on

herkefi pddneprparaisd hapwply gfeseRies, tine division multiple
access (TDWVA) systens, frequency division nultiple

access (FDWVA) systens, orthogonal FDVA ( OFDVA)

systens, and singl e- calBAOKEROUUND FDVA) syst ens.
[0004] In a wireless comuni cati on system a base

f 31 atipmaray transmt data to one or nore user
e&@ﬁfmsnts (UEs) on the downlink and/or receive data
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to t reverse |ink)
c@hmnsichidort iste@onmTUNi cat i on Ilnk fron1the UEs to the
base station. The base station nay al so transmt
control information (e.g., assignnents of system

sou the UEs. Simlarly, the UEs may
!fans%g?ﬁ%otu gol information to the base station to
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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 base station may transmit data to one
or more user equipments (UEs) on the downlink and/or receive data from the UEs on
the uplink. The downlink (or forward link) refers to the communication link from the
base station to the UEs, and the uplink (or reverse link) refers to the communication link
from the UEs to the base station. The base station may also transmit control
information (e.g., assignments of system resources) to the UEs. Similarly, the UEs may
transmit control information to the base station to support data transmission on the
downlink and/or for other purposes. It is desirable to transmit data and control

information as efficiently as possible in order to improve system performance.



SUMVARY [ 0005] Techni ques for transmtting
acknow edgenent (ACK) information in a wreless
wW@e 0vseoeat i on system are descri bed herein. ThECEHYS108T080200
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resources with spatial divi sfon multi pl e access
(SDVR). [0006] A base station may send a M MO dat a
transm ssion conprising nultiple (M layers to up to
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transport block, a data JiiRf¥gARYata stream etc. In
one design, downlink resources used for data
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informati on and may send the uplink signal to the base
dera@dudaiion on the received signals to obtain received symbols. The base station may

then process the received symbols from each portion of the ACK resources to obtain
ACK information sent by the UE allocated that portion.

[0008] In one design, a UE may receive the data transmission sent to the multiple
UEs with SDMA. The UE may process the data transmission to recover data sent to the
UE and may determine ACK information for the recovered data. The UE may also
determine ACK resources for the data transmission and map the ACK information to a
portion of the ACK resources allocated to the UE. The UE may generate an uplink
signal with the mapped ACK information and may send the uplink signal to the base

station.



WD 2008/ 042904 PCT/ US2007/ 080200 3 [0009] The ACK

resources may be partitioned based on various ACK
w@resos9es, as described bel ow. Various asper€BHUS2907/080200

features of the disclosure are also described in

further detail bel ow BRIEF DESCRI PTION OF THE

DRAW NGS [0010] FIG 1 shows.,a w rel ess

mul ti pl e-access connunication3systen1 [0011] FIG 2

shows downl i nk and upl i nk transm ssi ons between an eNB

U FIG 3 shows.a transm Ssio
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transm ssion of only control information by the UE.
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information by the UE. [0016] FIG 6A shows downli nk
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[0023] FIG. 17 shows a block diagram of one eNB and two UEs.

[0024] FIG. 18 shows a transmit (TX) data and control processor and a modulator.
[0025] FIG. 19 shows a demodulator and a receive (RX) data and control processor.
DETAILED DESCRIPTION
[0026] The techniques described herein may be used for various wireless

communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and
Low Chip Rate (LCR). ¢dma2000 covers 1S-2000, 1S-95 and IS-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such



Communi cations (GSM. An OFDVA system may i npl enent a
radi o technol ogy such WO 2008/ 042904 PCT/ US2007/ 080200
wa2as/0Bool ved UTRA (E-UTRA), U tra Mobil e BroaRdENS2007/080200

(UMB), | EEE 802.11 (W-Fi), |EEE 802.16 (W MAX), |EEE
802. 20, Flash-OFDMr), etc. UTRA, E-UTRA and GSM are
part of Universal Mobile Tel econmuni cati on System

(UMFS). 3GPP Long Term Evol ufion (LTE) is an upcom ng
rel ease of UMIS that uses E-UTRA, which enploys OFDVA
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communi cating with the UEs and nay al so be referred to
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[0028] UE ThEh&ystdEa migey puepoadhydaid yutemmlmétmntqimessdmmmAKQ). For
IQIIA?{ on t e loxl)vgl%{nk, an eNB may send a transmission for a packet and may send
one or more retransmissions until the packet is decoded correctly by a recipient UE, or
the maximum number of retransmissions has been sent, or some other termination
condition is encountered. HARQ may improve reliability of data transmission.

[0029] FIG. 2 shows downlink (DL) transmission by an eNB and uplink (UL)
transmission by a UE. The UE may periodically estimate the downlink channel quality
for the eNB and may send channel quality indicator (CQI) to the eNB. The eNB may
use the CQI and/or other information to select the UE for downlink transmission and to

select a suitable rate (e.g., a modulation and coding scheme) for transmission to the UE.

The eNB may process and transmit data to the UE when there is data to send and system



for the eNB and may send channel quality indicator
(CQ) to the eNB. The eNB may use the CQ and/ or
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transm ssion and to select a suitable rate (e.g., a
nodul ati on and codi ng schene) for transm ssion to the
UE. The eNB may process and transmt data to the UE
when there is data to send and system WO 2008/ 042904
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Hép%ﬁéé'ﬂt of 'tl%‘sy%khﬂ@édd&@dtﬁo@i hBabe BRI RE12145686,7120, ldﬁeor 2048 for
downl i nk and “upl i nk. The transm ssion tineline may be

phestemni birgkvadthiofitld 5s 2|}5f pakfear,20 MHz, respectively. In general, N may be any
integer value.

[0032] FIG. 3 shows a design of a transmission structure 300 that may be used for
the downlink and uplink. The transmission timeline may be partitioned into subframes.
A subframe may have a fixed duration, e.g., one millisecond (ms), and may be
partitioned into two slots. Each slot may cover a fixed or variable number of symbol
periods.

[0033] For the downlink, K resource blocks may be defined in each slot. Each

resource block may cover V subcarriers (e.g., V=12 subcarriers) in one slot. The

available resource blocks may be assigned to UEs for downlink transmission. In one



A subfranme may have a fixed duration, e.g., one
mllisecond (ns), and may be partitioned into two
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of synbol periods. [0033] For the downlink, K

resource bl ocks may be defined in each slot. Each

resource bl ock may cover V sugcarriers (e.g., V=12
subcarriers) in one slot. The” avail abl e resource

bl ocks nmay be assigned to UEs for downlink
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subcarriers in each slot of a subframe. [0037]
shoveutiye delsiagierpin eack klot oka subftaoree 410 t hat may be

Hﬁf‘aq] for t(? 4A shows a design of a slot structure 410 that may be used for the
downlink and/or uplink. In this design, a slot includes six long symbol periods 1, 3, 4,
5, 6 and 8 and two short symbol periods 2 and 7. A short symbol period may be half the
duration of a long symbol period. Data and/or control information may be sent in each
long symbol period, and pilot may be sent in each short symbol period. A modulation
symbol may be sent on one resource element, which may be either one narrow (e.g., 15
KHz) subcarrier in one long symbol period or one wide (e.g., 30 KHz) subcarrier
(which covers two narrow subcarriers) in one short symbol period. In general, a
resource element may be one subcarrier in one symbol period and may also be referred

to as a resource unit, etc.



downl i nk and/or uplink. In this design, a slot

i ncl udes six long synbol periods 1, 3, 4, 5, 6 and 8
w@arpas¥xoshort symbol periods 2 and 7. A short PGHIRIN7/080200

period may be half the duration of a |ong synbo
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[0042] In general, the UE may send any one or any combination of ACK, CQI and
data on the uplink in a given subframe. The UE may be assigned ACK resources and/or
CQI resources located near an edge of the system bandwidth. The UE may also be
assigned uplink resources within the data section. The subcarriers for the ACK and/or
CQI resources may not be adjacent to the subcarriers for the uplink resources. The UE
may send ACK, CQI and/or data as shown in Table 1 in order to ensure that the UE
transmits on contiguous subcarriers regardless of whether ACK, CQI and/or data are

being sent. This may then allow the UE to achieve lower PAR.



the waveform A low PARis desirable since it may

allow a power anplifier (PA) to be operated at an
wW@r@sageoput put power that is closer to the peRKI/USL0PTL080200

power. This, in turn, may inprove throughput and/or

link margin for the UE. [0042] In general, the UE may

send any one or any conbi nati 8n of ACK, CQ and data
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aiappask te gifferentssetsfof subraaiars ey theitwo slots afwoubframs. dhe éIE may send

85{9 farrl contro-[ om%at{roa on %e Subcarriers in the assigned uplink resources in each

symbol period. The remaining subcarriers may be used by other UEs for uplink
transmission.

[0045] FIGS. 5A and 5B show frequency hopping from slot to slot to achieve
frequency diversity against deleterious path effects and randomization of interference,
which may improve performance. Frequency hopping may also be performed over
other time intervals, e.g., from symbol period to symbol period, from subframe to
subframe, etc.

[0046] The system may support single-input single-output (SISO), single-input
multiple-output  (SIMO), multiple-input single-output (MISO), and/or MIMO
transmission. Single-input refers to one transmit antenna and multiple-input refers to
multiple transmit antennas for data transmission. Single-output refers to one receive

antenna and multiple-output refers to multiple receive antennas for data reception.



data and control information on the subcarriers in the
assi gned uplink resources in each synbol period. The

WO 20v8i0#09ny subcarriers may be used by ot her UBBCT/1082007/080200
uplink transm ssion. [0045] FIGS. 5A and 5B show
frequency hopping fromslot to slot to achieve
frequency diversity agai nst dgleterious path effects
and random zation of interferénce, which nay inprove
performance. Frequency hopping may al so be perforned
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sane set o resource bl ocks. The eNB nmay perform
perstddihe gNBrmbsemﬁmnmon orolagersde cachdUE fendpMA, gnd pech UE may

re%gveqllt%%yeHE Wltﬂ a sufffchen?%umbgr octhan‘%n ey be able to

receive it a single enna as shown in

f00@9] 6B.Anl BBIBGhiBy Ryisialtsdatd foaaﬁenbt rﬁdﬂ@ UMl &y ens of rnﬁ?tm: IVesource
antennas one layer fromeach antenna. In this ca

Bloelks- Uk dpsipiqneete MRstheh® INvDYt Usibe SlS%nMﬁ@sﬁlaMm thSU -MIMO
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rraytransmt data to one or nore UES on ‘one or nore
lagetomay be independently acknowledged. The ACKs for the M layers may be jointly
encoded and sent on either the associated ACK resources or the uplink resources
assigned to the UE. For SDMA, the eNB may send a MIMO data transmission
comprising M layers on L resource blocks to M different UEs, where L and M may each
be any integer value. The M UEs may send their ACKs on the same ACK resources
associated with the L resource blocks used for the MIMO data transmission, which may
then lead to loss in orthogonality.
[0050] In an aspect, for SDMA, each UE may transmit its ACK on a different
portion of the ACK resources in order to preserve orthogonality on the uplink between

the M UEs. In one design, the ACK location for each UE may be implicitly determined
based on the layer sent to that UE. The ACK resources may be partitioned into M
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[0054] FIG. 7B shows a design of an ACK structure 720 for four UEs spatially
multiplexed onto one downlink resource block pair with SDMA. In this design, each
UE transmits its ACK in either the first or second slot of a subframe. The transmission
time interval (TTI) for the ACK from each UE is effectively reduced from one subframe
to one slot. In the design shown in FIG. 7B, UE 1 is allocated subcarrier 1 in the first
slot as well as the pilot subcarrier in the first short symbol period of this slot. UE 2 is
allocated subcarrier 2 in the first slot as well as the pilot subcarrier in the second short
symbol period of this slot. UE 3 is allocated subcarrier 1 in the second slot as well as

the pilot subcarrier in the first short symbol period of this slot. UE 4 is allocated



being transmtted and that a M MO data transm ssion is
sent to M= 4 UEs with indices of 1, 2, 3 and 4. Mich
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slot structure shown in FIG 4A. [0053] FIG 7A shows
a design of an ACK structure 710 for a single UE

assi gned one resource block pair on the downlink. In
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resource el enen

ﬁuih@&lrﬁﬂ ghortagyantsll @tried.| oAt dgd aIl@calté’taﬁubUﬁrlef QQf5kelFh&the higher
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four UEs spatially nmultiplexed onto two downlink

syaslonl pevods afghis phoitr B tsrall8DNI] subsatricrs3 ded# gnthedastrslot as well
as the higher pilot subcarrier in both short symbol periods of this slot. UE 3 is allocated
subcarriers 1 and 2 in the second slot as well as the lower pilot subcarrier in both short
symbol periods of this slot. UE 4 is allocated subcarriers 3 and 4 in the second slot as
well as the higher pilot subcarrier in both short symbol periods of this slot.

[0058] In ACK structures 820 and 830, all four UEs are allocated the same ACK
bandwidth in the subframe. The ACK bandwidth allocation for each UE is symmetric
across both slots in ACK structure 820. For both ACK structures 820 and 830, each UE

may map its ACK to the resource elements in the subcarriers allocated to that UE in

either one or two slots.



UE is allocated subcarriers in the same |location in
the first and second slots of a subfrane and
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each slot, UE 1 is allocated subcarrier 1 as well as
the | ower pilot subcarrier in the first short synbol
period. UE 2 is allocated subﬁgrrier 2 as well as the
| ower pilot subcarrier in the“second short synbo
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across the two slots. Each UE may map its ACK to the resource elements in the
subcarriers allocated to that UE in the two slots.

[0062] FIG. 10A shows a design of an ACK structure 1010 for a single UE
assigned four resource block pairs on the downlink. In this design, the ACK resources
comprise eight subcarriers 1 through 8 in each slot of a subframe. The UE may receive
a MIMO data transmission comprising M layers and may use all of the ACK resources
to send ACKs for these M layers.

[0063] FIG. 10B shows a design of an ACK structure 1020 for four UEs spatially

multiplexed onto four downlink resource block pairs with SDMA. In this design, each



subframe and transmts its ACK in both slots of the
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wGemsas9ers 1 and 2 as well as the | owest pilBET/US2007/080200

subcarrier in both short synbol periods. UE 2 is
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Ofaéwntfﬂ%e@ HE Boy IMtiGBEPssots gligtsar nE &% may, map its
IA@K foRe sBlirSe clIMMRNGH thed BT s k%ﬁﬂéjé%dj{ohhe?tllh@ ﬁf"tthh @Ko slots.

for each UE is not symetric across the two slots.
F6H] UE Fi&ly highp shows ACKetign totﬁeanr eddlrstmcmiengh® doi p single UE

t he carrier aIIocatedt t, UE j,n the t

tvored TPEgespRE Rt ons Ja BB ol b Aol ACK resources
SdrhpredeUere subedictOr thaowihnial ia ehﬁl NS agsﬁll@ﬁ‘aﬁl@u ThE ©FOMBE Eeceive a
bl ock pairs on the downlink. In this design, the Al

MY detedrangmispion semeriging M lyeesrandenay asctarofulgh ACK pesources to
SRk oMo M HREAME, The UE may receive a M D
a

ransm ssion onprl sing Ml ayers and may use all

[!f065]1€ ATIG. e Boho68 S ddsinseuh ACKsstiueturt Nes@ fdvl foal BIES .spatially
[0063] FIG 10B shows a desi %n of an ACK structure )
mopleer gy fvetawalind reapyrge dlogk prist Bx@SIOMe Fotlis design, cach

e S 0a 0SB0 Aot b JoY 463k Sgogeston of @

s@fmhiecmﬂttmﬁsmﬁbd&%r@lé lirsbd)th stdie oS thawsubdaat.i bnthiedirsthsdot, UE 1 is

rst .and second slot bf ra and.transmts
%caﬁé:éug?@r%fm 2987 8 ﬂeasstHBF‘?’%EEWGSF milghgbcairiges in the first
&ﬂ%rtlsyn%ol %'eﬁ@& ﬁﬁ(‘? FheSlHQ/@Wﬂllo? @%&rr?é? An 2heaSec¥id khd?ﬁsﬁﬁ?ol period.
| owest pilot subcarrier in short synbol periods.
UE leuaéloaattcbmmcememm feasswsll anthegniddlevpelol subsatriee in the first

EF Dinor Bt i B posBy B! Lldab P b s W Bigpgnd stor
g&fnbol period. UE 3 is allocated subcarriers 7 and 8 as well as the second highest pilot
subcarrier in both short symbol periods. UE 4 is allocated subcarriers 9 and 10 as well
as the highest pilot subcarrier in both short symbol periods. In the second slot, UE 1 is
allocated subcarriers 1 and 2 as well as the lowest pilot subcarrier in both short symbol
periods. UE 2 is allocated subcarriers 3 and 4 as well as the second lowest pilot
subcarrier in both short symbol periods. UE 3 is allocated subcarriers 5, 6 and 7 as well
as the second and third highest pilot subcarriers in the first short symbol period and the

middle pilot subcarrier in the second short symbol period. UE 4 is allocated subcarriers



the second hi ghest pilot subcarrier in both short
synbol periods. UE 4 is allocated subcarriers 7 and 8
W@s200804194as t he hi ghest pilot subcarrier in bor¢T/EkN1080200

synbol periods. The four UEs are allocated the sane

ACK bandwi dth in the subframe, and the ACK bandw dth

al l ocation for each UE is sy tric across both slots.
Each UE may map its ACK to t resource elenments in

the subcarriers allocated to that UE in the two slots.

0064 |G 11A,sho a.design of .an ACK structure .
b el Fhd Do QT BT elhe S8 aheh Siphiperiod and the
RAd Righ& plibesud@abis ik thelsBcdndi shod 8988 petibg. ACK
resources conprise ten subcarriers 1 throu?h 10 in
HWehl s| dn tbe designbshoamein FHe. UEBmagchr Biéeisvelleratent amptal of five
data transm ssion _conpri s | ayers and . e all
S Pris R S SR ReEITRRC Sol e e iy TR TG g The four
DORGR] alfocied 1HdBaslRONCK bablewide (a2 fth sunAGKta$ hiimbérbfeubcarriers) in
1120 for four UEs spatially nultiplexed onto five

theviroi shads - Elooievete thy AEIK padwgdiy allecaspufor each HiEsis not symmetric
10 C UEL] t b rjie ' Lff .
2Pl R Nots, Epdh, EE BRR1A M REKLICHD, Il ol in the
sbdaitricandivcitsd kd hatNTK in theroblsl@s.ot s of the subfrane.
hﬁ the first slot, UE 1 is allocated subcarriers 1, 2
878 adnvisnrrehse MO GRBERISHPT Says b eghty b s Tgpprce block
gzh?s, fihd & as§ifdtdd RYROREoRESS RS RRFEDE duBWRSErsRh k&M slot, where
ubcarrier in the second short” synbol period. UE 2 is
&l bcdbed (Fubsaurcesemsy U¢ alfocated t6 fag Wied 4s shewh e Tabld@l dn Table
il ot subcarrjier i .fipst . . short, synbol ri od an
i SUaRRE B rnd AR ieblofis 156 Ua BT a D GarFBR o send
RGO GeRRed to aSUPIRL tAR! bkl a sWbirt 3ymboPbérifdeds@dferred to as a short
subcarriers 7 and 8 as well as the second hi ghest
plorlotSB)lsubcarrier in both short symbol periods. UE 4
is allocated subcarriers 9 and 10 as well as the
hi ghest pil ot subcarrier inTgﬁF? short synbol peri ods.
In the second slot, UE 1 is allocated subcarriers 1
ant—2—as—weH—as—tthet+owest—pirtot—stubecarrier—+m—both
s h8lat gynbSubcpwiargtpnes UE 2 | EEd| | ocaVEBR siibcHES es BE 4

and 4 as well, as the second | t [pl $u N er
n botth short’ ?ﬁﬂﬁ?speriodst%Z?B ithPﬂocaﬁgzﬁj [L/2]

,ubqarriegﬁﬁﬁtgg?gﬂpﬁvigs meIILlas t he; second pd L,

hird highes subcarfliers inlthe inrct short

2

[

E J ~

synbol |petiPildt @nds inf3? SBi ddl e pi | of subcarfierLin fhe L;
2

f

[

second [snort _symbol period| UE 4,7% aifocage

[ bear i ers W@aoBE42904 | PEF/ 5200210802001 L141g| $L/2]
and~10 [as 1. as [ hg, il ghest pi oy supcarnier,_in gne

i r 3t ¢hoﬁ$ﬁk$ﬂﬁﬁﬁnb%r§%d and the |twothighesttpitor L2
subcar 111 epPiloftohbeinsetgnd short, symboly perifod.1] 0066] T,
L+t haoldaoct ~an o h Ay HE- Sl Y e 11D adalk 11— . 4 ad
il CIIC UCT ol ull Olluvm | LI ] L 1L, cavtl UL |
a total of five

[0068] In Table 2, \_xj denotes a floor operator that provides the largest integer

all Ac o4
LI

alt Cu

value equal to or less than x, and ]—x—‘ denotes a ceiling operator that provides the

smallest integer value equal to or greater than x. L, through L4 are the numbers of pilot
tones in the four short symbol periods of a subframe for a given UE and may be

determined as follows:

L =[(L+3)/4], L,=[(L+1)/4], L,=[(L+2)/4], and L,=|L/4], Eq(1)



subcarriers - two subcarriers in one slot and three
subcarriers in the other slot. The four UEs are

wa@bdososoed t he same ACK bandwi dth (or the saneP€DU81007/080200

nunber of subcarriers) in the two slots. However, the
ACK bandwi dth all ocation for each UE is not symretric
across the two slots. Each U y map its ACKto the
resource elenments in the subcarriers allocated to
that UE in the two slots. [0067] In general, a M MO
data trapsm ssion pay be sent on L resource bl ock
WEFTIESI;‘I J%\]ﬂd*llhélatﬁgciyat ed ACK resources may include 2L

[ ' h sl , - Wh ) 1...The A
PRSI cf iy SR ar vt “RED B Cime® aUOURa0 s 1.2 3 and
TaRkgechvelyN A@RldRated in@oRIHRE B! Uieel iVsifitatea ]—SLQ’Qq HEKidnSs in the
referred to as a data tone, a subcarrier used to send

Risk Qot hisd [1€f B dR8tdn@s ASth s@®ioh@'slok ANGyilod BfheinStRe st short symbol
synbol period is referred to as a short block (SB).

pétddeand 1Sl Atot s af thie 8E&Mi3AES siabdl pdbod oBhe3fitsEs1ét, aid L; pilot
Data tones rL/21 rL/21 LL/21 LL/2] 1 # Pilot tones in
tpges apthe fiysp shayt sympolppgripd angnbs pilet gesm the yeconds shegt symbol

Pt GRARnl A 1 Bhe bt Shof Sl gl VA S in e
Ep P ovi des the Laraest | nteger . val yo. eaual (o s

L TR N TR b R UG g8 e ptak ol data tones
BY Q¥ 063 10tD6S o malnﬁttregérﬁfeggif thé @R FGUaThds@ 10data tones may be

greater than x. Li ugh L4 are the nunbers of pilot
distmstddracrdve thotwo slotrin difedsot mpendre ds dffewns udfiesaofel and also

%@&@%ﬁtﬁﬁs’ L{E%aag&dgi%)lq%?ﬂf’ I?,Eetgglrl:ﬂ]g[}g_ gsl(?czl}efdom\f_(igtaLfones in one
UAbped A o T EDA 0% beyin Foreibiiona daPineyes vajue of L
AT B e 1ok e froSi R LEF dhfriaes each B

R AR R W .
tohhe fbuis§hosthgiibos potdeds of a subframe regardless of the value of L. These L

pilot tones may be distributed across the four short symbol periods in different manners

for different values of L and also for different UEs. Each UE is allocated either \_L/ 4J
or ]_L/ 4—‘ pilot tones in each short symbol period of each slot depending on the value of

L. L, through L4 are equal to zero for L =0. For each increment of 1 in L, one of L;
through L, is incremented by 1. L;, L3, L, and L4 are incremented one at a time and in a

circular manner starting with L,, as follows:
L.,L,,L;,L,=1,0,0,0 for L=1, L.,L,,L;,L,=1,0,1,0 for L=2,
L,L,,L;,L,=1,1,1,0 for L=3, L,L,,L;,L,=1,1,1,1 for L=4,
L.L,,L;,,L,=2,1,1,1 for L=5, L.,L,,L;,L,=2,1,2,1 for L=6, etc.

[0072] As shown in Table 2, each UE is allocated Ly, L,, L3 and L, pilot tones in the

four short symbol periods of a subframe. Furthermore, L, +L, +L, +L, =L total pilot

tones are allocated to the four UEs in each short symbol period.



period and L2 pilot tones in the second short synbol
period of the first slot, and L3 pilot tones in the
wo poos49port synmbol period and L4 pil ot tones PET/UR®07/080200

second short synbol period of the second slot. The

tone allocation for each remaining UE is shown in the
respective columm. [0070] In e design shown in Table

2, each UE is allocated a tot of L data tones in

the two slots of a subfrane regardl ess of the value of

g3 o P2 P8 o BT B ARy B eoopan yheRgesourees

éorﬁlgﬁjs @ 8 RotalfIN L datd Rh&NN e‘aﬁ%sloﬁﬁ{d 2otDSE 4V ilbetoREs i four short
UE is allocated LL / 2] data tones in one slot

amlbdt Ipeyiogy] of twpislats. 2n gengral gheaACEresoureestnigy st dllocated to M UEs,

va ue of FL /

Shés, eLcﬁqu}tﬁ?ngvf b Bl L7346k ‘P OPﬁ]Slé’aéIPfi foL/u]
I&ag[g b %gna‘gll] ther tsfoltf' Fgc%fsﬂjg %&hag%eoﬂlesgt%di Iﬁzéia%nd pllot tones
Bhae fo@)ﬁﬂ@@hyrﬁwllp@ﬂsd@ﬁwh&h&mj begeet egar dl ess of the
value of L. These L pilot tones may be distributed
across ihe four short synbol periods in different
mannérs G#bﬁ“ﬁ?¢¥@?@ﬂﬂavaﬂueﬁQbﬁ(Lm@ﬁélﬁr§hJ#or Eq(2)
different UEs. Each UE is allocated either LL / 4] or

cachlaFofl ¢ 2%@%8%3%,? cratudtd” T P ough La

are equal to zero for 0. For each increnment of 1
g E‘ L4 is increnented by 1. Li,
W’GEUZ 47, nted one at atine and in a

Eil()’rﬁ | ﬁ?lﬁ?m}gr‘c 216‘1 @%how Ereiuénl_?l%iv 51§%n}_¥§pli_x16g ?f JE?ur UEs on

hoK kes@urced-basb@ oh?ehé_éloFﬁtrLﬂcmlre Ghdwn il FBG. 4A., DMultiplcI4Es may also
=1, 11,1 for L=4, Li 121314=2111for L5
bg multinlexed pnACK Tesourgey pased gn ogycs Slof geedyrens shown i n

F@?e |n]$ﬁquE%Sy%s %%gﬁgyﬁgyébper th ?@@ ﬁ%ﬁfbﬁéﬁpmmﬂy
Fuitipierctone orle, downllizk +edoBree blldblq)ai.r Witk ﬁ]le sh}t Ismﬂctuttecshe\ﬁn in FIG.

v Bah By 200bok2oaliobier Ubses 60260 6T obyay is allocated

JRL&icf 25hoshiRt 486 1LaN3 iNaMh@h siBkkridESinahe s@oh@SRE Sfd UE 4
ACK resources conprising a total of 2L data tones in

sadlocgtdsutmadica 2tiottld scobndislopi Eath WBmesy inap fto iCIs hpsik resource

nbo) riods of two,slots. In general, .the Al .
PR RS e 2dloy sy BLRL BhShe MpHieS Cihigns il Thy Sbcrrier and slot
HashtcWko rRYUIPE al | ocated L2L / M data tones in one
slot and r2L / M data tones in the other slot. Each

[0076by 165 188 diomscadasieniof an ACK| srushue 122 forgour bikespatially
multiplexed onto two downlink resource block pairs with the slot structure shown in
FIG. 4B. In each slot, UE 1 is allocated subcarrier 1, UE 2 is allocated subcarrier 2, UE
3 is allocated subcarrier 3, and UE 4 is allocated subcarrier 4.

[0077] FIG. 12C shows a design of an ACK structure 1230 for four UEs spatially
multiplexed onto three downlink resource block pairs with the slot structure shown in
FIG. 4B. In the first slot, UE 1 is allocated subcarriers 1 and 2, UE 2 is allocated
subcarriers 3 and 4, UE 3 is allocated subcarrier 5, and UE 4 is allocated subcarrier 6.

In the second slot, UE 1 is allocated subcarrier 1, UE 2 is allocated subcarrier 2, UE 3 is



in the four short synbol periods, which may be given

as: L, = AL+ (3mdM™M) / M, L2 =AL+ (1 nmdM)
WO 2008/04298y (2) L3 =L(L+(2nmodM )/ M , L4 =LL/ MpCT/USHET/@80200

Li +L2+L3+L4=A4L/M . [0074] FIGS. 7A through 11B show

frequency division nmultiplexing of four UEs on ACK

resources based on the sl ot sf;ucture shown in FIG

4A. Multiple UEs may al so mul ti pl exed on ACK

resources based on ot her slot structures [0075] FIG

e S PefripS A Prrilul Diw bl ofhirrsme > tngofly Baeh UE s

BlRatedRak rsuwahkbrtnhsnesil@tt anRlttve GLibda8ri & AWMhc lofhoF g, 4B.
In this design, is allocated subcarrier 1 in the

fﬂ0r7§l sllHG 1 szhom 8a41¢8tgr1a@fe9d1 Aglbsarcturerl 220 for foheUEs spatially

b
rn |[t1 n%i{egl nito our1]r Cfioﬂ)fl_lhﬂk 1resou1r(.iedb1(Q’%l Sand | egl écgi sﬂ)} sg'u?tlﬁre shown in

F]f@ sBcond esdhotlot, BAE N1 hEaHBNatéfﬁ@ubdaﬁnM bfd 9 UE 2 is allocated
resource el enents and map a pilot synbol to one
ﬁl&@@@&e&% endnenbE 3 i wélogq}%é\dl?qaémer&r?da%d &t andy| Yl “aisegllocated
0076] FIG 12B shows a design of an ACK
f%@?&{§5¥5 O for four UEs spatially nmultiplexed
[1]0(79] t waMdioiptd  Uids nnag CH]HOC be hhﬁ)lﬁble&ai o thict ACKheessues in other
structurglshomn in ach_s| ot

lis .
aepeEa et ethst g}urlmé?m&g SEJP_ﬁn?eSu ek oBaVE fods E’é‘&?IPP dpultiplexing

§3 ctd irSartlcPaadigd n‘iﬁﬁ 1@ rUEserﬁafbe ﬁlﬂﬁlpli&eﬂ oh$he ACK resources
I Tocated subcarrier 4. FI'G 12C shows a design

ofing i DAGKangdtaacle Ul mayl B8 Gllécmedf 2osnbsdied thspsytnital Ipyrlods for the ACK

B SR S o R SR P R ot

§dhkmles, %l O FDMEand TOMBITIDM ahe @DMb@t@r Mlﬁﬁglelj@sﬂﬁaﬁ be Hﬁlltlplexed
2 is allocated subcarriers 3 and 4, UE is allocated

b@ﬂ@é another ASK stiectwes and ethex slefctuetyresuybigh mayrbegiependent on the

|| ocated subcarrier 1, UE 2
ﬁ@?"“g%?mgm%%%%‘J?Crt?deiﬁO%é‘g ‘UE 3 is WD 2008/ 042904

WD'SO}JSZ Q0 G.Q86RO0s a Udsigl boLcaloeshs I80C aoristiditg Amﬁlfdrmatmn by a
and UE 4 is allocated subcarriers 5 and 6. Each UE i
Bt oA delaranmiss OB es i parull Bl g BithSLMA miobe received at the UE,

F
GARRGE OAPONE R PERThI0Sk P11 TS Bhs Tl ath SO locessed
toutdcopdredagd santto thoWrE dderit i1Bkd)r eA0KN oomhadiok (odi.r s ACK or a
B0 o focrefaveind o tSubimneanblosk 44500, AR S for the
&hth A6 ALRLsioR %9@1“0' t%rcﬁatgmﬁi% (‘ﬂ)lockﬁ 338) ST l?é hegahedmation may be

subcarriers is allocated
mapped to a portlon of the ACK resources allocated to the UE, with the multiple UEs

being multiplexed on the ACK resources based on one or more multiplexing schemes,
e.g., FDM and/or TDM (block 1320). Modulation may be performed on the mapped
ACK information based on SC-FDM (block 1322).

[0081] For block 1318, the location and/or amount of ACK resources may be
determined based on the location and/or amount of downlink resources used for the data
transmission. The amount of ACK resources allocated to the UE may be determined
based on the number of layers sent in the data transmission. The data transmission may
comprise M layers for M UEs. The ACK resources may be partitioned into M portions
(e.g., with FDM and/or TDM), and each layer may be associated with a respective



subcarriers 7 and 8. [0079] Multiple UEs may al so be
mul ti pl exed on the ACK resources in other manners
wowraok/omoner nmul ti pl exi ng schenes such as TDM POOES2007/080200

di vision multiplexing (CDM, etc. In another design,

mul tiple UEs may be nmultiplexed on the ACK resources
using TDM and each UE may be, al |l ocated a subset of

t he synbol periods for the A resources. Multiple

UEs nay also be nultiplexed usi ng a conbi nati on of

Bieon e AP EaTRE B Hortion oY oA CkoHea oty L AGR (© the UE

ﬁ%b@héﬂéﬁhﬁh&@ﬁa@a%ncatﬁaeﬁcmr%ye%géﬂﬂ@5 HeasE. whi ch may be
dependent on the I'ti pl exi ng schenme(s) selected for

uwsm [ omplmk@&mﬂh@ nﬁord@@pg madfbeamfmp@d ¢ 8 firgeQ of at least

?ne %usoearglser %}]Agé(r {)toarnﬁﬁrf)l onchX(bé%t att leaégm % )(ia%ler in a second

sleceThned rdsb@rcéﬁnay\b%u@éhtedslnqne fiedt alhb§edBldtdldak.e TEPortion of
bl ock 1312). The data transm ssion may_be processed

the Ak geromrcga plocatsdtto thy WRanayronyirse P’(helfgfih")nd saegad sets of at least

n r 0
d%{ %{fb@yw Al g?lgtr“rﬁlg ntg@‘%flg Cl&f@ﬁfg%d@gﬁ) m%fck %(fg)ea}s/ gegt %‘f‘ at least
bllme suld:aira:r tin amsmfsmubipld'raly)tsal $he beCK &bﬁmmeﬂ aday( bt dﬁéated in the
The |nfor y be ed to a portion
tn%f*esl,@\wl} n%%% ARedesppreenaliegeiedyp ke Diamay comprise
{Hél sEﬂ KL léé'§§oneb§lb@£r1gﬂ~” ﬁl' g%h@r%? %eoﬁckhﬁfo%&'éué@ Y 'B%(?%al&ped to at
based on one or nore nul tiplexing schemes, e.g’,

ast/ o sTDMr(ibl mck 18320he slobdiitdedso nnﬂayoibﬁfnﬁml fooryntedmapped in

39201 AFORRA FBF HP k-1 BEDY Ko of Gl PB, Sy loent in th

@lm‘df&i P tiMCHE 1he SOUK GBSouf®RY. RECK d@inBbI¥ foe thebASRUinStmation may
the | ocation and/ or amount of downlink resources used

bormanped dgt eemainiaasivas¢orlenmne andimiallegatgdportion of the ACK
rces all ocated to the UE may be determ ned based

€ nunber of |ayers sent in the data transm ssion.
[les3pat FI1Q. ddshbows b ABsipRB ai€ ffRirdtee 1400 @Y e¢iilif OACM information.
UEs. The ACK resources nmay be partitioned into M
&p%m%slmpemgludemq%nwﬁm éﬁ%‘/Vé}g FOR) UE ah dlaBatrpnsmygsden sent to

BRI e et o BB isin
fdeevqralata sent tofthd D& (AGduleelsiddy, mnafdr@ke&tmﬂlimg)ACﬂfeinﬂEmation for
et eT bR MRGHE 7 ek PE8B0 o iSRS ARSS FPRBRS fyhe dat

RensiRRRGH (Iﬁ@dt@e flhfé?t meGhs R rﬁéppkrfgaﬁﬁ% A@KQnM‘Qﬁ&{ tPh portion of
in afirst slot and to a second set of at |east one

thebr@K resourden aHogtslandhe UE, with the multiple UEs being multiplexed on the

re%gl%r

ACK resources (module 1420), and means for performing modulation on the mapped
ACK information based on SC-FDM (module 1422).

[0084] FIG. 15 shows a design of a process 1500 for receiving ACK information
from UESs at a base station, e.g., an eNB. A data transmission may be sent to multiple
UEs with SDMA (block 1512). ACK resources for the data transmission may be
determined (block 1514). Multiple portions of the ACK resources allocated to the
multiple UEs (e.g., based on FDM and/or TDM) may be determined (block 1516).
Demodulation may be performed on SC-FDM signals received from the multiple UEs to

obtain received symbols (block 1518). The received symbols from each of the multiple



slot. The ACK resources may be located in the first
and second slots. The portion of the ACK resources

wa@bdosoamoed to the UE may conprise the first anPCHES®NT080200

sets of at l|east one subcarrier. Alternatively, the
ACK informati on may be mapped to a set of at |east
one subcarrier in one of nultjple slots. The ACK
resources may be located in the nultiple slots, and
t he portion of the ACK resources allocated to the UE

PSP 1o A GRUFRS Pt RO Oy b At K Gmation semt by &
b&?@fooxﬁﬂl@g SSRRE gl OURK (bisas 51v)e sl ot. At |east

one pilot synbol may be mapped in each of the at

[@&él onldegiogtion ef §CK reappedt allpcated e aath YRenayegmupese first and
FeBT Prsbl it o BERHEERPIRL RSt St hntvely s e
reRpiRed syabdle myrbbrwtaﬁleesimrﬁ eheeﬁ@ﬂm S afl [Badt BAe alUcat Rt ﬁdthe first
portion of the ACK resources. [0083] FIG 14 shows

ﬂ@*s riah alsp fem dbpascandsct abet fegst enengibegrigcia the second Jot. The

19(%18{1 'H%tA@K reg&%@@sr aqg}éﬁtegi‘ltg a'cﬁ] %E‘ %a} g%ﬂ@‘?stegg sct of at least one

ecel vi ng at ata transm ssi o
abctiriet & ddbesofwhiIbiplSOMAs. (otlisl casel 4dc2)ved spabslsnauy be obtained from
%oces& ng the data tra smssion to recover data sent

setR Ak st RIGSHRCATA AR theRNgHlot or  det er mi ni ng ACK
[U’ﬂfSQT MatHPRa 1P 'UE, th %arsf3 Bﬁ’é’ 8Ll cd gatll%t Qﬁ]ﬁg&l ﬁayl‘ﬂ)gz @btained from at

means for determ ning ACK resour for the d
terstnewi ssdunee ¢lemdod @ tildm)rt,l.omeﬁﬁ@ AGK mpcasgaltoh@ted\@b(that UE.

b fiGillBiih 2P Be e R pastil G IS RRERE ERpiyed pilot symbol.
Ruddivdal xed s?ﬂﬁbblb emaﬁ% SRS €@ CdPAbIng LdRde cRAtnts in the
nmeans for perf orm@% nodul ati on on the mapped ACK

plideategrenoriém blathed\oh reOUFRM (Paieniioa may2by perf@osd]onFhg received
Zk% sy?nVYf’Il%wﬂﬁ?l}eg&a%éelaga&re%gﬁéieé Jf(g ggttal gc{netec(teef:desly\r/ﬂbogs. éﬁé detected

é%yrﬂtaﬂ andy2NAEcSSIdan obRyh e AAEK infofmatidntsei 18/ théJEEE Wi th
DMVA (bl ock 1512 ACK resources for the data
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the multiple portions of the ACK resources to obtain ACK information sent by a

corresponding one of the multiple UEs (module 1620).

[0088] The modules in FIGS. 14 and 16 may comprise processors, electronics

devices, hardware devices, electronics components, logical circuits, memories, etc., or

any combination thereof.

[0089] FIG. 17 shows a block diagram of one eNB 110 and two UEs 120x and

120y. eNB 110 is equipped with multiple (T) antennas 1734a through 1734t. UE 120x

is equipped with a single antenna 1752x. UE 120y is equipped with multiple (R)
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[0092] At each UE 120, one or multiple antennas 1752 may receive the downlink
signals from eNB 110. Each antenna 1752 may provide a received signal to a respective
demodulator (DEMOD) 1754. Each demodulator 1754 may condition (e.g., filter,
amplify, downconvert, and digitize) its received signal to obtain samples and may
further process the samples (e.g., for OFDM) to obtain received symbols.

[0093] At single-antenna UE 120x, a data detector 1760x may perform data
detection (e.g., matched filtering or equalization) on the received symbols and provide
symbol estimates. An RX data and control processor 1770x may process (e.g., symbol

demap, deinterleave, and decode) the symbol estimates to obtain decoded data and
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processor 1794 and an SC-FDM modulator 1754. Processor 1794 may be used for each
of processor 1794x and 1794y in FIG. 17. Modulator 1754 may be used for each of
modulators 1754a through 1754r and modulator 1754x in FIG. 17.

if apphcable) to

[0097] Within processor 1794, a TX control processor 1810 may receive and
process CQI and/or ACK information being sent in a subframe. In one design, if only
ACK information is being sent, then processor 1810 may generate an ACK symbol for
an ACK or a NAK for each layer, e.g., by mapping an ACK to one QPSK value and a
NAK to another QPSK value. Processor 1810 may then repeat the ACK symbol for

cach layer to obtain one symbol for each resource element used to send the ACK. In



demap, deinterl eave, and decode) the synbol estimates
to obtain decoded data and WO 2008/ 042904
weEFansE2007/ 080200 21 control information. AtPCT/US2007/080200
mul ti-antenna UE 120y, a M MO detector 1760y may
perform M MO detection on the received synbols and
provi de synbol estimtes. An data processor 1770y
may process the synbol esti s to obtain decoded
data and control information. [0094] UEs 120x and
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gomamisym%olssytg ESe'E%al éhra]lpglréeungi elsg2g rha3; per?ormy spectral shaping on the Q
frequency-domain symbols and provide Q spectrally shaped symbols. A symbol-to-
subcarrier mapping unit 1826 may map the Q spectrally shaped symbols to Q
subcarriers used for transmission and may map zero symbols to the remaining
subcarriers. An inverse DFT (IDFT) unit 1828 may receive N mapped symbols for the
N total subcarriers, perform an N-point IDFT on these N symbols, and provide N time-
domain output chips. A parallel-to-serial converter (P/S) 1830 may serialize the N
output chips and provide a useful portion of an SC-FDM symbol. A cyclic prefix
generator 1832 may copy the last C output chips of the useful portion and append these
C output chips to the front of the useful portion to form an SC-FDM symbol containing



ACK information is being sent, then processor 1810 may
generate an ACK synbol for an ACK or a NAK for each

WO 200810429@4 g., by mapping an ACK to one QPSK vaPCEUS2007/680200
NAK to anot her QPSK val ue. Processor 1810 may then
repeat the ACK synmbol for each |layer to obtain one
synbol for each resource ele t used to send the ACK
In WO 2008/ 042904 PCT/ US2007/080200 22 anot her
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shown in FIG 18). [0099] Modul ator 1754 may
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pmuier@kiétyctsdh ayebblsy AbdDE TtumitQ924 may perform a Q-point IDFT on the Q
detected symbols and provide Q demodulated symbols. A P/S 1926 may serialize the
demodulated symbols.

[00102] Within processor 1738, a demultiplexer 1930 may provide demodulated
symbols for control information to an RX control processor 1932 and provide
demodulated symbols for data to an RX data processor 1934. RX control processor
1932 may process its demodulated symbols and provide decoded control information,
e.g., ACK and/or CQI. RX data processor 1934 may process (e.g., symbol demap,
deinterleave, and decode) its demodulated symbols and provide decoded data.

[00103] Those of skill in the art would understand that information and signals may

be represented using any of a variety of different technologies and techniques. For
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synbols to the remaining subcarriers. An inverse DFT
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may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[00106] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium

known in the art. An exemplary storage medium is coupled to the processor such that



detected synbol s and provi de Q denodul ated synbols. A
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ftware qnﬁF nat | o s, of .bot 8 cl ear | I I
F‘Iefi‘&&‘?y '?f‘eatlyhfi‘vs'? é*?e@ﬁ afe%ﬂ& '?ei *tcﬁesé? Ry P drRrTal Riffgose or specia

§%b§&a5&np1)’cé¥ | BySwhy |o@-°e§<ﬁlﬁf)leV ané QBP BiReALSn, KlchUeSputer-readable
nmodul es, circuits, and ste have been described

Bl Biecan eapannaise >RAM Ré&EMEEE RQM4 €DrRAM b et pptlcal disk storage,
magﬁetlﬁtdl&ugtorgé éjth%p gla%ﬁ%{ﬁ: s%orag?ﬁevm%n&e 9 B] gther mgéﬁ@lm that can

War e S upo af applicati

B dscdde shigy of gﬁﬁd dired prograp® s&d: 1@6anshie tlQ:ViBfrﬁ|o|f uﬁsy@ttecsﬁs or data
Skilled artisans, may i npl ement the described
sEHeeirro e fhay camby awms %@ygeﬁ%«% “TRIERANC (94 5PFdaltrapose computer,

gPp! ggﬁ%l- oQUbr %ﬁl gh@g EF&E%H on g Cdn?r&ﬂﬁe%{aﬁ ul qaroperly

not be inte prete eparture
&repda obmphter-prdsda medwsm‘.l Beurxemp[e) XBS joffkere watranststted from a
[ [ i cal bl ocks, .nodul es,

ilJustrative | a
HERTHR BRET B OREh VRS BT PHNE AGOR LB bk gl grble, twisted

pRY, B&itd] TRbLABA 18R (@Sme&f RIrBRE, M HHdI Gk GeeR @b infrared, radio, and
purpose processor, digital signal processor (DSP),

sncrappyd, dhen die gcpmal fdablej mibeypptiedable,i mosted ppASDS)L, ca wireless
{?P@b‘ﬁ%ﬁ%%‘? n%g%}frgre atlra(:"dugJl Fdn3m {cllf(?v%b\ e S n%lu(?ed in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[00108] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of



device, discrete gate or transistor |logic, discrete

har dwar e conponents, or any conbination thereof
waele®sgild t o performthe functions descri bed heC€EUS2007080200

general - purpose processor nmay be a m croprocessor,

but in the alternative, the processor may be any

conventi onal processor, contrﬂgler, m crocontrol | er

or state machi ne. A processor® nmay al so be inplenented

as a conbi nati on of computing devices, e.g., a

onmpi nati on_ pof a P and.a m.croprpcessor,
ﬁqe%&cﬂlqw. oil"ﬁlrtﬁ, &%@?@8%% & g(?t 1 {?gg?ﬂ? torgger Ermteg to the examples and
B3PI QERSRIOR Fein b A8 tY et 4RBrd8H tthe avilSP s€&PcCeorflstcdf ¥vith the
ot her such configuration. [00106] The steps of a

pndiplds ard aovgbfeatunen disdesei bergin.n connection with the
di scl osure herein may be enbodied directly in
hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A software
nodul e may reside in RAM nenory, flash nenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
storage nedium known in the art. An exenplary storage
mediumis coupled to the processor such that WO

2008/ 042904 PCT/ US2007/ 080200 25 the processor can
read information from and wite information to, the
storage nedium In the alternative, the storage
medi um may be integral to the processor. The processor
and the storage nediummy reside in an ASIC. The ASIC
may reside in a user termnal. In the alternative,
the processor and the storage nedium may reside as

di screte conponents in a user termnal. [00107] In one
or nore exenplary designs, the functions described may
be inplenented in hardware, software, firmware, or
any conbination thereof. If inplenented in software,
the functions may be stored on or transmtted over as
one or nore instructions or code on a
conmput er - r eadabl e nmedi um Conput er -readabl e nedi a

i ncl udes both conputer storage nedia and comruni cation
medi a i ncluding any nedium that facilitates transfer
of a conputer programfromone place to another. A
storage nedia may be any avail able nedia that can be
accessed by a general purpose or special purpose
conmputer. By way of exanple, and not limtation, such
conput er-readable nedia can conprise RAM ROM

EEPROM CD- ROM or ot her optical disk storage,

magneti ¢ di sk storage or other nagnetic storage

devi ces, or any other nediumthat can be used to
carry or store desired programcode neans in the form
of instructions or data



structures and that can be accessed by a
gener al - pur pose or speci al - purpose conputer, or a

W@eeenaloepur pose or speci al - purpose processor . PE/ES2007/080200

any connection is properly termed a conputer-readable
medi um For exanple, if the software is transmtted
froma website, server, or q%per renote source using
a coaxial cable, fiber optic Table, twisted pair,

di gital subscriber line (DSL), or wreless

h oJo! as infrared, radio, and m crowave,
&ﬁéﬁﬂﬁﬁggtgiyﬁgﬁ?%able fiber optic cable, tw sted
pair, DSL, or wreless tqghpgi { es such as infrared,
radi o, and mi crowave are included in the definition of
medi um Di sk and disc, as used herein, includes
conpact disc (CD), Iaser dISC opt|cal disc, digita
versalile ANSEPUBYDIOT WIJpy,cORMaRIGRgNHIOMNM AL sc
where,d C
whi |l e dfeggés :%%k%ucegogﬁlrgg%gptt%i %%&%/ggmgpﬁg g@eb%l.em (UE) a data
Camsiiskadd ed1s tofmiilliplcabBy ewigth @pdtﬁl aixdgdoienultiple udecks (SDMA), to
within the scope of conputer- readabl e nedi

mioecyr 8 glik deasmissionofe oFCRVRE GHachatuiee e {JﬁovﬁOdé*&temne
L QnBRARg Qmélﬁy REKS R foritatibh &@r | e 1RERELd tthamE’clS edé%érrmne ACK
use the dISC sure. Various nodifications to th

nhsswb@ssfqrehe wiatal tripemissei, ty napphe WK tiofarmesen skalpoetmbn of the

he art e ic.prin | es fined . herein
Bisolht pBes BT o o SR Rorb it A e hgpped ACK
foternaAiiBe SRelll bn Oﬁlngl‘é%@ﬁrle@f 1200 B4RAZLI Anultiplexing  (SC-FDM),
PCT/ US2007/ 080200 26 the di scl osure. Thus, R
whersiobanelinie KBt arnmukitdercd ontee ACK resairess; @rtde
exanp| es_and bed herein but is to be
accor%eé’n%%r%coﬂjz @qg%%tggasionsgm ERt with the
princi pl es and novel features dlsclosed herein. WO
2008/ 042904 PCT/ US2007/080200 27 WHAT IS .CLAIMED | S:
CLAI M5 1. The apppatust ofs cleep Wi weeisys theo muliiple dyEpgre frequency
GRS Bl RDiexdl oh ARSACRIEREQGESSOr configured 1o
receive at a user equi pnment (UE) a data transm ssion
sent to nultlple UEs with spatial division nultlple

h data,t
ecovir | dat B abiratd of REUDEL ¥ bEraer G AfaDle OES are fime division

%ﬁm&egq,gq&egtgé%césnfor mation for the recovered
data, to determ ne ACK resources for the data

transm ssion, to map the ACK information to a portion
of thg

The apparatus of claim 1, wherein the at least one processor is
configured to determine location of the ACK resources based on location of downlink

resources used for the data transmission.

5. The apparatus of claim 1, wherein the at least one processor is
configured to determine amount of ACK resources based on amount of downlink

resources used for the data transmission.

6. The apparatus of claim 1, wherein the at least one processor is
configured to determine amount of ACK resources allocated to the UE based on number

of layers sent in the data transmission.



ACK resources allocated to the UE, and to perform

nodul ati on on the mapped ACK information based on
waeovgleocar ri er frequency division nultiplexi NBCT/US2007/080200

(SC-FDVM), wherein the nultiple UEs are multipl exed on

the ACK resources; and a nenory coupled to the at

| east one processor. 2. The aratus of claiml,

wherein the multiple UEs are equency division

mul ti pl exed on the ACK resources. 3. The apparatus of

claim1, rein t s are tine division
i exedbrPPHRNAR FlaBLfcBBEreR S g BT, pomprises
by wWhrketdt thbendtiplb @At vaREIRRE AFIOresbirces are partitioned
con igured to determine | ocation of the ACK resources
ind &1 portions,candi wheroih cdolmidyicnis assegiatad vath ysegedtoie nargon of the
%ﬁl‘@ transm ssion. 5. The apparatus of claim1,
PR tHe at 1 east one processor is configured to
det erm ne anount of ACK resources based on anount of
downl i nk resources used for the data transm ssion. 6.
The appar al e appaefusi ff 1claihes eWhcree tha af elgatt effe processor is
PEARRRINE deftminl, AU R R B e AT Rl APOE bascd on
h@mﬁbﬁlaﬁh@ér dent foltke Ukt a transm SSI on. WD 2008/ 042904
PCT/ US2007/ 080200 28 7. The apparatus of claiml1,
wherein the data transm ssion conprises nultiple (M
layerg forrhbe ﬁﬁa&dspbﬁ i l"‘h@ﬁ&‘eﬁ‘l ke a‘f\q}éasrteé&urﬁ%@c%ssor is
are partitione into M portions, d wherein each
tenfeurddsto asapothic st &l 1mﬁonhatmmte9pfést $611 ef polcast one ofibdatreer in a first

h t
dibaid & ERE0Tg a8t pf BclBBaRCrubS i bty Mot Brfimibe ACK
FRBurB&Y 4rk Wbta®id ihNBe ALK ah@ SQIHNE Bfotd lah@ GRicREn iR d?ﬁorUEf the ACK
based on a particular |ayer sent to the UE

mppaces adowsfedctanthn UE wprapesas thhefigt apéaseongnscts of at least one
Eub?:%ﬁs or is configured to map the ACK information to

a fIrst set of at | east one subcarrier in a first

slot and to a second set of at |east one subcarrier in

a second slot, wherein the ACK resources are | ocated

in th&0fir $he pasonf drist d. wherclhdheiah leps PRSY tr@pssor s

9 nﬁ fe : an%%@%@@?nf@hhﬁ ?tt%da %8 (ﬁhﬁ lygt %ﬁ@'@{lﬂ)c%ﬁ%er in one of

I rs second sets o east
rnultlple slots, wherein the ACK resources are located in the multiple slots, and wherein

the portion of the ACK resources allocated to the UE comprises the set of at least one

subcarrier.

11. The apparatus of claim 1, wherein the at least one processor is
configured to map the ACK information to at least one subcarrier set in at least one slot,

and to map at least one pilot symbol in each of the at least one slot.

12. The apparatus of claim 1, wherein the at least one processor is
configured to map at least one pilot symbol to at least one resource element in the
allocated portion of the ACK resources, and to map the ACK information to remaining

resource elements in the allocated portion of the ACK resources.

13. A method for wireless communication, comprising:



subcarrier. 10. The apparatus of claim1, wherein the
at | east one processor is configured to map the ACK

WO ndosisxvi on to a set of at | east one subcarriBCT/US2007€80200
of multiple slots, wherein the ACK resources are
| ocated in the multiple slots, and wherein the
portion of the ACK resources | ocated to the UE
conprises the set of at |east“one subcarrier. 11. The
appar at us of claim1, wherein the at |east one

rocessor. conf red map .t he ACK.i nf or mat t .
P O eRe Nt a St L7e [ Bagt O p B L fE UG s with

§1§ht1ﬁpcﬁvﬁion|rﬁﬁﬁble%@@es@'@l@M&)}l”b0| in each of the at
I'east one slot. 12. The apparatus of claim1, wherein

t he aprqcesamg tbméatptr@nsé@lsmn tosrecqventlptggedo ﬂmlﬁ’ép at

ef emcftitisa RNl Bk PRI uR PSRk Bvered dua

resouaae@mﬁn@da@n ré®frdel orAkKddta trandimibdion to renaini ng
resource elenments in the allocated portlon of the ACK
r esouPEBRING the AKKyitfaepationrtovg paities f dbgrsds exwonisas allocated to

SRR PG g OOR/ 1%388%@931%%&%’8 R W oufeds; and

recei’ving at requl ta transm’ssion

sent pafomMg mloéullaJEsn o te magyeti/eCK dhformatton based bpk@gle-carrier
gccess ( SDVR) ; Cess th data transm ssion to

TedHieY Hﬁ?ﬁlg%‘ﬁ’$%P& ~determ ning

acknow edgenent (ACK) |nfornation for the recovered

data; determ ning ACK resources for the data

transid.ssi ®he nmdlppl nf ctame KCkvhanéior thetmappitg the A6t imfnrmation

of the ACK re IIo at o, th . wherejn the

S kB IRUALE Ry BEN Ton i st ket oSt Bt o firs
fef bl 1 B8cdad WeBbf 8Nleast dndesuBBRASin A Kedonll QIdTBHvh&Rin the ACK
based on single-carrier frequency division

mSNI'IC?ﬂ ailoggtadsa-trolyst and secmé skt taod Wh‘ereem ghenporgon of the ACK
resgurges tl%c%teﬁa tl{]eg Ut]éj%‘ rn sets t grf?;%% ﬁ&l N on set? OI% cast one
Mapp1 ng e rs eas

inf orma
QtRagidbcarrier in a flrst slot and to a second set of
at | east one subcarrier in a second slot, wherein the
ACK resources are located in the first and second

sl ot sys andrpfier&h i bRIAAT 13, Ah&LLint Qrﬁ‘% BROUCKE Pnformati
aIIocated to ?% (ﬁk co@brlsés t énﬁ?rs ]%gsecog%@ ofmation
sahprisef natppingatht ACK infuimedor teen .set of at least one subcarrier in one of
multiple slots, wherein the ACK resources are located in the multiple slots, and wherein
the portion of the ACK resources allocated to the UE comprises the set of at least one

subcarrier.

16. The method of claim 13, further comprising:
mapping at least one pilot symbol to at least one resource clement in the
allocated portion of the ACK resources, wherein the ACK information is mapped to

remaining resource elements in the allocated portion of the ACK resources.

17.  An apparatus for wireless communication, comprising:
means for receiving at a user equipment (UE) a data transmission sent to
multiple UEs with spatial division multiple access (SDMA);

means for processing the data transmission to recover data sent to the UE;



15. The nmethod of claim 13, wherein the mapping the
ACK information conprises mapping the ACK i nformation

W 2008/0894 of at | east one subcarrier in one ofPCT/US2007/080200
multiple slots, wherein the ACK resources are | ocated
inthe nultiple slots, and wherein the portion of the
ACK resources allocated to t UE conprises the set of
at |l east one subcarrier. 16.”°"The nethod of claim 13,
further conprising: mapping at |east one pilot sywbo
to at | eas one resour ement al | acate
por t i BY5¥ %"E ST A ‘gﬁli‘f’? ey r(%(ﬁi‘)( ppboragon i8¢ the recovered
jahormation is mapped to remaining resource el ements
in the allocated portion of the ACK resources. 17. An
appar acess foodetaininingssCl gesourics foritbndate bapimhisiiony:
reans Rl kRSl g ABK PR AL T hobigR o e K resources
gliothidas thalUtH, Wlﬁreﬁi@ &%Sﬁu(c@%Es aPERNRipl&ied RhaEE ST @esources;
the data transmssion to recover data sent to the UE
9 2008/ 042904 PCT/ USZOO?/ 080200 30 neans for
det er e
rocov ey BRI AEERRorl A Ble HRPRLCRCH? InfoBhaddi®bascd on
ﬁiogletdaﬁqeﬂﬂeqmtrcgmmﬁ iitiplesgag 6SEC-ODNRppPi ng t he ACK
information to a portion of the ACK resources
all ocated to the UE, wherein the multiple UEs are
mul ti ps exeq,ony, #J}gtuégf crléﬁﬁlow CRRercinhe MABARSfOf Yapping the ACK
performing nodul ation on the 'mapped ACK |nfornat|8
b)isnadltlon cosiprisgsenczas foremapmes) therdYKdnfdrsaoen to a first set of at least

| exin p of claiml

R B SN T @ o rebnd ARG IR Pl SHEpEleT 1 @ second
ﬂ@mhe%iﬁ tRATK fRburd®PRE NEcaltdieinARK fir&tf M6 BEdndNs1&ts, #hd wherein
first set of at |least one subcarrier in a first slot

thedorteonpfdhe ARK wepureds alocated &t thohdE eerpprases therfirtipang second sets

§ﬁ§9gmto<am%cl%@Fre'n the ACK resources are located in

d's€cond slots, and wherein the portion
of the ACK resources aIIocated to the UE conprises the
first and second sets of at_|east. one subcarrier. 19.
The appar al s aBparauaiohclam hhevaraing the mesngor grapping the ACK

aﬁgntcﬁﬁlpﬁ% ! n#fg ?ﬁtgl?llta%ﬁgﬂ% %WEKSS?O{%‘E}&F td £8et of at least one

mappl ng t set o east one
subcarrier in one of multiple slots, wherein the ACK resources are located in the

multiple slots, and wherein the portion of the ACK resources allocated to the UE

comprises the set of at least one subcarrier.

20. The apparatus of claim 17, further comprising:
means for mapping at least one pilot symbol to at least one resource element in
the allocated portion of the ACK resources, wherein the ACK information is mapped to

remaining resource elements in the allocated portion of the ACK resources.

21. A machine-readable medium comprising instructions which, when
executed by a machine, cause the machine to perform operations including:

receiving at a user equipment (UE) a data transmission sent to multiple UEs with
spatial division multiple access (SDMA);

processing the data transmission to recover data sent to the UE;



subcarrier in one of multiple slots, wherein the ACK
resources are located in the nultiple slots, and

wob@Bsei2904 he portion of the ACK resources al | oREX/E82007080200

the UE conprises the set of at |east one subcarrier.
20. The apparatus of claim 17, further conprising:
means for mapping at least o pil ot synbol to at
| east one resource el enent i the all ocated portion
of the ACK resources, wherein the ACK information is

mapped to . remy ni reso l ements i.n the ,
o | oS B B CE BT DA Kk EgiTmen he oovered dats:
machi geeimgatal €K FRukids GRS dath Randniigdistict | ons whi ch,
when executed by a nmachi ne, cause the nachine to

per f omappipg e Mérds infauhaiwing: 2 petien wif Hie ACka resowrces allocated to

i nt .(UE) a. data.transn.ssion sent nul tiple
fRL Rt IR o GrL PSRRI o B e e
pr ocepatdtthitidimodalbtion bR MRMSFANCR iffREAM&In BiRER0S SiEle-carrier
to the UE, WD 2008/042904 PCI/ US2007/080200 31
fequangy AividoraRHiwayefeRPMIACK) i nformation for the
recovered data; determ ning ACK resources for the
data transm ssion; mapping the ACK infornmation to a
portion of the ACK resources allocated to the UE,
wher e'#g thggrml ti @‘:SE UEs are nultipl exed on. the ACK
r esoutees; AARAPABES fQr Wi ¢l gSS RN G 3IRN oFP IS Wa pped
ACK i i R 1Ak PRoRASE L ARHHATh Qefif b da®l trafhBAUGN &Y multiple user
di vi sion nul tiplexing (Sé— FDM) . 22. An apparatus for
vuigheys @dmmunitbaspatia]l dwvseni siulgple atccessasSDdM), to determine

rocessor confj ed to send.a data transm ssign to :
R Treened Gl Fonufes 5P0e) S trhuBirias B fileifion muttipl
?&kibh@bﬁth@%@ﬁ%eioﬁ%)alloé@edj@t 18k MulEple AT eNp &EaENBdhodulation

ACK) resources for the data transmission, to '
detsérai-eastian fieipiney divisionomyltiplext (C-RON ) sigbus geecived from the
%Juit? (feabﬁg t(_t) 8bttalt}lel‘e(m'{l7éd ! ln‘iabollegéhd Eoo %gésfs?r %}V%ﬁ%ogl%l)ﬁtfro% each of
on §1ng e-carrirer ?req&%ncy I'vi'ston nu?%lp ax
(hSCGnbBMlc poaivak Sofr e eACRdArdsomaed ke obtiid K enfdmatiéh sent by a
obtai n received synbols, and to process received

eyspPrding ong fAhnmyftinle HESmadt i pl e portions of the ACK
reso i ' [ ent by a
cor rgé%%%g)ﬁrga&gﬁid {gft%elb%gpﬁ?ﬁog&%g; andya nmenory

coupled to the at | east one processor. 23. The

appar gt us claim 22, erein the . dafa transm ssi.on .
cgﬁprgies %Le apparatus of claim %2, wherein tile data transn%ssmn comprises
multiple (M) layers for the multiple UEs, wherein the ACK resources are partitioned

into M portions, and wherein each layer is associated with a respective portion of the

ACK resources.

24. The apparatus of claim 23, wherein the at least one processor is
configured to determine the portion of the ACK resources allocated to each UE based

on a particular layer sent to the UE.

25. The apparatus of claim 22, wherein for each UE the at least one
processor is configured to obtain received symbols from a first set of at least one
subcarrier in a first slot and from a second set of at least one subcarrier in a second slot,

and to process the received symbols to obtain the ACK information sent by the UE,



multiple (M layers for the nultiple UEs, wherein the

ACK resources are partitioned into Mportions, and
wob@seixoeach | ayer is associated with a respeRCT/Us2007/080200

portion of the ACK resources. 24. The apparatus of

claim 23, wherein the at | east one processor is

configured to determ ne the Egtion of the ACK

resources allocated to each based on a particular

| ayer sent to the UE. 25. The apparatus of claim 22,

ereip f each UE the at |east e [processor is .

HBREIT e e Ko BT IF dRi<se By i) WUreBTAauIper &1d whprein the

Pértidh of BRSA CRNBsoustRGABEIET to the WH édnifrisst He BT RBdA sets of

second set of at |east one subcarrier in a second

gfl loast ongsubcamicpr ocess the recei ved synbols to obtain

the ACK informati on sent by the UE, WD 2008/ 042904

PCT/ US2007/ 080200 32 wherein the ACK resources are

| ocat g6l i NnThé@pphratls andlapac2ndwhb@irs fodRECHMIET @hd aft Neast one

portion of the ACK resources allocated to the UE )

PoRpIPsisropfigured (e pbtagresdreshtynakals frgm a st of ableastgwe subcarrier

u r i . 26 h ' el ;

S BREE ok spEi3pRaacpaLls AL EIAAE SrupdiCb Tihib the Ack

obbratation eeet bedhes Vi) alterdin ahe A Fetreurad dredsdatedn@ the multiple

subcaryrier .in one, of Itiple slots, and to process .

A, sk ehosin TGRS AN BCH fesORBeneOCa oGy thm L iFgspmprises the

S8 ¥ 20¥%adi BEe WpcaMagrei n the ACK resources are |ocated

In the nultiple slots, and wherein the portion of the

ACK resources allocated to the UE conprises the set

of at .l east.one supcartier. . _The. appar at,u f. claim

2%, “Whbr ot NOF GOPEER o & pAgSi e <R Ta0du et Ghst one
proREdsat IsecbnfiguRBttaiobtaah al RASE oRNRCEIOEE PN TsyRIHOProm at least one
synbol fromat |east one resource elenent in the

fropurcolentent ke theaporties ofithe (i Irgsoutced atlocattretoUhe WB, to derive
inh¥® ai%he%gﬂl%keis ls04 Gt th%a%tel%a a n%d 1re%rf1:ivte(r11 .epif%% slx\%%%f, to obtain
one recelved pIrlot symnpol, O Obtaln "recelve

s¢aived \EK apinbeeréth tgmh@spUIcSEured erBiths inntht pertion of the ACK
portion of the ACK resources allocated to the UE

t
prepyresst inseisd t9 iF OR, ormericaBalelrstiomen s frseived witth symbols with
{ht%eclﬁtﬁﬁ‘é]n%in %@ﬂilﬂﬁgsc'gb BLaR dfeﬂec%lat %’nﬁbo@s‘?tagﬁt ﬁdpliﬁ%geg‘s’ % 'detected

and to process t etecte synbol to obtain
syt nadbtem the ACKnfodetioE seiR®y the OBt hod for wi rel ess
communi cation, conprising: sending a data transm ssion

to multiple user equipnents (UEs) with spati al
28. A method for wireless communication, comprising:

sending a data transmission to multiple user equipments (UEs) with spatial
division multiple access (SDMA);

determining acknowledgement (ACK) resources for the data transmission;

determining multiple portions of the ACK resources allocated to the multiple
UEs;

performing demodulation on single-carrier frequency division multiplex (SC-
FDM) signals received from the multiple UEs to obtain received symbols; and

processing received symbols from each of the multiple portions of the ACK

resources to obtain ACK information sent by a corresponding one of the multiple UEs.



division nultiple access (SDMA); determ ning
acknowl edgenent (ACK) resources for the data
WO e@nsm8si on; determning nmultiple portions BET/UR®07/080200

ACK resources allocated to the multiple UEs;

perform ng denodul ati on on single-carrier frequency

division multiplex (SC FDI\/DV§' gnhal s received fromthe

multiple UEs to obtain received synbols; and

processi ng received synbols fromeach of the nultiple

portigns of, the Al sour.ces. to.ohtai n ACK .

i nf or frét i ofﬁh%éri?ﬁhoﬁjoéc eor rzgs BRI reohacstinghe received symbols
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The nmethod of claim28, wherein the processing the

subseinge e & firdh olos and Gaprd sseend sepof elleist OBs sdisewienimeg second slot,

recei ved ols froma first set. of at |east one .
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b&@ish o0 iR AOKGASIUrES allBcAcEROA WEtdhpriscyiRIfaktaridncond sets of

ACK resources are located in the first and second

&) lgass onyFipcRliiSt-ei n the portion of the ACK resources

all ocated to the UE conprises the first and second

sets of at |east one subcarrier. 30. The nethod of

cl ai n3@8, Whemneithod declpind @85 sihagirt the precskivigdhs yededled symbols

conprises, for each UE, obtainin ecei ved synbol s .
QTR S$S.JaF cash WLk q%éaagmg 6%@1@9@8@39{8&% ?ﬁet&#@?@ﬁﬁ one subcarrier

fubid &f Bruflp®l SlotsVBERID tHeh& CROAK sERSQULE 8Sca®dCin! BE 3R @Hple slots,
In the nultiple slots, and wherein the portion of the

Ackwhesouthe esrtainl doht ACK oesbimeed Ut lavatep 1td sleesUEenpeisesothe set of
%h Igast ne subcarrier. 31. The nethod of claim 28,
EPEPR® &N bcessi ng the recei ved symbol s
conprises, for each UE, obtaining at |east one
received pilot synbol fromat |east one resource
el emedt. | hhe methyslk off elaing 28t whemaktheepyoeassiag the resshed ymbols

o .th ohtak ni ng recei ved ACK synbols from
%%nﬁléﬁlsﬁls’#gf?aggéﬁér’ce elements in the portion of the ACK

r esouseiemirgd dtdeat efe t@civioe pibt sydeldl foig at asngle rg@iufice element
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deriving channel gain estimates based on the at least one received pilot symbol,
performing detection on the received ACK symbols with the channel gain
estimates to obtain detected symbols, and

processing the detected symbol to obtain the ACK information sent by the UE.

32.  An apparatus for wireless communication, comprising:

means for sending a data transmission to multiple user equipments (UEs) with
spatial division multiple access (SDMA);

means for determining acknowledgement (ACK) resources for the data
transmission;

means for determining multiple portions of the ACK resources allocated to the

multiple UEs;



32. An apparatus for wrel ess conmunicati on,

conprising: neans for sending a data transm ssion to
woriosiogoes user equi pnents (UES) with spatial BECWIUS100T1080200

mul ti pl e access (SDMA); neans for determ ning

acknow edgenent (ACK) resources for the data

transm ssion; neans for deteryning nultiple portions

of the ACK resources all ocat to the nultiple UEs;
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for processing received synbols fromeach of the

ssmbalplaadporti ons of the ACK resources to obtain ACK
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conprises, for each UE, nmeans for obtaining received

Vol s froma first set of at |east one subcarrier
inafirst slot and froma second set of at |east one
subcarrier in a second slot, wherein the ACK resources

are | d%at edh¢ npphatdsi oStclamd 32 sederydn shotmgamdntbr processing the
wherein the portion of the ACK resources. allocated to

FqeivesESyR P@@%@SG@ r £36hEgmepns deiekiaigmgdeestveg symbols from a
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wherein the nmeans for processing the received synbol
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set at. |l ea ubcarrier
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of the ACK resources allocated to the UE conprises

the set of at |east one subcarrier. 35. The apparatus

of clgjm S%Iﬁ%oﬁpﬁ r%{u” E)P a?§ w% %Egs L %q; gprocessing  the

recei ved sy npri SES nmeans
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the UE comprises the set of at least one subcarrier.

35. The apparatus of claim 32, wherein the means for processing the
received symbols comprises, for each UE,

means for obtaining at least one received pilot symbol from at least one resource
element in the portion of the ACK resources allocated to the UE,

means for obtaining received ACK symbols from remaining resource elements
in the portion of the ACK resources allocated to the UE,

means for deriving channel gain estimates based on the at least one received
pilot symbol,

means for performing detection on the received ACK symbols with the channel
gain estimates to obtain detected symbols, and

means for processing the detected symbol to obtain the ACK information sent by

the UE.
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UE, neans for deriving channel gain estimtes based on
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perform ng detection on the received ACK synbols wth
the channel gain estimates to obtain detected
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when executed by a nmachi ne, cause the machine to
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acknow edgene ACK). r.esqurces. for the data . .
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mul t i PPECTORRS demodulation on single-carriet” frequency (LVISIOII multiplex (SC-
FDM) signals received from the multiple UEs to obtain received symbols; and
processing received symbols from each of the multiple portions of the ACK

resources to obtain ACK information sent by a corresponding one of the multiple UEs.



