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PE’ f OBGRIGSunlyMMARY [ 0005] Techni ques for transmitting
Information using cyclically shifted sequences

[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 base station may transmit data to one
or more user equipments (UEs) on the downlink and may receive control information
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. It is desirable to
transmit the control information as efficiently as possible in order to improve system

performance.
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[0008] In one design for receiving information, the first and second modulated
sequences may be received in the first and second time intervals, respectively. The first
modulated sequence may be correlated with the first sequence to obtain information sent
in the first time interval. The second modulated sequence may be correlated with the
second sequence to obtain information sent in the second time interval.

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

below.



[0010] FIG 1 shows a wireless nultiple-access
communi cation system [0011] FIG 2 shows
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3 shows a transm ssion structure for the downlink and
uplink. [0013] FIG 4 shows ajzbase sequence and a
cyclically shifted sequence. [0014] FIG 5 shows
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process for receiving information.
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radi o technol ogy such as Evol ved UTRA (E-UTRA), Utra

Mobi | e Broadband (UVB), | EEE 802.1 1 (W-Fi), |EEE
802. 16 (W MAX), | HEETSRDPLED DHSORF , etc. UTRA
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Eytehuhicetor byid@md SudNad/ PONTAN themmf GV AL IBE-FDMA and
uses E-UTRA, which enplrm}ll_s OFDMA on the downl i nk and
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AlckstIVBTRIAY, dc&ﬁmOb,eékcl TUTRA includes Wideband-CDMA (W-CDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and 1S-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
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA and GSM
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, GSM,
UMTS and LTE are described in documents from an organization named ‘“3rd
Generation Partnership Project” (3GPP). ¢dma2000 and UMB are described in
documents from an organization named ‘“3rd Generation Partnership Project 27

(3GPP2). These various radio technologies and standards are known in the art. For



docunents from an organi zati on nanmed "3rd Generation
Part nership Project 2" (3GPP2). These various radio
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Forclarity, certain aspects of the techni ques are
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use the CQI and/or other information to select the UE for data transmission on the

downlink and to select a suitable rate (e.g., a modulation and coding scheme) for the
data transmission to the UE. The eNB may process and transmit data to the UE when
there is data to send and system resources are available. The UE may process a
downlink data transmission from the eNB and may send an acknowledgement (ACK) if
the data is decoded correctly or a negative acknowledgement (NACK) if the data is
decoded in error. The eNB may retransmit the data if a NACK is received and may
transmit new data if an ACK is received. The UE may also transmit data on the uplink

to the eNB when there is data to send and the UE is assigned uplink resources.
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comprises V subcarriers in two slots of one subframe.

[0031] For the uplink, the N total subcarriers may be divided into a data section and
a control section. In one design, the control section may be formed at an edge of the
system bandwidth, as shown in FIG. 3. The control section may have a configurable
size, which may be selected based on the amount of control information to send on the

uplink by the UEs. The data section may include all subcarriers not included in the

control section. The design in FIG. 3 results in the data section including contiguous
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where £ is a sample index for the sequence,
K is the length of the sequence,

A €{0,...,K—1} is a base sequence parameter, and

x,(k) is a Zardoft-Chu sequence for parameter A.

[0035] The base sequence parameter A may be selected such that it is mutually

prime with the sequence length K, which may be denoted as (4, K) =1. Different base

sequences may be defined with different values of 4. For example, if K=12, then 4



and may be expressed as: xl (k) =e j Ik2/k , for = 0,
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sequen 7 he bgse se u nce be
cygn&gﬁe@[ﬁ&f%% gillowg ((i +a) nmod K) £

for = , EQ (2) mhere a i s the anount

'%ergygllgtﬁeg tﬁggfg&ghcgplﬂu s a cyclically shifted

sequence, denotes a nodul o operation. The
cyclLﬂkahuﬁacﬁﬂnmyymﬁﬂahyﬂM@Mmemnith|n a range of O to
K-1 , D, a K- I . %OOS%&hFIG. 4 shows the base
sequeﬂ@gdxf?¥m§ﬁﬂﬂ?%%p D) |y shifted sequence x (K,

The base sequence x(k) is conposed of K sanples

IE‘@)?YCthI‘WSB{fb%WQ’ Re [apy Velpe wathm erangept@éo B-Lmrduigh KK 1-

(@986t i 0, UELLESUs L8 S ARSERSHS i o
wii gh dhe bayc heqmahdeyx(kh isf t@dpdyyd af Fanphmeks x{buthroughex(K-1) for
galsrﬁpj%ﬁqﬁleeas@ﬁt %gjf Xf ?t%ﬂ{?g{ﬁsqlg |h T)flrs g&ﬁg@tlwgtff%d?éw%gﬁé(k a) is
E@fposad SRR @mic Kim@ds 105 AYS{(K), wai& are cyclically shifted by a
samples. Thus, the first K—a samples x(0) through x(K—a—1) are mapped to sample
indices a through K-1, respectively, and the last a samples x(K—a) through x(K-1) are
mapped to sample indices 0 through a—1, respectively. The last a samples of the base
sequence x(k) are thus moved to the front of the cyclically shifted sequence x(k,a).
[0039] The amount of cyclic shift may vary over time based on a hopping pattern
that indicates how much to cyclically shift the base sequence in each time interval. A
time interval may be any time duration in which a given cyclic shift is applicable. For
symbol rate hopping, the amount of cyclic shift may vary from symbol period to symbol
period, and a in equation (2) may be a function of symbol period or index. For slot
hopping, the amount of cyclic shift may vary from slot to slot, and a may be a function
of slot index. In general, the hopping may be over a time interval of any duration, e.g.,

a symbol period, multiple symbol periods, a slot, a subframe, etc. For clarity, much of



mapped to sanple indices 0 through a-\, respectively.
The | ast a sanples of the base sequence x(k) are thus

wosasdsel t he front of the cyclically shifted BEQUSIWO&050779

x(k, a). [0039] The anount of cyclic shift may vary

over tinme based on a hopping gattern that indicates

how much to cyclically shift the base sequence in each

thendesenmtmnvizdlow As fomeynibel eate dloppiay, bed theycyclieadly shifted sequence
tion in ich a given cyclic shift is applicable.

dur
E%Y%gﬁﬁggﬁepg§e hoppi ng, the anount of cyclic shift
may vary from synbol period to synbol period, and a in

equat Ix@lﬂa((z)) Rk be,@)f oAt kon of sygrok operkod, or Eq(3)
i ndex. For slot hopping, the ampbunt of cyclic shift

may vary fromslot to slot, and a may be a function of

sthote n@@xs the anganestalyclid Mftiﬁ@nmbﬂginmgmbblep@ioarn, and i me
interval of any duration, e.g., a synbol period,

mul ti plgagynbiela gyelidatiglshifed stqiencafos ukdrr ameymisd] peribdn.
clarity, much ofthe description belowis for synbol

L@%gkgfggg d@ﬁ&l (ﬁm%agéyc‘)ﬁ)cél (s% eﬁh%?ﬁga%% @gi%cﬂ}o%}’aked with

Hﬂorma.tionak(follolws, Eq (3) where Ct (Ti) is the anount of

cyclic shift for user i in synbol period n, and x(Kk,
a (Ti)) is a ycllc lly shifted sequence for user i
in syﬁﬁ&Vﬂpe% dx%7 ? 40] In one design, the Eq (4)

cyclically shifted sequence may be nodul ated with

i nformgtjon as, foll ows ere S (n) is.a | ati

u ﬁfﬁog?{a%%mg@w%w@% K¢ s bt il Renogh and

y XK, n) d se ce for. use i.n,synbo

Vor ou iy Gon ol At ReTaGT B sHouR STHCRSERt g (4).

each sanple of the cyclically shifted sequence is

o4 ] pl iIecttht:stigmma«tllatiIi equasipniid), eXim)samplehofcthe maylidadly shifted
a real .or | ex vaI .For e

SRIYEMCSt P gﬁl oVith gp aﬂ% §y %'Sh I\’\f%dk]@?y gg% rgaﬁ 0% complex
PSK)., d ha hift Kk : :
{1 5ot %@%ﬁf P aBaE e un e%&%?bo(l 3??5( higophspe shift keying

5
(1685° RMR, 155 AP L el BURTR ). hofPE " Bbhse, modulation

g@ghgsa@t i ncludes 7 synbol periods, and a subfrane
i ncl udes 14 synbol periods with indices of 0 through

0942] n dAEh Sshebl 2 devigoal Hansniging infgmpaiior mping ggclically shifted

%%Fﬁd%gehﬁlg F‘i %egcﬁ,%]) n’? chbgﬁg ?&c‘rf’ﬁd}}gg{ Q%’ﬁ?&ogé}u}dlgearﬁd a_subframe
nmhfelqy at ispmbOBpericals dvithaindlves m‘jdl,thﬁiughi 181 tTh cach syrnbol period n, a

nmodul ati on synbol S (Ti) as shown in_equation (4),
exslispihashfted prsaemest sk ¢ &e) apdebe obtained based on the cyclic shift a,(n)

for that symbol period, as shown in equation (3), and may be modulated with a
modulation symbol s;(#), as shown in equation (4), to obtain a modulated sequence

v.(k,n) containing K symbols. The K symbols may be sent on K consecutive

subcarriers using LFDM, which is one variant of SC-FDM. Transmitting on contiguous
subcarriers may result in a lower peak-to-average ratio (PAR), which is desirable.
Different cyclically shifted sequences may be used in different symbol periods and may

be obtained with different cyclic shifts a.(n). Different modulation symbols s,(») may

be sent on different cyclically shifted sequences in different symbol periods. The K



yXk, n) containing K synbols. The K synbols may be sent
on K consecutive subcarriers using LFDM which is one

wQ aroBasd48pf SC- FDM  Transmitting on conti guousPCT/US2008/050779

subcarriers may result in a | ower peak-to-average

ratio (PAR), which is desirabhe. Different cyclically

shifted sequences may be used in different synbol

ﬁ;éqcam@s& M(ﬂhmﬁgﬁt blet miay dic rﬁéﬁﬂerﬂnttthaldtheﬂé sebgariegre fgrghe second slot,

shi f nt no oIs S (Ti)

Ry b SahP B Ak ROV I3 ) MeiFREa " sequentes

[0048] f f e3eqliéncs YiopHhg Pethi @ﬁ&enﬂé}@ll&ﬂ@%&tddl R Sency mb €andomize

first slot may be d| fferent than the K subcarriers for

it fasencs rigoy| @sher ¢scp. 1 in g@a%mﬂq n Tﬂnlsgangoqgg{atl%lof adjacent cell
APk Y c

RS e S8 P L0k AR SRRl Scqunce

heppinganag mradde teesile védble nictlamidi fi@r intesRrahce Mandomization if the

adj ac Thi s random zati on of adj.acent
Pyl %?@&%‘LS%?OS%MB&%FQT enhicd peih CYnprahc s wﬁﬁn%sequences
foal) as 1AGK ABaRN 8l difReEMEYER: HRRPHAY bER¥ARIONME 8 Bal€sequence

only viabl'e mechanismfor rnterference random zation

add tnhe be ysdigred|ihgicashoff( thdowdguenc €yclie shiftat, (r9cfoamdredn symbol
with cell-specific scranmbling sequences. [0044] In one
peasidyn malyl lh fefestednfroro yolong thhM pessray cjocéiccﬁéiftmlmedl on a hopping

RebE PR 5 ST 28 RN S 52 Bl Pty snd

ﬁﬁéﬂnﬁ&ﬂloﬁ e Be csalany %ﬁlffeﬁowq@mg geh@atvti posis IND| @fferent cyclic
cyclic shifts based on a hopping pattern. In each

glyfﬁg) o]Fh?)@lf(pr@yitlog éropbthmqjmspfsg}a@@p rmp@d@we the M cyclically shifted
§ei1qln?%cegﬂg\96uzc'er(¥ 01%%] QOIJI‘&IV[? n eaﬁ}r;')hl'lSI n_g M CyCl ical | y
S e W

Seguences generate Mdifferent cyclic
HIO4B] s. Iﬂ[hﬁe idadigd, T happifd pmethfs @seisensy anpledetermined pattern.
recovered since the Mcyclically shifted sequences
Rawvexamnle the psxlcteominstatatem npyergremynt 4{0@49}] 3 ﬂxqsin@nount v in
desi gn, the hopping pattern for user i
%%Céldféfﬁ&ohlpﬁ@%ld gad mEwnbe goEn egamft €D T (fé(?ﬁ#é’de‘%@ﬁi Ained another
a f| nmount v in

att ern rray i ncre
@ 111rgé}alttalal féﬁ &S%ﬁa}g ega[ DSH %ga oma_t_t]eﬁn the‘ramay select a
?%dé"ﬁnd%ﬁ{jv%e ok s, (9129}1 R&T, 53/2%'89 eridd’€ hoppi ng pattern

or user | seudo- pattern that may

FR4BFL qnnﬁ@%&r@am@mf&@hﬂlﬁoﬁp@f{ Battdhs hidyORCHemEaDRsed on M
period. [0046] In one design, M d| fferent " hoppi ng

pidferant agclivesi beofddfbnbeppbeseatteon apfaliomser ent cyclic
shifts of a base hopping pattern, as follows: fl,(") =

fl 0, oo - , Eq (5
\(/\hese)"ef(iﬁlf)(?@qﬁgﬂ%oéfgﬁhggpi{ ngf(ffe{tei%d;/ln‘.’ %é}’bage( ) Eq(5)
hoppi ng pattern may be a predeterm ned pattern or a

%g%%d QrH2RAGD BALL GbHDiAR i, PETKO WM. tRdpAldy PEE!S - may be a
predetermined pattern or a pseudo-random pattern and may be known to all users. Each
user may determine its hopping pattern based on its index i/ and the base hopping
pattern.

[0047] In another design, M different hopping patterns may be defined based on a

cell-specific hopping pattern, as follows:

a,(n)=h,((i+n) mod M) , forie{0,..,M -1}, Eq (6)



user may determne its hopping pattern based on its

i ndex i and the base hopping pattern. [0047] In
wa@p@slgmstesi gn, M different hopping patterns PEUB®08/050779

defi ned based on a cell-specific hopping pattern, as

follows: a (n) =h ((i +n) mthM , for i e {0, ..., M

-1} , Eq (6)where h} () is a cell-specific hopping

pattcefy( f os acalllspecifiTheppeilgl papecifén cclhpppibegeahlaspeeifia hopping

may be a predeterm ned pattern or a pseudo-random

pattere muy dech pregetbrmikebpwiteto oak Ipsewslerrandam pateere ehd may be known

! ol e R el B TR ABR R PR B O is indox

Bnd tRr entspeificShdppingUpftcth. f fEFRRt eelld mapast fdifferent cell-specific
hoppi ng patterns, which may ensure random zati on of

helnieepaticsns, whichtreay enseisdendqnpgatain af adiagent geld ingerderence.

[ S iffer
FARKE, oS L0 05 N S LT8R ine s
hgsle: Nbfrmaipfmgl\&paﬁﬂfaemsmiags be ior trheygomalhoplmn@qettems may be
another so that no two users use the sane cyclic shift

pih %&Wa ltorAns | angder srythatrpe twp dpgrs apethe Sﬁ@s;ﬁyw@c puftdeapy symbol
g?':i’ Tﬁé%%ﬁ&eﬁphﬁﬂﬁﬁ%@ 6563 ads rtg rﬂkﬁ&'eﬁpusers for

I nformation on t upln reso ce | ock.
fro@s4d}siomoft inforoheSorgon Slecwme |upl1ﬁlt fasodrce &orcles ource bl ock
D057 B Dt DOl B 8 SO Bl BuFERy ot or
R MwH$iak $n ek fbahRclng n%a%zn[?e 4BIch 8K td @S RHS @Ser®! Pl to M users
pair, then the number of uplink resource bl ock pairs

£ar shatpethe samne opluﬁelcetscmmcﬁ biagk bar.gherethc asmbedf uplinkgesoujce block
M.wht?)rg1 L i%l g; U nbei) of ugl i nk resource bl ock pairs

PYP PhECORTP oIF SR YRBN LS EXFG**T 1" denotes a ceiling
operator. [0050] Each downlink resource block pair may

be mappedstp a correspondi ng uplink resource bl ock

pai r, F TJ ows: s = M+ m, Eq (8) where s e {0, Eq (7)
.. is an index for a downlink resource bl ock

pair, —O ..., L-11is an index for an uplink

WVBSRULGHRIREIbPEH ﬁphnﬁrllgsomce%lock pairs ¥rthd cd)n?tr(ﬁ @e%(rﬁ@ﬁ Xand
for a hopping pattern in an uplink resource

pair. /" > denotes a ceiling operator.

[0050] Each downlink resource block pair may be mapped to a corresponding

uplink resource block pair, as follows:
s={-M+m , Eq (8)

where s €{0,...,S—1} is an index for a downlink resource block pair,
{=0,..,L—1 is an index for an uplink resource block pair, and

m=0,...,M—1 is an index for a hopping pattern in an uplink resource block pair.

M different hopping patterns may be available for each uplink resource block pair and
may select M different cyclic shifts in each symbol period.

[0051] Each user may be assigned one downlink resource block pair, and M users
may share one uplink resource block pair. For the design in equation (8), a first set of
M users may be assigned uplink resource block pair 0, a second set of M users may be

assigned uplink resource block pair 1, etc. Different sets of users may be assigned



M different hopping patterns may be avail abl e for each
uplink resource block pair and may select Mdifferent
w@y@Bioge48hi fts in each synbol period. [0051] BaChusmes/050779

may be assigned one downlink resource bl ock pair, and

M users may share one uplink rjesource block pair. For

the design in equation (8), a first set of Musers may
Bidfeaens iuggeld repoliica RokpCétsmirSctérdylgb dkeqpalilqy diyiszonswobipdexseg (FDM).
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frequency division nultiplexing (FDM. Up to M users

amd may hilsodic awangnshhopping pattame: tpl uphlklkrre@cumedéocﬂi pak /, where s
pair through code division nultiplexing CI»@. A user
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Nk sk gesotfcertapiki persSindoMidpplng @8@LHsC erlﬁl mi@ pay bs assigned
to L.uplink resource block pairs and M hop %g§ ) )
pawplirniesouge bl Ratfaypliek se5e1tsR éﬁO%ﬁﬁrs, ﬁ‘P%d BligcRatterns in

BIhQL raRALE S Tn :éelllérﬁ]lk alReOHE{ Be ba!sﬁ%%fecpj%yr RumBER%h hﬂg resource

patterns I n otther manners.” | n geReral,” a user may
bleosk gaasl ealyynmnlbﬂne]f Qﬂmk{mdulrcrekblbels q»am:eanldl myknlpabars;f hopping
esour c

H?HM er ‘HB% gh ?@n% s, é%tPF? ssuﬂlg ﬁ%ﬂlﬁl al’f@ﬁ) e (Fé?‘ﬂrﬁ% dah requirements

HPME QAKS, SC @oﬁ@xéﬂﬁe aVidet ﬁ{a Be ra@s?@&éﬁcrﬁﬁtlfﬂé%nhnk resource block
requi rements of the user, c. Fof exanple, a user may

barsdny oghyedhe rh@ppmg Ipettetoim qmwprhels oeFouIse bl@klpai@“ai r s but

BsH1 T oo aPRaoR A fisce Pt Ra SRLLEEC B SR P fom Ack
ﬁﬁKCer oD ﬁﬁey upldk im0k gi@étﬁ sBnaNd TER usen rﬂa?%d«l @ésigﬂl@d iaf uplink
a given subfrane. The user nay be assigned an uplink

feé@‘g‘i@ ot @%Wi 3di ¢ henana PR} rier pendieg ﬁ\%ra@éﬁdﬁ% c.g.
sen and/ or ug%gm% deggggdngﬁ)g (?/ethﬁ-ggﬁ sour cp lﬁﬁ%source

bknbbama1mnkmsmamnﬁﬂs manners. [0054] FIG 6A shoms a

design of trapsmitting, ACK u |ng c C|IC |1y Shlft ,
ngcélé G 0¥/ o egign eh A@%ﬁ}%e oy wakbé shifted
§é§]&l€l?&%§ n Mh%d&@@nﬂle ce %y%ro e P %‘Ptg ?(StsackJMeE%é?l‘lén§ of one or

e encoded’to obtain 16 code
o peh:kn’ay The 2r’ca1p pfeldthb A @RS crondedcdttd obtagy badds bs(@hich may

Q rn?alf)%ed (tg )8 QP ldatl{(l)na tsglr?lgols 5.(0) through s5.(7). Each modulation

symbol may be sent with one cyclically shifted sequence, which may be denoted as
x,(k,n)=x(k,a,(n))=x((k +a,(n)) mod K).

[0055] In the design shown in FIG. 6A, the first two modulation symbols s,(0) and
s5,(1) may be sent with two cyclically shifted sequences x,(k,0) and x,(k,1) in symbol
periods 0 and 1, respectively. Reference signals may be sent in symbol periods 2, 3 and

4. The next four modulation symbols s5.(2) through s5.(5) may be sent with four
cyclically shifted sequences x,(k,5) through x,(£,8) in symbol periods 5 through 8§,

respectively. Reference signals may be sent in symbol periods 9, 10 and 11. The last



synbol may be sent with one cyclically shifted
sequence, which may be denoted as x (k, n) =x(k,a (n))
woeqogkse4aiXn) ) nmod K) . [0055] In the design shpeIUS2008/050779

FIG 6A, the first two nodul ation synbols (O and nay
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and xck,\) in synbol periods 0 and 1, respectively.
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ﬁ“guences xck,5) through x (,8) in synbol periods 5
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sfethaakigyals hiof ts@dleE@Hﬁﬂdses thrdugh) Q)rnayﬂd)eXth(rée cHlicahy shifted
synbol periods 12 and 13, respectlvel¥ [0056] In one
BRASPRASS & (e Eraudingdk 4) grapedtizelyeardhiheyigisancpsigngls for symbol
may be an unnDduIated cyclically shifted sequence for
Pﬁ&ldss?/ﬁb’éﬂug Betl awry 1ba %mes cydispln shifipd peuenessca: (4, 9) through

nals for s nbol periods, 2 throu h 4 may be three
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be(ﬂts a Iﬂbﬁlﬁzﬁ{l@msl seht, @@n tM@|8Ltﬁtsffo tHeut O1 Blag Heaskeds With a (20, 8)
||% one or nore val ues for one or nore gﬂckets

lock rede de joftpin t2ﬂem@| bityayhidnpray ke grappadsto 4R He modulation
SR B RbEEO R P AR i TRL IR LREE Srorgi€ B for the
BRI AL b0 aRAn LA oy 9] SRS SRAPEY i . whie

Al bantappll tan e GRSK mddakstioh RembOlshd (03 th@sugh he(9ACHn alnid design,

CQ may be encoded with a (20, 10) bl ock code to
tistraintbe? Of adfdemdsionshitswihaces nieperakngrap pedthco odly QRBKr both ACK

t ls S t h. 9 In this
S LG E ReTonditbde DY o FRETAHOLMPE bRk GRS the same.  Each
ARBERALN Gy ALl WS eeen ORIt of &y PitalBPiMit AL Bk CA are

sent, but t he nunmber of nDduIatlon synbols remai ns the
E&Sﬁ] Edohherdehigrashioom syhiéol6Brale et sedulation symbel s,(0) may be
cyclically shifted sequence. [0058] In the design

shmownith on¢lc@lic@By shHeedf seqsencrod (k.81 iiorsysypobpkri®l 00) A reference
may be sent with one cyclically shifted sequence

sig(¥d, 03y ibe ssphiolsypeel peti@l. 1A Flef aextnibece modulation symbols s,(1)

through s.(3) may be sent with three cyclically shifted sequences x;(k,2) through
x;(k,4) in symbol periods 2 through 4, respectively. A reference signal may be sent in
symbol period 5. The next two modulation symbols s5.(4) and s,(5) may be sent with
two cyclically shifted sequences x,(k,6) and x,(k,7) in symbol periods 6 and 7,

respectively. A reference signal may be sent in symbol period 8. The next three

modulation symbols s,(6) through s.(8) may be sent with three cyclically shifted

sequences x,(k,9) through x;(k,11) in symbol periods 9 through 11, respectively. A



signal may be sent in synbol period 1. The next three
nodul ation synbols S (I) through s (3) nay be sent

wowaos/osdasee cyclically shifted sequences x, (k,PQT/US2008/050779

t hrough X(k,4) in synbol periods 2 through 4,

respectively. A reference sigml may be sent in synbol
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with T antennas 734a through 734t, and eNB 110 is equipped with R antennas 752a
through 752r, where in general T>1 and R >1.

[0063] At UE 120, a TX data and control processor 720 may receive traffic data
from a data source 712, process (e.g., encode, interleave, scramble, and symbol map)
the traffic data, and provide data symbols. Processor 720 may also receive control
information from a controller/processor 740, process the control information as
described above, and provide control symbols, ¢.g., for modulated sequences. The
control information may comprise ACK, CQI, etc. Processor 720 may also generate

and multiplex pilot symbols with the data and control symbols. A data symbol is a



[0062] FIG 7 shows a block diagram of a design of eNB

110 and UE 120, which are one of the eNBs and one of
wob@sigwsin FIG 1. In this design, UE 120 is BCUUpMes050779

with T antennas 734a through 734t, and eNB 110 is

equi pped with R antennas 752aj4 hrough 752r, where in

general T 1 and R 1. [0063] At UE 120, a TX data and '
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éﬁﬁpwﬁvﬁ Wemoritigtos t (DEMODEASA- nbenl darepdutator Aty T qamdition (e.g.,
g‘g ?ﬁﬁz G6wHcanvER néﬁ%f&@ft&ﬂ%% 3L0Gved §1éﬁa@ to TR dh 1es and may
and’ upconv

ert I'ts out streamto generate
fipthienfrosesgniad sanipleyalei gnkfosS@rEDM) fa aminaidmodtilates s?ﬁlBals An RX

M‘][M%E gPchgﬁé% 72&%@%2’8% Wl\}[{)dg{%llgl})\gn gnrqtg? ulated syrnbols from

ANREARRIUIRSR 7505 QUGN P aﬁﬁ%réﬁ&@ﬂé’t@ct&h §yﬂ=ﬂl§61b Ny RX data and
signals from UE 120 and/or other UEs. Each antenna 752

pentrap uededsor a7 Hemey viedeesss dagl, deoodulags pleotténleave, descramble, and

ST s Rt o R R R Sy and proviae

dé@ided gehitrol irfofnRGRIn\Eed cﬁht%lﬂJr/pF&eﬁﬁéF anm BosHRbes tHé’lﬁrocessmg by
may further process the sanples (e.g., for SCF

9@@9%5ﬂr5d7éﬁ@@dl789 eﬁccyym@p@tarym tRXPICMDIEr BcRresessOrF 6"60 and 720,
ISR ot ccton on (he demodl ated syrbol

fhibert e N NOl snayAtramditlatadifi@ndhta and/or control information on the
downlink to UE 120. Traffic data from a data source 778 and/or control information
from controller/processor 790 may be processed by a TX data and control processor 780
and further processed by a TX MIMO processor 782 to obtain R output symbol streams.
R modulators 754a through 754r may process the R output symbol streams (e.g., for
OFDM) to obtain R output chip streams and may further condition the output chip
streams to obtain R downlink signals, which may be transmitted via R antennas 752a
through 752r. At UE 120, the uplink signals from eNB 110 may be received by
antennas 734a through 734t, conditioned and processed by demodulators 732a through

732t, and further processed by an RX MIMO processor 736 (if applicable) and an RX



control processor 770 may process (e.g., denodul ate,
dei nterl eave, descranble, and decode) the detected

W@ 0B08@s1 provi de decoded data to a data sink FTRUSZNE050779

provi de decoded control information to a
controller/processor 790. In general, the processing
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gﬁd&@o' [0066] eNB 110 may transmt traffic data

t control information on the downlink to UE 120.
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RXdata and control processor 738 to recover the

basafl fanca depping mittewn asstaned o dy a2 omdsmay mfadtﬂﬁge 1r@e cyclically
O g e N I

MedolatedSseddehcaN dA7DR day piobeyser $12 mad ok O Ga N desd provide
for UE 120 and eNB 110, resBectiveLy. A schedul er 794
fafy symhelgu(Te MEMO groggatos 8P amanicsaivermplipicreanfossfiplhk process

: : ) ‘
B et R ARG R 2R G2 RO ERE 1 Bublsymbal sirpams to T
modelatogn of TX data and control processor 720 and
8] at c732 ttor T r}f ol = VAARITNY er OC%SO%?prut symbols.
Yl a ok QUGN IBYS Y M &odis&eam
Wihe Sfoda®Réd P24l Af QEFRE Rricf tlnsfo anglialt G maRSeceive Q

shown in FIGS. 6A and 6B. Processor 820 nmay generate
oytphi syattios whiath eyimbelqweindewhirase e tha namhopel suycarriers to use for

attern assigned to 0 and ma dul at e, t hese .
BT QAR b it Kot O R Bl SRt Og T Sibparicrs in an
bRlgnbl QiphiRR trE@urdeBIOENBAIF AN okl @Rtral thibBsbHoat 8d no data is being
sequences. A TX data processor 822 may process traffic

grat-a Uimid8 bt eay dstigamna Qynew| IBET PR the Doptipet exgslels 7 provide Q
ﬁgé{uerrlg§-%i()1¥1§in Mbtollso | E)gpec%%j sﬁ'a%%gl &}H ¥34 fn?t§ %%?form spectral shaping
on the Q frequency-domain symbols and provide Q spectrally shaped symbols. A
symbol-to-subcarrier mapping unit 836 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 838 may perform an N-point IDFT on the N
mapped symbols for the N total subcarriers and provide N time-domain chips for a
useful portion. A cyclic prefix generator 840 may copy the last C chips of the useful
portion and append these C chips to the front of the useful portion to form an SC-FDM
symbol containing N +C chips. The SC-FDM symbol may be sent in one symbol
period, which may be equal to N + C chip periods.



the synbols from processors 820 and 822 and provide T
out put synbol streans to T nodul ators. [0069] Each

woreealosd4er 732 may perform SC-FDM on its streaP€DiS2008/050779

out put synbols. Wthin nodul ator 732a, a discrete

Fourier transform (DFT) unit f32 may receive Q out put
synbol s in each synbol period, where Qis the nunber
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toragistni the idagotddaeNBytbols Whe tm op@epIintg Qyolicraélgmhfaﬁted sequences,
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B0l dBfoRmb@GE YR &Y MROLSm Eér%ﬁhtﬂaﬁ;l@ SRIXCAkthl ROSesHFEN2 may
by UE 120 and may di scard the renaining received

BIOGDBILS, demOdulateldwgmMStanépmm/des;@dﬁded%e Q recei ved
'[WH‘Q]OI S lﬁ?}sel% s%owts a demgn of a process 1000 for exchanging information in a

wireless communication system. Process 1000 may be performed by a UE, a base
station (c.g., an eNB), or some other entity. A first sequence may be generated by
cyclically shifting a base sequence by a first amount (block 1012). A second sequence
may be generated by cyclically shifting the base sequence by a second amount (block
1014). The base sequence may be a CAZAC sequence, a PN sequence, or some other
sequence having good correlation properties. The cyclic shifts for the first and second
sequences may be determined based on a hopping pattern. The hopping pattern may be
specific to a cell and may be determined based on resources assigned for data

transmission.



spectral shaping perforned by UE 120. An I DFT unit 920

may performa Q point |IDFT on the Q scal ed synbol s and
w@e@siogkas) denodul at ed synbols. RX M MO pr ocesBCI/UFBI08/050779

may perform M MO detection on the denodul ated synbol s
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generated by cyclically shifting the base sequence by
anddeicether miyonation hbloelk [ 102)4)A ﬁrlﬁternb@léeteé éeflnsnee mag\petgencrated

%as%zothg %ql{es%égenc ﬁ‘l B First edula&lronsso ”%o?gﬁlgérl}] 1114). A second

quence havi corre at I on

ﬁmahnaedsdaqﬁé@e fredy bch geﬁdrzﬁtsdl based @emr&ceﬁnmﬁl@m dmlythe second
be determ ned based on a pattern. The

Dedtiation mapookagal 116 t Bnbleme) 1} Ahachof sampits Ry the firs
QA ARILORRBIUSH DAY TG IR BRSIn! (o idin a copresponding

exe angi syntods dor, theefidit ngodulateé cequwinag) Simfibir ROE@RIng Nmay be
a first ti i nt I | ock 1016). The second

Eg&}g‘ﬁééo S‘Efé’ngélegiu]‘%‘rd ¥eHahgi ng information in a

fResNd tTHEBﬁI‘sPﬁl%HMQied s\éﬂlﬁe*ﬂcé Hﬁ‘a RRAiInSRAYRRG BRIt Yalae. g., by
cyclic shift of first sequence (block 1018). A

sdnidmg the lfiuemdwlmﬁ)y tlmeﬁnssmdlﬁletedaeq@hefr emKeccmsgmatve pubcarriers in

bt S Bl 18 (e B e R SO RGP pg pont n he

Sdcoh@ EARAnIBAAURNE ShyRYdiklsIRe ReyHBOMH hPthetsBEOndehSTBAEE sequence
SI nal. The first and second t| me interval s may

wapesHtive BibgRtricey iarke spatrblimg emtmt‘ydls(blqﬁkflfléﬁ)e nt

R, B P A ] NS08 e . o
peBf dsrmedeibinganformaton.t Pedcese 1200 isdanother demgn of blocks 1016 and
1018 in FIG. 10. The first modulated sequence may be received (e.g., on K consecutive
subcarriers) in the first time interval (block 1212). The second modulated sequence
may be received (e.g., on K consecutive subcarriers) in the second time interval (block
1214). The first modulated sequence may be correlated with the first sequence to obtain
information sent in the first time interval (block 1216). The second modulated sequence
may be correlated with the second sequence to obtain information sent in the second
time interval (block 1218).

[0077] The eNB may assign M hopping patterns to M UEs, with the M hopping

patterns being associated with M different cyclic shifts of the base sequence in each



UE, for sending information. Process 1100 is one
desi gn of blocks 1016 and 1018 in FIG 10. First and
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bb IrQﬁkseﬂrééﬂZ)smgTb@ 8 aondictypdti i Eteecht SOEhnO RIptes nay ﬂéehmques For
recei ved % on K consecutive subcarriers) in th
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PatigleH 2B CQBhination econd tine interval (bl ock
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inter

ht | t
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eShbigathdrsesfuBoE e STOf clehirfyf BRuSidte aNis! inferéahfdability QI 7@k dware and
FIG 13 shows a design of an apparatus 1300 for

é@f@mmg&iaﬁlguﬁéhlatmtweaomppé%&,§>1 prrapdudes: Piseniisyadegps have been
@gseﬁfé%% ééb V% ?églgel‘lflﬁ] n ﬁ%ﬁﬁ ﬁ?@g& fuﬁ)ctlogﬁn[gr ﬁﬁ%@eﬁggé% f:u%gtmnahty 18
fmplsﬁlem LHSt hdrﬂ)‘l?v%korl@diﬁ)/are na@pBsds upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

[0081] The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated

circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic

device, discrete gate or transistor logic, discrete hardware components, or any
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kiegvanirr e aclordyutcremplent warags madivo ibéavatdddagheprasessar such that
‘[,El% p%(l)cee%srolr)éal lrelal(Ji ?forrtngtugnhfrcs)ml QltlcF ; %1:9 afy ea%l t[é/ tﬁ)e storage medium.
ware an War e, ~vari ous

ofp Qeiatve, bh@@tbfa,ge ﬁiﬁtdlluirﬁ?mabeer tdgta ,to @[ijt‘ét:@@@r HEheEprocessor
been descri bed above generally in terns of their
pichéhg gamee tyediypemRe fesdde i pamdeitondihict 4S]( may reside in a user

{emin%[m n[tneﬁlleaa?l eﬂ?arn@y:\’a{h% C%SEI)LI VR qhéj &RY %@ mdffh tnﬁg dr651de as

particul ar app Ication a sign constrdi nts | npos
dncietrecompenedth irsysdcemrmSlall | ed arti sans may i npl enent

ri bed functionali In varyi s for ea
bRa Cutar oS Eirs TR stRet e R eriAC iR ofiescibed may be

deatskars sh ‘Bﬂf'ﬁva?@t scﬁ?wdr@t HrRfREEdoASinGabSthPBaflon thereof.  If
departure fromthe scope of the present  disclosure.

[rogempntFhen veftwarasthe [finggionsatiay éel s@ga@ ah opltmoksitted over as one or
uits descri bed nect

dul h )
TGS IS ER aFsbfi b Sy Sttt GRAMAE L FRpstaetfe media

hcHRIBE béth RBFPARE stoF e eI andaccﬂﬂnﬁhﬁ@étmil 98B iRIRERSS/ medium
DSP), an application specific integrated circuit

thasfag)litatgs friansfer of dGPIMWED PEOZR draam PAY P{aEPEApNether. A storage
r I | 0g: .

R BELATIRL i 00k PR LG 8§ AL Afposc o seci

pmpasm‘od)mpttelon Btyheaye off edempgn add tnot piedifacom M:ﬁ computer-readable

functions descrjbed herein. 1\%ener al pur pos

media can comprises RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted

pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and

microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless



processor may be a m croprocessor, but in the

alternative, the processor may be any conventi ona
wWEe@sos®8r , controller, mcrocontroller, or stBCEUS2008/050779

machi ne. A processor may al so be inplenented as a

conbi nation of conputing deviges, e.g., a conbination

of a DSP and a m croprocessor, a plurality of

tﬁCbmqimi@ft: Wssinff@f@, ordigrond mﬁm\weo@resisdu@ed m the definition of

mulﬁg 35r1 cw dlS[: 0%81%55 Jﬂ%rg:mg tuécg%de% fc%glp%% e(ﬁ%c {“tgg‘) laser disc, optical
aisdomgtt&m&@&ﬁé dRed DVD; qTuppotdiskn aid biu-tdyedidd Sﬂieﬁﬁ dfsRs usually
herein may be enbodi ed directly in hardware,

spreduse eddtd direncticalbt adilsy digcprisprodyes , dasy ‘qnéically with  lascrs.
f
CAMGRLEOD: e bRt a6 AR AR TR 6581 G sompuir

ERPROVhisdRDr y, registers, hard disk a renovabl e disk
or any qther for orage medi um kno
WgDBrR% h&rpr%&leﬁﬁoﬁva%%? @@ R, TR preBley e person
RUASERAE a5 Mnddd2f WL RAQERIROTY s WRAATLMOAL Pk Mclosure
rom and wite information e storage medi um
wilé balreahlyatppeent tchthost ekidge lmﬁuh an an&iythb@enMOe]gmlailplbsa defined
processor.. The processor dt or age diu
hit§inPREY B P R SR e Wk g p i B8R A5 Spitlor scope of
ﬂ@rdﬁdl@ﬁure | Thid)ehRikE6NRE iy Bot hRAIRS REES ﬁﬁﬁte@rﬁ@tﬁeh@(amples and
st or age nedlun1nay reside as discrete conponents in a
desegnst daseribegl her[n@olag] is |t benzccordedghe vgd@qﬁppmconmstent with the
ﬁﬁ&%@gs an novfeI Pea&}r 41&1%%8%%&?@? gﬁz Egn'bl”ﬁgtel”gﬂt ed in
thereof. If |nplenented in software, the functions may
be stored on or transmtted over as one or nore
i nstructions or code on a conputer-readabl e nmedi um
Comput er - r eadabl e nedi a i ncl udes both conputer storage
medi a and conmuni cation nmedi a i ncludi ng any nedi um
that facilitates transfer of a conputer programfrom
one place to another. A storage nedia may be any
avai |l abl e nedi a that can be accessed by a genera
pur pose or special purpose conputer. By way of
exanpl e, and not limtation, such conputer-readable
nmedi a can conpri se RAM ROM EEPROM CD- ROM or ot her
opti cal disk storage, magnetic di sk storage or other
magneti ¢ storage devices, or any other mediumthat can
be used to carry or store desired program code neans
in the formof instructions or data structures and
that can be accessed by a general - purpose or
speci al - pur pose conputer, or a general -purpose or
speci al - pur pose processor. Al so, any connection is

properly



ternmed a conputer-readabl e medium For exanple, if the
software is transmtted froma website, server, or
wWORws8qenDt e source using a coaxial cabl e, fiBPer/UsN$/Es0779

cable, twisted pair, digital subscriber line (DSL), or

wi rel ess technol ogi es such asyjnfrared, radio, and

m crowave, then the coaxial cable, fiber optic cable,

W ATed GBAIMEISIS: or wirel esst echnol ogi es such as

infrared, radio, and m crowave are included in the

definition of medium D sk@miM8sc, as used herein,

i ncl udes conpact disc (CD), |aser disc, optical disc,

digital versatile disc (DVD), floppy disk and bl u-ray

di sc where di sks usual ly reproduce data magnetically,

whi | eldi scénraepatr@tm cfer \declassmmmlanwlow Qdmprager S.

Combi naillaotnsno 1o s n%“ SrOth a fl? t SC % T hangin

wi t hi i {18 SEode %ﬁs ﬁ% tey ea%la%Fe i q“[eBE)f‘s Pr fAgtensns

pifeviQids des Cﬂrstphm@mnﬂfrvilh@ndjlt@ Qls® S k€ ond s@ﬁ@éﬁcée@r teQchanging

enabl e any person skilled in the art to nmake or us

HHQIALOR | 1B Suiceond/HME JBSTYRH I e iSeeanH dRguange PR a cyclic shift of the
Il be readily apparent to those skilled

ﬁ%ﬁgﬁgég%?am%nd the generic principles defined herein

may be nappiry ecurtlal ottheat leat bad probssswd. t hout departi ng

fromthe spirit or scope of the disclosure. Thus, the

di sclosure is not intended to be limted to the

exanphes aff deﬁ%hlgtﬂ% desasikbed Qs tlpé"tat' l%a§t001pee processor is

accorded the w dest scope consistent wth

porifrauigel tesgemrdterthwﬁtst feamenredy crj/|01wllky§e(ftlhga éasw:. SOkUChcE By a first

oL s tompricothy RSl il g egpe seavence by

g@ﬂ%hguﬁ@dnﬁo use a first sequence for exchanging
information in a first tine interval, and to use a
second sequence for exchanging information in a second

tinme Snt erm fa|p£) Fitu%ecfo Ql%nﬁ ,; Qé:rgmbﬁlengas% & u?ncg 1ts a CAZAC

shi ft t Sequénce; a nenor

(d@ﬁstaﬁt dnqﬂﬁmdm&) mt@eeﬁsel@tﬁon)%equ&ee appar at us of claim
1, wherein the at | east one processor is configured to
generate the first sequence by cyclically shifting a

base gequeqge eﬁ%gﬁtﬁfs' b tcléﬁ Lﬁnt Wh?‘%ﬁl bR O gn%[l&t nd tb‘?ocessor is

second sequenc y Ccyc |ca ting th ase
scmﬁwrmietotgynaa&eacﬁmdmadmiamed secalena'dmasaqb pﬂlthﬁ first sﬁquedcalami a first
mrereln he base sequence const a

glﬁ)ﬂ}l Aoy sYREPL) 19 ACBCRly # sreqtido gglé‘ﬁt efygpence ase on the second

sequence and a second modulation symbol, to send the first modulated sequence in the
first time interval, and to send the second modulated sequence in the second time

interval.

5. The apparatus of claim 4, wherein the at least one processor is
configured to send K symbols for the first modulated sequence on K consecutive
subcarriers in the first time interval, and to send K symbols for the second modulated

sequence on K consecutive subcarriers in the second time interval.

6. The apparatus of claim 4, wherein the at least one processor is
configured to multiply each of K samples for the first sequence with the first modulation

symbol to obtain a corresponding one of K symbols for the first modulated sequence,



4. The apparatus of claim1, wherein the at |east one
processor is configured to generate a first nodul ated

wGaegaosael based on the first sequence and a fiP&I/US2008/050779

nodul ati on synbol, to generate a second nodul at ed

sequence based on the second gequence and a second

nodul ation synbol, to send the first nodul ated
gatjigemukéiplyncachef £ samples foe thentceondasequentd with e ndcandenodulation

seco dul at ed seqguence in, th econd tinme interval,

SR o BRA TR SRR ok ISR 0™ RBufhiReavence

processor is configured to send K synbols for the

first nodul at ed sequence on K consecutive subcarriers )

in thé firdhetanparafust of vapim fhawhereiede 1t sigptiopie frgpcessor is
a q C u

LIRERECE SRUSIRE BEHRTRol MERIRSRCHRLs based on only

a¢kpanviddgsmeofit ¢AGIKN 4nfowhaionl not lalyatchhe@dt qoaldy indicator (CQI)

processor is configur to multiply each of K sanples

fdornatigny gryboth gg&@}ﬁic(ggwng‘ﬂ’ntaﬂ@nfi rst modul ation

synbol to obtain a correspondi ng one of K synbols for

the first nodul ated sequence,and to multiply each of K

sanpl &s f ofh¢ hppseoondf sdguenicewherein tthe as elcasidone processor is

nmodul ati on synbol. to o in a correspondi one of K .

R ParSiRs Cevanatnied ravet Bfnty e Hgdal o receive o

RBAd alods1a@fd Lh@dn®e 4n (HANRESIdNtithP entddval, @RESr@ME the first modulated

processor is configured to generate the first and

segpones Wit thiedtrbioqegned &t ebthiage@roatighsopt in the first time interval, and
ckno dgenent  (ACK) ([ nformatian, .or.qnly channel .

PR AR Roah TRy PR i 4B it AR o obtan

GRrmiatibakemtin @ sefondlifige pgadlat us of claim 1, wherein
the at | east one processor is configured to receive a
first nodul ated sequence in the first tinme interval,

to regeiverq S@?Qﬁﬂlsm&g W ahe Z%ﬁ&%ﬂlc €hd tltllgfgsetzgr?éj I'b‘ilocessor is

time interval, 'to correlate t I'rst nodul a
safigancletomdchive hefdrnasdn sadudmakartcoudpttei N usdrosgugtmaents (UEs)

sent in the first tinme interyal, and to correlate the,
ey Sma%ﬂeépéalf@éaﬁ@ﬁ@& %l%%l%th%?%%&@mnmew e g s one or
g&%@h%ﬂ@ﬁ%&h&f&é&ﬂﬁpﬂsﬂaﬁﬂg PGGOqEntd me interval.

. The apparatus of claim1I, wherein the at |east one

processor is configured to receive information sent

si mul taneously by M user .equipnents. (UES)  using M .
sequetos S HPrlanet E T oRPPEE' T helohraRt rpsgssor is
totifRivadl to Waemgind/clyslid BIEifto rfod Rtk ,anéns@cdﬂales%ences based on a
sequences conprising the first sequence. 10. The

beiparapaieT™®f claim 1, wherein the at |east one
processor is

11. The apparatus of claim 10, wherein the at least one processor is
configured to determine the hopping pattern based on resources assigned for data

transmission.

12. The apparatus of claim 10, wherein the hopping pattern is specific to a

cell via which information is exchanged.

13. The apparatus of claim 1, wherein the at least one processor is

configured to assign M hopping patterns to M user equipments (UEs), where M is one



configured to determne cyclic shifts for the first
and second sequences based on a hopping pattern. 11.
wab@sappaar at us of claim 10, wherein the at | eaBCT/ORM08/050779

processor is configured to determ ne the hopping

pattern based on resources asgj gned for data

transm ssion. 12. The apparatus of claim 10, wherein

Dlhgfeh‘@prihﬁ@/[ ybapmeg maﬁte‘ns peiog fapsoctatedaw gl NI dififerenthyeHc shifts of a

%me w%tcop IS hg e1 g} 13. The apparatus of claim
WREFEF A HE™ d1"¥E5  one processor is configured to

assign M hopping patterns to Muser equiprments (UEs),

where Mis oneor greater, the M hoppin atterns being

assocﬂ%tedThﬁﬁ@P%@@$ﬁﬁeﬂ%ﬂtlcvﬁﬁf §W gﬁ apd sgcapgsteme intervals

appar at us of

g(ﬁg#ﬁ?ﬁfto %f%?%%%g% Y @Es)?ﬁ%? % 1%35 ﬁt;i[%ﬁne interval s

correspond to first and second synbol peri ods,

respective 15. The apparatu claLm1, wherein

the fi7st ARG eBRkERHA Of WM bt ‘éff"QfﬁP’sth@oﬁliSE%%ﬁa“’tnS time intervals

r e

oo s ot PR S s ™ TP LSk muliple symbol

périglsai m 1, wherein the at | east one processor is

configured to use a third sequence for a reference

signal in athird tine interval, the third sequence

bei ngi@not itgg @}p@ﬂam shi d14inPf1, t BRerbint $he SRUMEACENC Jfocessor s

The apparatus of claimi1, wherein the at |east one

perdigwstioto s & dntd spapebet for asrefarensefsignst ioe tBied dimee interval, the
FRASFGRCL 8502 s LET SRR ol A RablE oo,

conpr|5|ng using a first sequence for exchangi ng

information in a first tinme interval; and using a

second’-seqlibh c@PRBiuse REHAME! g WAETSHIMERG G ieAstaoute dwpRgssor s

t | ot

E Tk R S ey 5 SEERBRY SEAUEOP G P HBe S Bk in o hind time

inBervdlur t her conprising: generating the first sequence

by cyclically shifting a base sequence by a first

anount; and generating the second sequence by

cycligallyashihbd RF WiR8eR8LnRAALUELE Lo¥riRing:
using a first sequence for exchanging information in a first time interval; and
using a second sequence for exchanging information in a second time interval,

the second sequence being a cyclic shift of the first sequence.

19. The method of claim 18, further comprising:

generating the first sequence by cyclically shifting a base sequence by a first
amount; and

generating the second sequence by cyclically shifting the base sequence by a

second amount.

20. The method of claim 18, wherein the using the first sequence for
exchanging information comprises generating a first modulated sequence based on the
first sequence and a first modulation symbol, and sending the first modulated sequence
in the first time interval, and wherein the using the second sequence for exchanging

information comprises generating a second modulated sequence based on the second



second anount. 20. The nethod of claim 18, wherein the
using the first sequence for exchanging infornmation

W@ oimpHs@es generating a first nodul at ed sequenP€I/Daxes050779

on the first sequence and a first nodul ati on synbol,
and sending the first nodul ated sequence in the first
time interval, and wherein the using the second
ssgorescadfagecendohadgitmy Synfbol, matl isordiep thesegmd modulated sequence
gﬁgeratin%rais%cogd nodul at ed sequence based on the
e Sﬁ%§gﬂugﬁb8 8idt a second nodul ation synbol , and
sendi ng the second nodul at ed sequence in the second
tinme interval. 21. The nethod of claim 20, wherein the

sendi Ab t hé&he imehodrsfurlate £& eyherpive theo sptdinge shes dieti Apdulated
%@213{@%0|08m Best pe%dfﬂgr ¥ s?%%?hih??th%egiyﬁn&%d&gteﬁ sqquence on K

secuti v subcarriers rst tine interv
angenhier asubcdriiers Senbk figst tthee fra@oald antd duhleadie thes egdacte second

conpri ses sending K synbols for the second dul at ed
@eaﬁléﬁée%awnﬁe EOMBEISFIENS &%%P‘?‘?q% f e 084 Serditiied soquence
bh ecdnBitiv@lubcadiersiGhdRIBRHBE il‘Etleﬁz‘aIT‘ 20, further

conprising: generating the first and second nodul ati on
synbol s based on only acknow edgenent (ACK)

inforgatio or_.onl hanne uality.indicator (CQ)
inforEZtioﬁ?egpﬂﬁﬁfﬁc%ﬁkggnénﬁgﬁCQﬁ%ﬁ@Pﬁ%tion. 23. The

met hogerRfatilzai the 18irst WMagH eisébonle misduldiohh&yfibbit based on only
sequence for exchanging i nformation conprises

pekaemddggmantf i(ASK)noefarmaation, seiqwehc echiennal hgudlity stndidatas  (CQI)
interval, an el atj t he first nodul ated sequence
%/I\}I%?Iﬁna;{ & ?ri%ro g} &ggq%nencdgp%cgorgbatug}l‘n i nformati on sent in

the first tinme interval, and wherein the using the

second sequence for exchangéng i nformatiQn conpri ses
recei ¥3-ng AN pghed mbdelria &8 sehfieincle winghdhe degingequence for

LR SRl RS AL A A5, ARG TR e vt ime
imtdroslratd omrdaintg tho firklemeddatad stquracd nitarthalirst 2dquehbeto obtain

t hod of cl.aim18, further co I Sj ng: r.eceiving
IMPEHATER iSEH 18 Hi it ey ey R4 s 8_%111%@1?1_ Trrdtsgquence for
EX RN oind tiRFdUna RO RRGRRIs&f ré@ef\fir?%;ﬂ%ngec%ﬂgl h6d @Ml t Rqlidhce in the
the first tine interval, where IS one or greater,
savdnd hieneMnserepl e gk soredatirg e rigeartdembilulsted sequeane evith2Be second

An a ratus far wi.rel ess comuni.cati o onpri si ng:
PR B0 wiPrbF s TSR ER Bholing! n
information in a first tine

24. The method of claim 18, further comprising:

receiving information sent simultancously by M user equipments (UEs) with M

sequences of different cyclic shifts in the first time interval, where M is one or greater,

and the M sequences comprising the first sequence.

25.  An apparatus for wireless communication, comprising:

means for using a first sequence for exchanging information in a first time
interval; and

means for using a second sequence for exchanging information in a second time

interval, the second sequence being a cyclic shift of the first sequence.

26. The apparatus of claim 25, further comprising:



interval; and neans for using a second sequence for
exchanging information in a second tine interval, the

W@ ewsnsb48equence being a cyclic shift of the fPeBHUS2008/050779

sequence. 26. The apparatus of claim 25, further

conpri sing: means for generatisyy the first sequence by
cyclically shifting a base sequence by a first anount;

and newass foogenpeatmgahe fept sérpicsecipney chieyheshiftingy base sequence by
ﬁgklcall¥ #}fting t he base sequence by a second
AMOUATCY27 T he apparatus of claim25, wherein the
meansmic@is sd Bendrittngf S ke®@AURKGENEOby &yCh@Ngi Bgfting the base
i nformati on conpri ses nmeans for generating a first
pRsenEt R sweoibHB@Based on the first sequence and a

first nodul ati on synbol, and neans for sending the

first nodul ated sequence in the first tinme interval,

and wWRer ei Mhi hppamansof etaims g whbeeis ebondeseqioenesing the first
for exchangi ng |nf mat | on conpri ses g;ans for

GreMer &t h@X%lag%leg ﬁ%%ﬂﬂnaqoatpr%%qﬁléﬁ@ OpaSENg 4 it modulated
%@ﬁ@: %Q&'%ﬂctﬁe %gt &q ﬁ&&%nﬂld@%%t%b&ﬂambolagﬁd means for

neans for sending the second nodul ated sequence I n the
seandorgdtht ifirg modwatedisequz8ce Ththe dpgatinat igeryhl, @hdiwheRin the means

ﬁ\lnerel n he rrea(gs for S?ﬂdl ngl%t he fi rfs dul at ed P
L qtidhed %‘:oﬁ%?l? SSTHBEHS© Bathend® R“%iqo}?BoF%mP%sreStWSanS or
bédesdtingDd i Bh& thRRAMENER Bt kb BEN SR GM EABn YBGRNES BB a second
In the first tine interval, and wherein the neans for

geduliatign tshimbgk cd dmedrufat S@ad@éqfhe riseonsomodikates sagaarce in the
for ggndlq% Rlsyrrbols for the second nodul at ed

secon me 1m . . .
guence on consecuti ve subcarriers in the second

tlne interval. 29. The apparatus of claim 27, further

conpr|3|ng means for generating the first and secqgnd
nodul &% onTBY MpBIatup Lfeelathh 28m‘%1€a@n B Teere niehtsepdipk)the first

{nrcl) gl{ {Eng: %egﬂencgrcog{)blnﬁe A E‘Iﬁef r%@dlh%%ko ﬂ'git:)?lg;fgf gl%%f%modulated

eqqpam&tmsKa:ﬁ)nsdcamm s’&ﬁ)pamhsrlﬁltlne filve timeanerfafirand svtgeih fiee means
rst seqyence f or angi ng i nformati on conp

ch
Rding} erss%%xd\m%ﬁ%te@ ﬁ%@nwmpais%mg@weh%dme@ fgmbols for

fHer Sdeobdl rfﬁodd"z{t@d \@huenddbnRa Qénge@ﬁtn%o Gt AL Gn THE second time
first nodul at ed sequence w th first sequence to

ottraaln i nformati on sent in the flrst time interval,
and

29. The apparatus of claim 27, further comprising:

means for generating the first and second modulation symbols based on only
acknowledgement (ACK) information, or only channel quality indicator (CQI)
information, or both ACK and CQI information.

30. The apparatus of claim 25, wherein the means for using the first
sequence for exchanging information comprises means for receiving a first modulated
sequence in the first time interval, and means for correlating the first modulated
sequence with the first sequence to obtain information sent in the first time interval, and
wherein the means for using the second sequence for exchanging information comprises
means for receiving a second modulated sequence in the second time interval, and
means for correlating the second modulated sequence with the second sequence to

obtain information sent in the second time interval.



wherein the neans for using the second sequence for
exchangi ng informati on conprises neans for receiving a

W@ ewsnsb4aDdul at ed sequence in the second tinme PET/ER088/050779

and nmeans for correlating the second nodul at ed
sequence with the second sequgnce to obtain
information sent in the second tine interval.31. The
apparatus of claim 25, further conprising: neans for

recei yj ng & forgg%ioq? ent, si k}%neoyﬁlg by M user

equi pnent s Eiﬁ%ﬁ W't P g ué § PP ¥ er ent cyclic

shi ft fehiy Fdiercbéikbilg Infféhatioh aed@bimuMagssusM bg MN@cePrequipments
reater, and the M se uences‘congr[sing the first )

&éﬁﬂ@w&M szuenceié Wity ghnh bttt themirsiotipe iatpiygl, where M is

[ - ne, cause

PRESS Hest R MO Roq R B P B i g 5

first sequence for exchanging information in a first

time [nterval; and usj a second sequence for,

n :
exchargi ng/i MFGTSTT bt BCUWR o FMPYITRS | plERGiaNS Whigh, when
secand bZ%%@dE‘ﬁ?e, P£1sB thAmEAGhd t‘g g%ﬁbﬁﬁ ogéraﬁ&?s iﬁélﬁéﬁiﬁi

sequenceé. 33. The nachi ne-readabl e medi um of clalm 32

whi chysinge fire xeqenedfop yx¢haegima cformestionan sdirstieneratdrvaleand

to perf.orm operations further i.ncluyding: generati .

e T PSE SoaHT e P ear S eHPrErling R aeend fme interval,
ARGV QYende béihgh c?mmﬁﬁ oPihd fEGReHRhtNY the second
sequence by cyclically shifting the base sequence by a

second anount. 34. The nmmchi ne-readabl e nedi um of

cl ai mS;’ 2 thpﬂacl\{\{iﬂeﬂea%)éﬁ% %eecﬁunt%%f tcpalem gﬁ%alnghe witd S Ecuted by the

the nachine T0 per?orn1opera ions “further |ﬁ87uaing: y

gROEN&daNG the fatiihe FOphtfrinashcatigieNEthehAsRAimE t he

first sequence and a first nodul ati on synbol ;

gener BeNcHing the dBHASCHBONSE dtveey dise e HtiBingas bascospduipice by a first
d guence and a second nodul ati on synbol ;

%@ﬁ%ﬁhgﬁfhe first nodul ated sequence in the first tine

i nt er galeratmgdths encbindgsetihencs dgoagtlingtublatted the quetiseucnce by a

the second tine interval. 35. The machi ne-readabl e

MREANY A8t | ai m 32 which, when executed by the

machi ne, cause the machine to perform operations

further including: receiving a first nodul at ed

sequedée i mhe machine-stadabloenddmneof alajm 32 which, when executed by the

machine, cause the machine to perform operations further including:

generating a first modulated sequence based on the first sequence and a first
modulation symbol;

generating a second modulated sequence based on the second sequence and a
second modulation symbol;

sending the first modulated sequence in the first time interval; and

sending the second modulated sequence in the second time interval.

35.  The machine-readable medium of claim 32 which, when executed by the
machine, cause the machine to perform operations further including:

receiving a first modulated sequence in the first time interval;

receiving a second modulated sequence in the second time interval;

correlating the first modulated sequence with the first sequence to obtain

information sent in the first time interval; and



recei ving a second nodul at ed sequence in the second
time interval; correlating the first nodul at ed

waeegaosael with the first sequence to obtain i NPCT/IB1008050779
sent in the first tine interval; andcorrelating the
second nodul ated sequence W tdy t he second sequence to

obtain information sent in the second tine interval. '
correlating the second modulated sequence with the second sequence to obtain

information sent in the second time interval.



