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W rel ess communi c%}l ol 'system~a base stagl on nay t smgord;a tato
one or norefetsrde. equi pnments (LTEs) on the downlink and may receive
control information fromthe UEs on the uplink. The downlink (or
forward link) refers to the communication link fromthe base station
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communi cation link fromthe UEs ase station. It is desirable
to transm y theggggptrol information as efficiently as possible in
order to inprove system perfornmance.

[0002] The present disclosure relates generally to communication, and more

specifically to techniques for transmitting information in a wireless communication

system.

II.  Background

[0003] Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systerms 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.



2 SUMVARY [ 0005] Techni ques for transmtting information using

cyclicalQMD§&k%&5glsequences are described herein. The ﬁ@ﬁh%ﬁﬁ&&%Tﬂ
shi fted sequences may be obtained by cyclically shifting a base

sequence by different anounts. The base,sequence nmay be a CAZAC
(constant anplitude zero auto correlatian) sequence, a pseudo-random
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properties. Information may be m)duqlg e oﬁq{he cyclically shifted

sequences AYSPeNtTdRHiRHeforREMbRLHiAN idBERAIAUSIRHERIRS!Y 9kiRkd Z6ghences
frequency division nultiplexing (LFDV . éOOOG] I n one design, a first
sequence nay descrijdereatiod He eypbrillyathifjeds saguenasgy mayeboableingd duetyckedly

a first angupt, and a secaond s ence may b nerated by cygli
ahi £t ng. ¢ R bieE Do eEt By USRS Tut T otpd SR ARfneBimEl By p ke
the first aodseRcanlingsuenceaso yrchecfetauehasd pasesradom heppiNEPN)
pattern that indicates the anmount of cyclic shift in each tine

i nterval . Teersppr sanpetheieseauenep hpeing@oed Aomelatigapienctyas. r biyaties may
?.5 si gned g m%%%ﬁtetd[)&”tﬁ@‘cga*c‘aﬁy g‘lﬁﬂﬁ@@é’(}u@ﬁce?@ﬁ& 's&{t‘hsﬁlg.aamS&hJitionthé&nique
irst sequehce nmy be used Tor° exchangtng (e.g., sending or

recei vi ng) sichfegrnemtizanfrédquency divsion mokipleningr(@@DMThe second sequence
may be used for exchanging information in a second tine interval. The
first and $¥98hd tlpfncidesieny afestigguase %p%ae%e@tﬁé by @V@ﬁtﬁﬁwﬁ%@ the
peri ods, di ' :
design for bé%ﬁgﬁ%c;é h?%ﬁ%ﬁ%ﬂuﬁ’gﬁ?ia&g?gﬂ%ﬁ eaﬁcggﬁge%eg%ﬁgﬁg{ér%ay ghcally
gener at ed blafeg te tdse stquente dgouecmmed aantbuat.f i Thet cyvbidwheltsi tom thy ivs] and

A second nodul at ed sequenc be erated based on .t he second
Sequonce aNEFORT SERURAS T b TR BRoedTeTb & PRI e edh Lo, dniicates the
modul at ed §§1@Hﬁr@f‘5‘c§zcﬁ@¥h1@§in5%@h tiofe th@vill I'eile RAPPimepaReh PﬂagHJeKdetemﬁned

intervals, respectively. Each nodul ated sequence nay incl ude
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are descri pe7i n flar drvedestbet fok Iseldih®wformation, a first modulated sequence may be
generated based on the first sequence and a first modulation symbol. A second
modulated sequence may be generated based on the second sequence and a second
modulation symbol. The first and second modulated sequences may be sent in the first
and second time intervals, respectively. Each modulated sequence may include K
symbols and may be sent on K consecutive subcarriers, e.g., using LFDM.
[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.



3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00101FIG 1 shows a w rel ess

mul tiple.access comunication system [0011]FIG 2 shows
transm sQAYSBH*he downl i nk and uplink. [O012]FIG 3 KRYe2048/050779

transm ssion structure for the downlink and uplink. [O0013]FIG 4
shows a base sequence and a cyclically 8hifted sequence. [0014]FIG 5
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[0019] FIG _10_shows a_pyocess for. exchanging ipformation. [0020]Fl G
11 shows al¥ldbesdTFos shatmtit HEPSTHIMPHYEICEIS Hrobedy ik g WhBks
process fofggigrel iag4shE0E MBideQPquence and a cyclically shifted sequence.

[0014] FIG. 5 shows transmission of information using cyclically shifted sequences.

[0015] FIGS. 6A and 6B show transmission of ACK and/or CQI.

[0016] FIG. 7 shows a block diagram of an eNB and a UE.

[0017] FIG. 8 shows a transmit (TX) data and control processor and a modulator,

[0018] FIG. 9 shows a demodulator and a receive (RX) data and control processor.
[0019] FIG. 10 shows a process for exchanging information.

[0020] FIG. 11 shows a process for sending information.

[0021] FIG. 12 shows a process for receiving information.

[0022] FIG. 13 shows an apparatus for exchanging information.

DETAILED DESCRIPTION
[0023] The techniques described hercin 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
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and 15-856 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), TEEE 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



[ 0022] FIG 13 shows an apparatus for exchanging infolination.
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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.



5 [0027]In the foll ow ng description, the terns "ACK' and "ACK
|nformat| rlcaIIy refer to ACK and/or NACK. As s

2, the LI ﬁ%g/%ﬁ?%smt data and/or control |nformt|on98%5#8?/$w§9
in any given subframe. The control information may conprise ACK, CQ,
etc. The type and ampunt of control inférmation to send may be
dependent riqus f S e

transm ssi @ir']bz theqﬁuth er o’?’ﬁlﬁag?i&{l@a?mgé&gﬁn% %@q:or& CZI 9—1;(1119 ih Ormatlon

much of t hgededichioniefig t6 @STH bid/bON AT U e Shom Aﬂ’q(hadth@,@]i n{a@@&ahhiﬂﬁata
utilizes orthogonal frequency division nultiplexjng

downl i nk afRl/ey ¢rptiel HHPLRAEENS PERRVERG Y1 amogg/ﬁ@ﬁulhfe:ﬁm@ prbw?fgm(l séoﬁmon

on the upl

mul tiple (k[l‘{%(for]tq‘ﬁogong‘lit %%éarr?géyﬁe\ﬁ% h{&gpg a g?’%@%ﬁ%ﬁde%ggr%ad
to as tonebg dbpersentedrcvarkes fagutscach iae whegher BEINOdE luaed torvirdnsmikatoa, the
I n general, dul n synbols are_sent in.the fre domai n wi.th
ROV and | RUPRS' 9 RS 104 €1 SEO‘i:ﬂWPIFHYL’i*’EC{‘ hes Jéﬂ?%@gb&SMwn
adj acent syheadfdneASKMRY g, fi xed, and the total number of
subcarriers (N) may be dependent on the system bandwi dth. For

exanpl e, N[H&$] be IéEﬁlallﬁhtZtS 0213y 2oRBl6 freGucdcy KivigioprmetipBxingr (@Manan the

shows a deoryPTly et iRt i Erty B ib BRBRlnE GiorBBDRbutngnd
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transm ssi I
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control section may have a confldg_;lurab e size, which may be sel ected
based on t KAe sabfoame rofy deve rofixédfduraren] erg.t on@eméhsccprtdhémdplandkmby be
the UEs. The i.on . my
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i ncl udi ng eARbdIQPeEABEs, 6 subcarriers, which may aI |l ow a single UE to
be assigned all of the contiguous subcarriers in the data section,

[0032] I n of038ksi dfer thadawpltiod weowsFoBleckainey oA avpiabio ngachklatewhere S
associ at Edn{'g.'ytl;% éependent on the system bandwidth. Each resource block may comprise V

subcarriers (e.g., V=12 subcarriers} in one slot. The available resource blocks may be
assigned to UEs for downlink transmission. In one design, a UE may be assigned one
or more pairs of resource blocks in a given subframe. Each resource block pair
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



correspondi ng resource block pair in the control section on the

uplink, as shown in FIG 3. The size of the uplink resource blo
pai r rmay V8P 208086481 rmtch the size of downlink resource %T’Hé%&"ﬁf&?ﬂfm

In one design, the uplink resource block pair includes V consecutive
subcarriers in each slot of a subfrane. 6For data sent on dovvnl i nk

resource bl a| r n_subf r .t he dat ot her
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Ml tipl e deywtairitks MEEOUAE Sedlo@CK pairs may be mapped to the sane
uplink resource bl ock pair, as described bel ow. [0033 In an aspect,
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CAZAC sequeg td e

sequences. TOSoMEt sufeARE i Bher {16 FAAGRRRRIC TEF daBUER AR Rl kiee
sequence, alogkmpenalin 2wdranie £ AGE'L foe tifeQity amBopuehaenfoemationAmEARAENt on the
sequence can provid ero aut orr.el is al val ue
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property is beneficial for accurate detection of the CAZAC sequence.
[ 0034] I n oh@03d¢si glm am ammcummu@hun’rbeq@tmelmbe [sentusenR fscxtuenh@ that are

d 2(k
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K = 12, thdssign, a CAZAC sequence may be used for the base sequence. Some example
CAZAC sequences include a Frank sequence, a Chu sequence, a Zardoff-Chu sequence,
a generalized chirp-like (GCL) sequence, etc. A CAZAC sequence can provide zero
auto-correlation, which is a large value for the correlation of the CAZAC sequence with
itself at zero offset and zero values for all other offsets. The zero auto-correlation
property is beneficial for accurate detection of the CAZAC sequence.
[0034] In one design, a Zardoff-Chu sequence may be used for the base sequence

and may be expressed as:
x, (k)= g FFAEE for k=0,...,K -1, Eq (1)

where k is a sample index for the sequence,
K is the length of the sequence,

2€{0,..,K -1} is a base sequence parameter, and

x,(k) is a Zardoff-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 A4



7 may be equal to 1, 5, 7 or 11, and four base sequences may be
defined with these four values of 2. The base sequences_have zer

cross- coM@PUWEI¥HEL so that the correlation of a given b%%HU%)&]{?{%S??EE’

wi th any ot her base sequence is zero (ideally) for all offsets.
[ 0036] I n one design, one base sequence ffay be assigned to each cell,
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respectively. The cyclically shifted sequence x(k, a) is conposed 0o
t he sane KoSesatms. Xx(0) through x(K-1), which are cyclically shifted
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hoppi ng pattheren atihidhe atihcatt@slibehiftiuch to cyclically shift the base
sequence in each tinme interval. A tinme interval may be any tine
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e.g., a synbol period, nultiple synbol periods, a slot, a subfrane

etc. For ckds iy TheRage gequence x(k) is composed of K samples x(D) through x(K-1) for
sample indices 0 through K—1, respectively. The cyclically shifted sequence x(k, a) 1s
composed of the same K samples x(0} through x(K--1), which 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 O 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 nterval 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 @ 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 @ 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



8 the description below is for synbol rate hopping, and the

cyclical sequence may be expressed as: x(Kk, a; = +
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cyclically shifted sequence for user i Bn synbol period n. [0040]In
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and yi(k,n)) is a nodul ated sequence for user i in synbol perlod n.

[0041] In the design shown in equatlonKS each sanpl e of the
cyclically shifrébladagrends is(mumadp ed wit FPrbadi-atordssynbol Ea(3)
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(QAM, etc. x(k,a,(n)) is a cyclically shifted sequence for user 7 in symbol period ».

[0040] In one design, the cyclically shifted sequence may be modulated with

information as follows:
yf(k,n)zsi(n)-x(k,a,-(n)) > Eq (4)

where s,(n) is a modulation symbol to be sent by user i in symbol period #, and

¥;(k,n)) is a modulated sequence for user 7 in symbol period .

[6041] In the design shown in equation (4), each sample of the cyclically shifted
sequence is multiplied with modulation symbol s,(n), which may be a real or complex
value. For example, s5,(#) may be a modulation symbol for binary phase shift keying
(BPSK), quadrature phase shift keying (QPSK), quadrature amplitude modulation
(QAM), etc.

[0042] FIG. 5 shows a design of transmitting information using cyclically shifted
sequences. In this example, each slot includes 7 symbol periods, and a subframe
includes 14 symbol periods with indices of 0 through 13. In each symbol period 7, a

cyclically shifted sequence x(k,a,(n)) may be 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,(z), 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,(n) may

be sent on different cyclically shifted sequences in different symbol periods. The K
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a predetermne
design, the hopping pattern for user { may be a pseudo-random pattern that may select a

pseudo-random value for a,(»n) in each symbol period.

[00406] In one design, M different hopping patterns may be defined based on M

different cyclic shifts of a base hopping pattern, as follows:
a,(n)=(a(n)+i) mod M , forie{0,.,M—-1}, Eq (5)

where a(n) is the base hopping pattern. The base hopping pattern 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 7 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)



For exanple, the predeterm ned pattern may increnent al(n) by a fixed

anmount Vi nbol period and may be given as ai(n
(ai (n)+v) &rﬁ@%ﬁ}%“% anot her desi gn, the hopping patternp?ygjg%@gp:’mw

may be a pseudo-random pattern that may select a pseudo-random val ue
for ai(n) in each synbol period. [0046] 1% one design, M dlfferent

LT TSR A T G e

hoppi ng. paP eéékaw%%éaip%‘i%%méﬁ? DBESE AR 5181 4 P oo

pattern ane abysdaeinkhOWl!.t Bachl dsemey Seteﬁﬂlﬁb ms&appl Yattkeh BadBdR® itstifidex i
hoppi ng pattern based on its index I and the base hoppi ng pattern.

[0047] I n aAed M celbsegiic hnpisg é@t&qﬁ@ Hoiblsrang cplht may nse rdiffersat grli-phesific
based \ 12j
e a cer POENAL PRRSLY, WRICHIRR, AluRAR Giliadh Sl Qi cel ReMgRS, 12 €

hopp| ng pa[ﬂ{bilsh mal;n thedeslgfsaﬂkeu»ar1meqeﬁzqnat(ﬁ)eanal (@b M Gfferdohompittopatterns
pattern and users in the eI I ach, user

det ermine P ﬁﬁ‘ijio 3@& @@ﬁﬁffﬁa led2lBfs of & i Adese M Eﬁaplpﬁepaﬁems may be
cel | - speci Bﬁﬁoé}ﬁ&ﬂo%e%b%h%? Qo ttht BB%S Nfsei§ §lsé %he”é%}he Lidihifeh eny symbol

cell-specific atterns, whi may ensure random zati on of
adj acent cettiod. nfféﬁﬂ‘érchffeent p«mﬁﬂg Ipatt¢me mbysbgassigiedvin Mndifgreat uears for

(5) and ( G)fr’ansl\1411csj§1£r]; gfr m?(;[rmg9 5P Iorrll thel S%Heeurpﬂnk resource block.
[0049] In the design shown in FIG. 3, S resource block pairs may be available for
the downlink in each subframe and may be assigned to up to S users. If up to M users
can share the same uplink resource block pair, then the number of uplink resource block

pairs for the control section may be given as:

S
L<i—|, Eq (7
{Mw q(7)
where L is the number of uplink resource block pairs for the control segment, and

{1 denotes a ceiling operator.

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

uplink resource block pair, as follows:
s=0-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
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resource b hﬁ?%eq%la%d t%sf el homs ho%nqwe'ﬁhat'r:fﬂl (s§) In particular, £ may be given as

¢=|s/M], and m may be given as m=s mod M, where ‘{ J” denotes a floor
operator. a,(n) may be equal to m at a designed symbol period.

[0052] Equation (8) shows one design of mapping S downlink resource block pairs
to L uplink resource block pairs and M hopping patterns. The users may be assigned
downlink resource block pairs, uplink resource block pairs, and hopping patterns in
other manners. In general, a user may be assigned any number of downlink resource
block pairs, any number of uplink resource block pairs, and any number of hopping
patterns depending on various factors such as the available resources, data requirements
of the user, etc. For example, a user may be assigned multiple downlink resource block
pairs but only one hopping pattern for one uplink resource block pair.

[0053] As shown in FIG. 2, a user may send only ACK, or only CQI, or both ACK
and CQI on the uplink in a given subframe. The user may be assigned an uplink
resource block pair and a hopping pattern for sending ACK and/or CQl, e.g., as
described above. The user may send ACK and/or CQI on the assigned uplink resource
block pair in various manners.

[0054] FIG. 6A shows a design of transmitting ACK using cyclically shifted
sequences. In this design, the ACK may comprise 2 bits for acknowledgement of one or
two packets. The 2 bits for the ACK may be encoded to obtain 16 code bits, which may
be mapped to 8 QPSK modulation symbols s5,(0) through s,(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 s5,(0) and
s;{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 s,(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
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periods 9 through 11 may be three cyclically shifted sequences x,(£,9) through
x,(k,11), respectively. The reference signals may also be generated in other manners.

[0057] FIG. 6B shows a design of transmitting CQI or both ACK and CQI using
cyclically shifted sequences. The CQI may comprise (1) a base CQI value and a
differential CQI value for multiple packets or (ii) one or more CQI values for one or
more packets. In one design, the CQI may comprise 8 bits, and the ACK may comprise
2 bits. If only CQI is sent, then the 8 bits for the CQI may be encoded with a (20, 8)
block code to obtain 20 code bits, which may be mapped to 10 QPSK modulation
symbols 5,(0) through s5,(9). If both ACK and CQI are sent, then the 10 bits for the

ACK and CQI may be encoded with a (20, 10) block code to obtain 20 code bits, which
may be mapped to 10 QPSK modulation symbols s5,(0) through 5,(9). In this design,

the number of information bits changes depending on whether only CQI or both ACK
and CQI are sent, but the number of modulation symbols remains the same. Each
modulation symbol may be sent with one cyclically shifted sequence.

[0058] In the design shown in FIG. 6B, the first modulation symbol 5,(0) may be
sent with one cyclically shifted sequence x,(#,0) in symbol period 0. A reference
signal may be sent in symbol period 1. The next three 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 s,(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 i 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,(£,11) in symbol periods 9 through 11, respectively. A
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[0061] In general, information may be encoded and mapped to any number of
modulation symbols, and each modulation may be sent using a cyclically shifted
sequence in a symbol period. For clarity, much of the description above is for symbol
rate hopping, and different cyclically shifted sequences are used in different symbol
periods. The sequence hopping may also be at a slower rate. In this case, the same
cyclically shifted sequence may be used in multiple symbol periods, and multiple
modulation symbols may be sent using the same cyclically shifted sequence.

[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 the UEs in FIG. 1. In this design, UE 120 is equipped
with T antennas 734a through 734t, and eNB 110 is equipped with R antennas 752a
through 752r, where in general T2 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, e.g., for modulated sequences. The
control information may comprise ACK, CQl, etc. Processor 720 may also generate

and multiplex pilot symbols with the data and control symbols. A data symbol is a
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[0065] At eNB 110, antennas 752a through 752r may receive the uplink signals
from UE 120 and/or other UEs. FEach antenna 752 may provide a received signal to a
respective demodulator (DEMOD) 754. Each demodulator 754 may condition (e.g.,
filter, amplify, downconvert, and digitize) its received signal to obtain samples and may
further process the samples (e.g., for SC-FDM) to obtain demodulated symbols. An RX
MIMO processor 760 may perform MIMO detection on the demodulated symbols from
all R demodulators 754a through 754r and provide detected symbols. An RX data and
control processor 770 may process (e.g., demodulate, deinterleave, descramble, and
decode) the detected symbols, provide decoded data to a data sink 772, and provide
decoded control information to a controller/processor 790. In general, the processing by
processors 760 and 770 is complementary to the processing by processors 730 and 720,
respectively, at UE 120.
[0066] eNB 110 may transmit traffic data 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
antermas 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



ACK and CQ may be encoded with a (20, 10) block code to obtain 20

code bit which nay be mapped to 10 QPSK nodul ation sy I 1 (0
t hr ough 37?530.8/%?%31[ hi s desi gn, the nunber of informtioﬁgﬁpg@%%ﬁ’ﬁ@es

dependi ng on whether only CQ or both ACK and CQ are sent, but the
nunber of nodul ati on synbols remains thE sane. Each nodul ati on synbol

may be sen ] cli shi S . l.n-t he. desi
chown i 1 i oo SRRLBNEADE bl MORRHE BAE apt PORR) kBB R PR
one cyclicwdlE yoshi fted sequence xi (k, O in synbol period 0. A
reference signal may be sent in synbol period 1. The next, three

modul at i onl®$dbol Latollersimeessyprs 444 ayd ﬁ%m&r direpl thgiopgratipp @eUE 120 and

cyclically I f1the : ; i
periods 2 teﬁrﬁoll}tghgeéf,ﬁ&ﬁfe&g%?téﬁeé%%% 3&2 %12; Z?‘g En(?g Sgclg%a%fa E{r?rlg?{' Egﬂlsne%q[dels rﬁor
synbol perUkd 150 ahtheNRAt 01 wapomthalyat 20 scleinieol 794 sthy sclamldles UES ) fomaigta

be sent wth two cyclically shifted sequenges x1(k,6) and x1(k,7) jn
synbol per FERENIEsiIGhan the d @&W&rwﬁﬂ( PR B8 ASEISR FRUICCRR) ! éc%%#!ed
in symbol pgkiod 8. The next three nodul ation synbols si(6) through
3.1(8) may be sent with three cyclically shifted sequences x1(k,9)

t hrough xi [0068]l) TG \Bndhotvsperidvdddiagratrhefoaiddsignof T¥ sleecanidwehirol procaA@dr

Zo0e106cdaioE SRO0RIOS0TIS, Ve BhSLeRge = Wy TR 083200 4% o

one cycl i catdc¥sshBIG Gy SBEHMRNER] Mrotdss LdhtrbNinfotiadabn, R | AEKL 3ad/JNEQI, as

reference signal for each synbol period may be an unnodul at ed

cycl i cal | yshgnyrf inellGS. 6A and 6B. Processor 820 may generate cyclically shifted sequences
based on a hopping pattern assigned to UE 120 and may modulate these cyclically
shifted sequences with modulation symbols for the control information to obtain
modulated sequences. A TX data processor 822 may process traffic data and provide
data symbols. TX MIMO processor 730 may receive, multiplex, and spatially process
the symbols from processors 820 and 822 and provide T output symbol streams to T
modulators,
[0069] Each modulator 732 may perform SC-FDM on its stream of output symbols.
Within modulator 732a, a discrete Fourier transform (DFT) unit 832 may receive Q
output symbols in each symbol period, where Q is the number of subcarriers to use for
transmission. Q may be equal to K and correspond to the number of subcarriers in an
assigned uplink resource block pair if only control information and no data is being
sent. Unit 832 may perform a Q-point DFT on the Q output symbols and provide Q
frequency-domain symbols. A spectral shaping unit 834 may perform 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.



sequence for that symbol period. The reference signals for synbol
periods |, 5 8 and 12 may be four cyclically shifted sequences .
x1(k, 1), V%)E???@?Gfs’xi (k,8) and x1(k,12) , respectively. E%ng{ﬁ%’m”
nodul at ed sequences for only ACK, or onlhg; CQ, or both ACK and CQ
may be transmitted at different power |8vels, e.g., different offsets

relative t r nece signal, l.evel . .Th ower, | evel s o)

el oct eq + TR, VAT RS i il of s R PP B e TR P g e
transm ssi gid chRRAYddetDr 76 ARMES Bl G RORIG PRC iWitin dRSiodaRt@R754a, a cyclic
transmtting ACK and/ or g&j in an uplink resource block pair

conpri si ngPEfixsiprmeuel Wt PbdsnayTehtainc tafh dreseiveshramplgs & sechpeymehnd ageigd,
d d.t ' s i Cati ‘
cyntior o aniay el Rt oo rpdhass A RRE Brell BB Jeecived

di fferent fargpied e toesefid povion, M EIFRESuni6WN 4umdy pB:forfnd 86 N-paingeR€oalthe N
informati on may be encoded and napped to an?/ nunber of dul ation
S

symbol s, aff¢eas hanplgsped peidedy rerered symbelsHgr thedy dptalsbeyrrigns; fkhege N

sequence i : i i MG it | :
above s 1 RS ERRboIRBIY REnafblei R L) TG on (U A7 (Bhpflins o
sequences aN8 UHedTha pdodekengnd reypwbotorpr iinfbsmatidrefremqUENEX) tsoggscmiged
may al so be at a slower rate. In this case, the sanme cyclically
shifted segﬁlé’ﬁ’ce may be used in nultiple synbol periods, and nultiple

modul ati on (ﬁl’?‘igm SA MBMRA-t§ 8 M caltdrNderh i SAMiCWAk! BRAY! Yrovhtel (Bdeceived
sequence. {006 ]FIG 7 shows acafbl cgckedigkgpél?g;m of a des#’ _%r of ee% :??L%‘_re
and UE 120symboleHramehor@ subcartiersen®d bind/lon@0oind mayUtiscard the Gemaining

In this desi UE 120 i i ith T 73 h h 734
and oNB 11 R GERBRRy ATt i e FeBE bR Sesfved By ot P e
general T Irandl Rapingl@H6hAL bLUE 1280 ArdIDEX it Sooaieh pefdriOd (Zg-point IDFT

processor 0O may receive traffic data froma data source 712,
process (eop.the Bhicsled, symboby dnglapreyvids @ datpéulaigd sympatsol RiddiMPnerocessor
traffic da d vid s, Prac S
recei ve conth oftts nPGTH PURRLF ERELCon CHECERRGLALED B o sl R

t he contr odembdwiatat 730 @soughsiodt, iedvidb dercted ngmpoBVibe eogtesl tinfkmation to
synbol s, e.g.,. for nodul at ed_sequences. The conérol i.nformati on nay

conpri se AGKRIcegniralprocepsopedd, broadsrdgmedeed axebels 1 fAnc R pidesa
pilot synbgl el 835 NRRUAEFEQRE 930 BAFTRbSss As RIREMRUynitdIPand

provide decoded control information, e.g., ACK and/or CQIL Processor 930 may
correlate the demodulated symbols with the appropriate cyclically shifted sequences,
compare the correlation results against one or more thresholds, and obtain decoded
control information based on the comparison results. RX data processor 932 may
process its demodulated symbols and provide decoded data.

10072] FIG. 10 shows a design of a process 1000 for exchanging information in a
wireless communication system. Process 1000 may be performed by a UE, a base
station (e.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.



14 synbol for data, a control symbol is a synbol for control

i nformati il.ot synbol is a synbol for pilot, and P()ggo

be a real‘gﬁ?o@@%‘%gx val ue. The data, control and/or pi ?Sf %8%52%
may be nodul ati on synbols froma nodul ati on schene such as PSK or
QAM Pilot is data that is known a prioll by both the eNB and the UE.

[0064] A TXri\ pr ( : d

from pr oce S(;’?P 720ﬂgen C\Z/élgc %Xy EE: glg&sgog %8%%%“%2@% %d#@%r%@?ﬂh@
nodul at or s in{fditiori3za ﬁrktrtqmg ntet3&t (bloEK 1M O Theorzesabyeqide mpay treused for
omtted if UE 120 i.s.equipped with a.single antenna. Each nodul at or
732 may pr 6% egmgen%@bwfnp gy AEFong; timg f(«‘efag with ghe sgeppylpequsnehPEng 2
an out put E%IQ SHift %‘Nhe lﬁ?&@ef{@éﬁ% %BIBEk ﬁ@?S)miX &Hﬁtﬁﬁﬁen%é”?ﬂd)l bOUsed for a

(e.g., convert to anal og, upconvert) I'ts out put
chi p streamftwngesigndtie athidpiime knfslrvghamth ’flheuqh[rdrﬂeqlsengcné)bmgfamther cyclic

nmodul ators 7,32 hr pugh 732t transmtted via T a nas
e o S S, e BtP Seidhce, Oehbe st BRESCDRS sEayace, qhy S e Red g the
752r may regBleM& biBaluplThakeiSt gﬂ@'s‘éc&ﬂdomnuanie%%@rmdw toRéspehd WEdifferent
Each antenna 752 may provide a received signal to a respective

denodul at osyfENenpdg differeshotsehnultipk symbpbpeningy, @ﬁn@n’c Subrirapes.cplc.

filter, nvert ndd |t|z ghal, t o
obt a ' s a1l and RETIRIBEh 8 ANER LTk LIohTLBRRLY B pfipRliel Bige
to obtain dmygeuicating sforkation. Arodss Mmswhe@eegﬁ)efmﬁkmm@eﬁd 9018 in
M MO det ection on_the denodul ated synbols fromall R depodul ators

754a t hr ou§HI7Hhr Fisgidng sesand enerbtaionsymbolpany be gpnepgted hsgd saACK, CQI,

control pr . Dr - Ja,

et anbh e ESE0he! HolicR BRERT 115 In. piePARMLRN Seo (RLONEL FAlGerated
a data si nkastdZon dedipr @queectadate dirgtanbddbtionnéymbot(blook tid14). A second
controll er/processor 790. In general t he, processi ng by proc d?gﬁrsgﬁepd

760 and 7789dulaicshsnqusRas: meY DF gopgratch hasek e Mip BRFORT Sedvsacs an
720, r eSpe%dleFaltMn s?&b@ﬁ(ﬁig& 1l @661:83\@10%&011@{;3&6113815@ Ean?é]?{: ff(%jrgtthgaﬁr@t

and/or control infornmation on the downlink to
from a dat aecammecma)? 8 nanigpplod wionthedlrst mbmrlamm symbot ¢orobtain a corresponding

controll er/ essor roc a TX at and control

P ocessor 789 Wnk HIPHBOD i SoSedony e SENND prgRayoBoosaRE Jry be
obtain R oeém&n@mme s8édn@andduldfedRAbRleOr s 754a through 754r may
process the R output synmbol streanms (e.g., for OFDM to obtain R

out put chi HOGASH ean‘ﬁheaﬁ@t mwgufatadt earense mﬁyt beosent ethsftrpliime itprval cegany

220"t hr ougr DI KBS LR i ® iR diSeiaE This Ehakl s BLERICH
recei ved byhefifsefing sntés4n(bldukoudB). 7844 sece@cndioam@n:a@e@mic@m«}eeee@t iBYhe

denodul at or s 732a throuagh 732t, and further processed by an RX M MO
processor PEEMitIMBETYH o8¢ by g thek synhalatos thensse peylated sequence

processor ormation
sent to UEZ@%E&[%%%&% ?]({BBO %gﬂé} 's%cgggté@gﬁg{e a{r;’l(gJ ];929 ‘may direct
t he oper at i[@v6at UHG.2IR ﬂmsei\&sﬂgh&}f a4 pepestlzoe Ipyrfoxl’rmefaidﬁy £ 8ecédBr,aryl, an

792 may stor ata and m codes for 120 and eNB
{espect | verlB: A0S EHETUILI RO iy oHSTRLD GESTIBR da of akek 48l

on the downqpi hlﬁl‘@j/l@r Tﬁ@lﬂrﬁiﬁn@cﬁfﬂa’cg@yeqﬁéﬂegﬂaﬁ GSRELIGES (40, LR consecutive
schedul ed UEs [ 0068] FI G shows a bl'ock di dgram of a fesign o

data and comntgagierpr mctdassfmt 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



720 and nodul ator 732a at UE 120 in FIG 7. Wthin processor 720, a
TX contr r 820 nmay receive and process contro n,
e.g., 0% }{)@&% as shown in FIGS. 6A and 6B. Pr ocﬁg*/g!%ﬂ)g%()h@
generate cycl ically shift ed sequences based on a hopping pattern
assigned to UE 120 and may nodul ate t hek® cyclically shifted
sequences W at ![r?neaEP(ng kSi tél‘(falt h& e COREBY (ﬁg 2(' %&E@t{ﬁﬂﬂn&%n sent
obt ai n nodu ate sequences. ata processor 2 nmay proce

traf fi c dasismdmdequsiyiydbe Mat)@saymgdmsequEMchoWﬁlfﬁnraﬁeySIMSth@d) nay

receive, l e at| a r ss the s yocessaqrs
820 and B%OJﬁg p%‘\ﬁald% Lfleylggn%fg?ﬂ §PP3éé‘H§yB§8 Oﬁﬁﬂa}a&%&ﬂs ata In a
[ 0069] Eachymgidl éérﬁﬁm&%&t;é@%rs&%{f AnRhrees ABYD AR rhde’ n%éah?%? ééfnex%%:g'dtﬁrst

symbols. Wthin nodulator 732a, a discrete Fourier transform(
unit 832 megquereeh eyl ﬁuftmgwfwmeqwnefabh adyratavhoymé (block 1 0By me@xs

is the nunber of ubcan-l rs to use r 1 SSi on.

Lo K and cOFeaHaNte fostang wander corvEiptiPRREpE e Piss Selhem By & $6cone
upl i nk resembe (BloRkK0PH), Ene'aﬁs RhNinGAnd Fitd sédifeREN R icQfhaABRoNRfFRESod f
being sent. Unit 832 may perform a Q point T on the Q output

synbol s and %ﬁsb\ﬁm lr@wb(ﬁbi@d@:ylﬂdlé}mmd Wﬁiﬁﬁolf@ umgpibet&emn Regicnes for
unit 834 m %Rgt(f nt ra? ntgi’mg rl‘nt% n% d| Sl’d{ %q:u?e%&i gequence bemg a

synbol s an pro spec aped Sy

synbol -t o- spdbieashifi ef’ thieeriel KHQuumet(b&BE mm&) MER fbéul€ BPEKD. 113l hyy shapest
synbols to Q subcarrl ers,used for transm ssjon and may nmap zero
symbol st oPXI§ESSPESHes @ﬁfrﬁa@ ubRvigesi bpiwarg, dewiey. selegironis) ppmpongats; lggigal

may perform.ap: N-HQI(PllOHE ﬁF Py é&ﬁbﬂa m@&ofynbol s for the N total
subcarriers and pr oV de onal n I'ps Tor a useful portion. A
cyclic pr et0M9genelese)bf S m'alye mmmoutmmdeamn(ﬁhahmﬁsrmﬁon lhed ugailhimay

portion an end these C chips to th ont of the. useful Qrtion
to form angeegxﬁaan tednisine EBROLR SRR NS S ?ﬁtptschn?tr}a@@ Ass For

nmay be sentyxddhi@NgtsYi 6{ i Qeh chs e
oY oo e hxdrheNg. 2YITRALcBRE | Bt CIAGTRIABE, AEAL 8, Witodhy GhidRehips

denodul at otha?5day drdreRtenkzd athamgzhovintheo Iabtpnreode@mﬁoﬂ T0avatbeeNBresdited by

FIG 7. Wthin dem)du ator, 754a, . .a cyclic prefix renmv
bt ai n N + DR Pt T Ee S R A EHE JTBBT CoHA PO PYERyRtical Teldk dr
received saamikRs, &QhyesPBREIiGYHeRofhe cyclic prefix, and provide N
recei ved sa Ies for the useful portion. A DFT unit 914 é perform

p

an N-poi nt [&%89] on These Nfrsetllewe}d Bisthpn é@r%ﬁeﬁhﬁ\ﬁh@léfaﬂwse& tyaitve logical
symbol s fo#iocﬂ? Hohglte Pﬁ' ardyehr Or iﬂﬁ?ss?e El%éﬁ‘b V€ qn Sy ?&Uon”%th

cont ai n data arid con brmat | Fom ar ¥t anhst ing to'e

110. The pdBcksseNgrdio ngcba/eﬁplemrehfredlasldlnécﬁm&t ha@dwhiep Bdrbutd2 Coftvsare, or
descri bed bel ow. .[00 %%A synbol -t o- subcarrier, demappi ngl unit 916 may
Y

provi de Q Febingdenssoinbeths” fpatlsarkye lbysuapis thisy ingsrehangeadilyy QﬁEh?IQWafén%}ld
may di scar Mﬁ‘er\gag%hgg}%tr%%edo\&g%néﬁ bcks, fﬁa&:ﬁ%{ c{?%xa&énbﬁd &%&fﬂm( been

scal e the recel S bas e spectr ping p or ne
by UE 120. d@mnbéﬂ%’bm@em&ﬁﬂy materpe of themfancf&omimyt Wﬁemch fienc€onality is

scal ed synbol s and proyvi denD Iat nbol s. ssor
760 may pef%lﬁmeﬂxeﬂ/asd%%f B aﬂ gfa?e% PRER AP yﬁ%wgrfarpa &jop gad
denodul at o Eiés@x%@nsh&fn@élﬂﬁbogéﬂbn 1] Wér&l? gﬁ%ﬁcgﬁﬂleﬁwﬂ%aﬁ nTa?rmff;‘Pé?ﬁén@ khe

information to an RX control processor 930, and provi de denodul ated
symbol s f odesgaibed tfuncetmnmxrydat Japied evaysr fo@3@chmara@dmr ebplpatioms batr such
930 may process it modul a I‘OVI de decoded con

o o e SRt B AT on LA B e R RU R SR TESE Fareufl ol the

denodul at egcoj))émpq{esprg\gehhdigagsﬁ@proprl ate cycl ically shifted
sequences, nEare the correlation results agai nst one or nore

t hreshol ds 109&1 obthe wergee dlegratiyatipgirali bipdsmmadglesh ard giremitst grscribed in
conpari son L eatibwitkth AR Ao OfER8 hay B i IF¥mBEOF 65 fertdrhe STRAMLALRS.

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



information in a first tine interval (block 1016). The second
sequence d for exchanging information in a se |

i nterval %xqﬂﬁﬁ)?%gfsecond sequence being a cyclic shi ftpg?/%%dgglﬁslﬁr?g
sequence (bl ock 1018). A third sequence may be used for a reference
signal in athird tine interval, with the third sequence being

anot her cyglic: shi the fi e fl 1 O 1 Secon }
sequence. meynEEib thefiof feFightd R pBERPRRS niGne sSlipl paEP A gpnere
second ti npuipoteproadssomnmyy bos masporudedsor, duf nethe altersytieothepeodessts may be
different slots of.nuht%g#e synbol $erLods, different suQ%ranEF, etc.
[0074] FI G. ¥4 CQHEWEOR qerieginnonaOlo BUTRCANTSeh &F AR EGeIf)e o A brocessor
transm tt ehay@id be iﬁ-lglé%nenft&f asSER TR tioR R CERbLORL dRHNQSESE, 4 488bingtiNEF
design of blocks 1016 and 1018 in FIG 10. First and second

nmodul at i onas ol andney thisrqeeessired bplesdityo nofACKicrap@psessongl/ one ophemore
information.(block 1112). .A first..nodulated sequence ner at ed
based on ¢ FUCPPREEssBn BBt DY PP EP Tt BAT e ) RSP e
1114) . A semdngl norhd glepdl oTeslURRESd MY alberiGienRledirBdd bias shr@tidr &vith the
second sequence and the second nodul ation synmbol (block 1116). For

bl ock 1114 diselgstredpran gumbrembpdiedidiscty mshardwegecesofapraymodule executed

mul tiplied,wth ir .at.ion | t0,0 i r !
one of K s?ﬁbao]i) & E%kg(r) ’toﬁéﬁ f ??Og%l%lgﬁl (<)51ftsael1 s8'queﬁc%&%?%ﬁoggfepﬁggg%g(?@ngl
may be per Rovedehorty, flash seewid, ROM hahedy SEBROM enendddO/BEFREOM iniciory,
nodul at ed sequence nmay be sent_in.the first tinme ig%ﬁrval, e.g., bX
sendi ng t h&eastey el diskgr reppyable digk, #EAIRMM P8y Qe forghofistorage medium
consecutiv - I £ Sl i i - Nt I

econd modar oy aat te BEm AN LERBlar) (Btodki RRIGRUEENBlor 1 A brab el sy o
e.g., by sdmdprogessdrecak reachinfdrmation fivhe asé ewoitd infouhdt@hed, the goeape enaliur(

consecutiv ubcan-iers in the second tipe.interv bl ock 20) .
[0076] Fi o T e cos P o giss B IBiage e pREG oty Bhe brocessor
recei ver, @nd-the 3or&RBnedidn hRGSleVidBdn Al AKIAL I PR ABIOGRSS rds2f0id & user
anot her design of blocks 1016 and 1018 in FIG 10. The fi'rst

nmodul at ed $egimhcelmthe bléernaowsi viad plasegpor ana the ctmege groedien may reside as
subcarri era‘s inthe first ti meti nt.erlval (bl ock 1212). The second

modul at ed SEGIFEHEEREY B P48 T'e. g. . on K consecuti ve

subcarrier 00930 t hm 28608 rhorBBetdhiiryakedisO e 1BhétionsTAGschibedt may be
nodul at ed sequence nmay be correlated with the first sequence to

obt ai n i nf dnplgmepisds @hthardwarpe spitwate, tiimevarat oF vally combilktion 1yreofhe If
second nody [ d.. t

o obtaln TP SARAR N Saanery the Rt & sl b RS R B o
[0077] The eMNBe imypruaSsisosr dddeaips Bompatki-egadsblt enddivdrsCompiitor-tdadaive media
hoppi ng patterns being associated with Mdifferent cg_cl,qilé cf’hi fts of,
the base seé¥ildesdofhropyuer siasags Medip ARd FEMUNICALIRPRTIRIRHEUGIRE Ry, Bedium

the eNB ma j: i i i t I t UE

Lt ng W od TEGlNES BRRACERE UBnRt: rtdhanl GO S Nochtal ABUM: ER storage
desi gn of amedépmay at aay 2340Bbicomedix chrangn bg ackatsdiby aaganerad pegese or special
comruni cati on system ratus 1300 i ncluydes neans for generatin
oo s cauRBES b S ORI o Pt DRy IS A5dew Junaine S G e edddble

amount (bl Qgddial kP dompPBANRAMIRORN GIIR O, TIRRON hr SERERiRaDYisk storage,
cyclically shifting the base sequence by a second anmount (bl ock

1014), neamsaghetic disk stpragecorfathestmagagiie plotagt slevisss lvanyy nter nedrumnthappan
ina first tine jnterval (bl.ock . 1016 and neans .f oL usSi the seco
Soquence f BF BRLRAEMIE SO ST AR SACalBRER hh oty hRiof it
the second sGREURN A PRIt NEN DeGXEdsk&l Bk fdenabl-plt@odd srSdpesienpenes ddhmed,
1018). The nodules in FIG 13 may conprise processors, electronics

devi ces, haF GneAneradrpUINess or SPeUArBHPAss RIRIRBHend O, 5y PRIICclaTy BuproReTly
menories,  ¢lfied aogonﬂ)ﬂyerggmbﬁ%éﬂ&nF Raf §>9afmpie, 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 wireless



[ 0079] Those of skill in the art would understand that information and
signal s gRy.R %ﬁgfesented using any of a variety of dl;&ﬁbgﬂ%wmme
technologles and techni ques. For exanple, data, instructrion

commands, information, signals, bits nbol s, and chi ps that may be
referenced t hroughout the above descr|h¥ % on may be represented by

vol t ages, fck'ﬁﬂcﬁb%@s Slf‘dheé:st hOARANSLdiS, é’x\ﬁvﬁﬁbromnﬁkhﬁclflﬁ@ #Sthe'definition of
particles, optical fields or particles, or any conbination thereof.

[ 0080] Thoseediurs ikl anbdise, dsursed bereap mcé@deatcerrmhettdmdw&maﬂasomlsc, optical

hesor i bad fEcoBminrerile Ry EROL RuppSLlisit b puf S, S50 Siteid disE S8eaty

as el ect r oppeoduas divas emaSRARNIET widkt URES, reﬁfodﬁémtda&atdﬁ@ﬂl}f)fwi@@t Rsers.
To clearly illustrate this interchangeability of hardware and

sof t war e, Gambsasony pfishe aboveeshowhpelseriss inchidgd keithipphieseape ef cempuist-
and steps descrlbed above generally in terms of their
functlonalﬁ%HQﬂVﬁgpher such functionality is inplenmented as hardware
or softwar ﬁlﬂ@ﬂpendﬂlel{;?@ﬂoﬁshéesﬁﬁpﬂi(brcdf e c&@nﬂsuﬁaaislmlamtod@ﬁb@mny person
constraints jnposed on the overall system Skilled artisans

i npl ement  #ijde r@es@? REde mals O ﬂ%ﬁne.wlqsﬁr%a\r’wwg mpdidcatigns @a@ﬁ Aisclosure
particul ar i 0

be' i nt er pr g acniy ekl GHER: WL E AT B I AEE Sh e paRLS dDfhed
di scl osur eherk®084y Bheppléad toushdr| Yavstiomt witleont dgparihg liloocths , spiridulsespe of
and circuits described in co n ction with the, di osure rein

be i npl oot PSUfer Popiret M@g%ﬂ%trlarenﬂ%ﬂ %@%liﬁveééggmexaglples and
digital sig nsp&é%&%e?ioﬁeréﬂ%ﬁﬁ)t isah RPRIcbRREI D vﬁH@s‘E'sEbﬁe bcﬁ{s%%n@tvﬁ% the
circuit (ASI a field progranmabl e gate array (FPGA) or ot her

progr amrabplenctlplgs enciewict Esatwiesstisdosed datedn.or transi stor 1 ogic,

di screte hardware conponents, or any 19 conbination thereof designed
to performthe functions described herein. A general-purpose
processor may be a mcroprocessor, but in the alternative, the
processor may be any conventional processor, controller,

m crocontroller, or state machi ne. A processor may al so be

i npl enented as a conbi nati on of conputing devices, e.g., a

conmbi nation of a DSP and a m croprocessor, a plurality of

m Ccroprocessors, one or nore mcroprocessors in conjunction with a
DSP core, or any other such configuration. [0082] The steps of a

nmet hod or al gorithm described in connection with the disclosure
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 nenory, EPROM
menory, EEPROM nenory, registers, hard disk, a renovable disk, a
CD-ROM or any other formof storage nmedi um known in the art. An
exenplary storage nmediumis coupled to the processor such that the
processor can read information from and wite information to, the
storage nedium In the alternative, the storage nmedi um may be

integral to the processor. The processor and the storage medi um nmay
reside in an ASIC. The ASIC may reside in a user termnal. In the
alternative, the processor and the storage nedi um may reside as

di screte conmponents in a user termnal. [0083]1n one or nore

exenpl ary designs, the functions described my be inplenmented in

har dwar e, software, firmwvare, or any conbination thereof.If

i npl emented in software, the functions nmay be stored on or
transmtted over as one or nore instructions or code on a
conput er -r eadabl e medi um Conput er-readabl e nedi a i ncl udes both
conmput er storage nedia and conmmuni cati on nedia including any nmedi um
that facilitates transfer of a conputer programfrom one place to



20 technol ogi es such as infrared, radio, and m crowave are included

in the definition of nmedium D sk andj;di sc, as used herein, includes
conpact disc (CD), laser disc, optical disc, digital versatile disc

( DVD) , THE 6ppyMB DK TNENG TG N aENTIOSCARB a5 FQRILORMSS:usual | y reproduce
data magnetically, while discs reproduce data optically with |asers.
Conbi nati ons of the above should al so be included within the scope of
conput er - r eadabl &n appdiates fqr @GS KsTemmuniestiooisclddisgri ption of the

di scl osure I

make or useét%eh gé’ Erg? gssohl&en?ﬂég%j ?oolﬁgxg%ge{e Qernceﬁél' é)!cﬁ"zﬁigfn ;sj{'gulfcglén%motn(?n a first
wi | | bime ingedval, yhedppracqaice being moddatsdbasdded therfirstheformatipn wrpgndriiea §sheri c
princi flne e i I I .
Gepar t TR EErsh RS BB Poffket SRR beig b IR b B bty B BEMers,
di scl osdrteuies: sewhd saqtumodéad excharpiglseavnd axfbrinatidntie a escamitingsin@nd!, the sécgmd
descri bed herei n but h I St ent
wth cieasesrs feteh Qe i dfrdfAEGPTER 0BG R RERERE RN
CLAI I\/BngEIEteNIsN@nG' HEduiatMEthm AREecA&i iﬁﬁi_d_m.equence being tent Ama sgopairsabsasof
for w trh SS; oqmwg,éam at| i ncl udi ng: at | east one processor
confi gu?@d’ 8 Vs Fr e sequence for exchanging first information
ina first immﬁonyrcbmmab;hetahleasibrreajrocsisqnuence bei ng nodul at ed based on
the first information to generate a first nodul ated sequence, the
first nodul ated sequence being sent on a first subset of a plurality
of subcarri®rs, Tﬁhmbpbmtusﬁf chairs ec@lradeusaqutelmeode(procaxmhamf pyedste genechte the
i nfor in th second quenc ein

cycli gP h?ef"fe"fﬁ "Yt% “ﬁaF’F ss!’t‘ﬁm%a I&aesﬁ?:e u%{'ﬁ%bya{e MRS :cllge ngrﬁ%ttﬁeesegog'gond

i nf or medgh@ne bycygtdady at:emgtme;mrselquafmtby asedndaguent Fereit fremakefintchmount.
nodul at ed sequence being sent on a second subset of the plurality of
subcarriers; and a nenory coupled to the at | east one processor.

2. The appas.at usThi appiratsdflclaimilewigdréin tha @asakedueas s a0DEZAT oesSsDamplBude
configured to %eterate the first sequence by cyclically shifting a
base s&GUAHREBASFIEP®anpunt, and to generate the second sequence
by cyclically shlftlng t he base sequence by a second anount different
the base sefuenci SPa g pRsHERTHIR AT el o5t B Rybsst WcRhbliea o
correl aénemte)thsﬁquemmmed sequence bésed'ﬁhdled'maﬁ‘qatﬂgs argifa fastymqopBti@diymyol for the
claim wherein.th |.east aon sSor cont r
R e T A e Tk R A T
nmodul atnoduiam;mbmbolffmrthet daeorfliinfertmatior, ar sead the first m@dlrlﬁewdseaieecetim the Siext omel
nDduIat nce sed second .s enc nd econd

Todul al TEXTGHEERER 08 S el AR PO BB Fre T r

nodul at ed sequence in the first time interval, and to send the second

modul at ed S%.quenq'ﬁe IaprE)a;[aRJs of cellaamqld w}ular(rarlg tl{enaE I%gs\{ ca)llw' 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.

0. 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, and to multiply each of K samples for the second '
sequence with the second modulation symbol to obtain a corresponding one of K symbols for the second

modulated sequence.



5. The apparatus of claim4, wherein the at | east one processor is
configured to send K synbols for the g2rst nodul ated sequence on K
consecutive subcarriers in the first tinme interval, and to send K
symbol s for7-t he Beeprurtyrodglain %W@@W&%@@Wﬁ“@'@@ﬁﬁ%&f@%“d to generate the

subcargens sdofnd ﬁﬁ:ﬁﬁa‘ﬁ&?%btols WRseti Bh BAIY @dknowledgement@ACKN G fé@RRAInAE L 1yOf
claimi4, erein | east one processor is configured to nmultiply

each oﬁxamoeéwbiyegdlqaw (@R infprmations atedind ek wpnd RO WEPEE8t nodul ati on
synbol to obtain a correspondi ng one of K synbols for the first

nmodul at ed sequence, and to multiply each of K sanples for the second
sequence wi%h t hEheappsEs QFamPraser i cEimhbEreinghes feaft 9N PIoess 108 B58FIBUFRG tO

one of rel:%lé\eytﬂpf?llstsméc@[atetdr%@qu%%%fﬁe RREUh AR 3 @SIHEIHE he sedehd modulated sefjuence
The apparatus of claim4, wherein the at | east one Frocessor

conf i guresckesasd gawdneava. tolserrsiats he ﬁﬁhm@é@mqu% %WS%%?%B‘F%‘O poaiadhe
on onl ¥ AaAAN.R qg@ R filsASH mleﬂfap EABh i SblatOthe QI2bdd HHORNEA|sedhble ivtith the
indicator (CQ) information, or both ACK and C%1 |nformat|on

8. Theseaprseauencs t@)ﬂbt@mW;ﬁ?“@ﬁ@ﬂlf%@a‘dﬂﬂéfmﬁmWﬁéﬂﬁéﬁ ingejgterypl | east one
processor is configured to receive the first nodul ated sequence in

the first tinme interval, to receive the second nodul ated sequence in
the second %i me Thetapparatls oftapy proeadisigataim.herel theat leslchnp Btoeasses dsraahgused to
with t "ERE MPRoREES of BiekRR
firor e A sERG kB A MRS o OESRERE N RS0 of BrkR

Wi th tbwhseinmm tiedgsidincantervalpwhead M is bree os gseing andtholMreaquendss Belding fetfing
second tl% i nterval . 9. The apparatus of any preceding

claim SSherein the at |east one processor is configured to receive
information sent simultaneously by Muser equipnments (UEs) using M
sequences of,dif ] t iRt 88 Y onfioured
where Mis e of Moiipy Bt i gRRidedd WML e Sle A plol el ot o
sequendgermine cyclic shif@ forTieefiratppd segondsegfencen aspd @l’cfelmpn'gg e#f@rlm wher ei n
the at | east one processor is configured to determ ne cyclic shifts
for the first and second sequences based on a hopping pattern.

11. The appat.at uFhoippamips pf @y evcehinacdlamnmyhepivthe sasondiafogpation i same as the first
mforma]i{)%t] same as the first information. 12. A net hod

for wireless conmunication, including: using a first sequence
for exchanging first |nformation inafirst time interval, the first
sequence bell?g nﬂdr’rfétﬂéd%r\pﬁﬂgsg %ﬁﬁ?&ngﬁ Esdudl gformatl on to generate a
first nodul ated Sequence f Ut ed sequence being sent on

a first subseing mﬁrsasepbqncafor exghapiging it énforinetias in a it time intervali gherfgstgequence -
second d r O fhdi BBdulated
ot or var ne faaaged Bl PR DRERRRAR L HEn TR By BpRGECIH o FBuace
sequen(semamtbﬁmdsﬁnaoredﬁdsa@é@tmmmwmeﬁmh@mmﬁ ermation to generate a
second nodul e SR G 1S econd
on a second ug'hg e‘fcg%%@%%e ff)l‘&c a%gﬂg H%gﬁaﬁﬁg?%sﬂég&g nf? t%ga ‘Sl'tﬁg eeon
met hod sociuecdeahemg a2yclipbldftofl me ﬁrseseusﬂnngartdh@dﬂiateé basedopube easorfdgpformation to
exchan [

ol it & Eeehd Aoy dBhoc Ry R\ RE Ak Bl 16 ol o Blony syt of
synbol thmlurtahleofsu’osatrrwrnf ormation, and sendl ng the first nodul at ed
sequence in the first tine interval, and wherein the using the second
sequence for exchangi ng the second information includes generating

the second niddul ekhechetodutrige Baskaeintheubiag e fohstqemquibneshangihg dhe first
second 1%9 %t%%u 1n§ﬂ1d§%% &Ltmg%eé%ino%ﬁﬁ@ggeqklmcg[}ﬁ% &notﬂe r Mq&ﬁ&dalneg f'H?e

second nD secon
modulation symbol for the first information, and sending the first modukated sequence in the first time

interval, and wherein the using the second sequence for exchanging the second information includes
generating the second modulated sequence based on the second sequence and a second modulation
symbol for the second information, and sending the second modulated sequence in the second time

interval,



23 14. The method of claim 12 or 13, wherein the second
information is sanme as the first info#hation. 15. The net hod
of claim 13, further .inclyding: .generati. the first

second noddffati orf® WWE Ptaﬂg'glgd’ r&h Wd‘ﬁieiﬂqg%ifﬁm ’@grgmea ﬁ%’h t S%%Cﬂi)mdﬁm

i nf or NRfbidtionor only channel quality indicator (CQ) informtion, or
both ACK and CQ information. 16. The nmet hod of any one of
clains 12 to 15, wherein the using the first sequence for exchanging
the first ipmfor Meeinthod BELINIEES, fupbériivduigngt he first nodul at ed sequence

inthe first time jnterval, and r.relati t he first nodul at
sequence wi SSACTRINS th Fré&angéﬁﬁ‘?éﬂ@@jc“fag%ﬁ@ﬁ%?ﬁg op pyly ?Clﬁ"ﬂ‘f'@a%eﬁgﬁcs[( nt
i Nt hejnfoihsifont dridRlyichemRENGblity dakaoh@Q@) Mfdrhgiod SordgthtAGK seicgidnfsegtience
for exchanging the second information includes receiving the second
nodul at ed sequence in the second tine interval, and correlating the

second nodujgat edTReHIRRGE aWi dnb of H1SimS eF NG, SRS e @sih@the ftshsequdnberfor
second information sent in the second ti i nter

A n ! al . , 17. The
7ot hodexshangig TSt TOIegPTSE 1des FeseiT B e FRLMapy ARt pegligin the frst time interval,

recei VijaQohdlhiigiRd fir@incufled it ck MM et shiiedde USHaiLOY FRNRIYrRatiddBe)t in
wi th M sequences of different cyclic shifts in the first tine

i nt er véiF firsiieg itarrdl.ang phergip theusing die secopdiseaprpeqfos sxrhiusrgdhe sreand forgration

the fi fn§lhde§%b@@fh%@lile second moddified SQuaRP AR $8ont Gine\MtErRAIESE correlating the second

comuni cat 1 on, 1 ncluding: ns f usi ng uence, for

di ng means for a first se
exchangpdiated sequenpayigh harsecoml seareacertp pRtpin thefgcond fnégripgiion sepjdn &F pegpnd time
sequengg-hgi ng nodul ated based on the first information to generate a
first nodul ated sequence, the first nodul ated sequence being sent on
a first subset of a plurality of subcarriers; and means for
using a secopnd SeQUERGS JrBhy SURBRMISNE 1S F ABMed ifiNFEL i on i n a second
time interval, the second sequence being a cyclic shift of the first
sequence antkceiviag inderadtionasseigingitangously by Mriger saripmeiis (L) Vith Yer@eatee oh
second dfmfégl cgfc KR Y B0 Gift il D it 08 AN M MU LE St AG IR MRV l@&jéa&&eésiﬂﬂhding
on a secon ubset of the plurality of subcarrrers. 19. The
appar athgdirgfequengem 18, wherein the means for using the first sequence
for exchanging the first information includes nmeans for generating
the first nodul ated sequence based on the first sequence and a first
nmodul ati on $§nbolAnfapparatyseior wiredess porpBymetipb inchdifg: means for sending
the first m%s%ﬁgin?%%@&%edcg £drla@enb ittt firktl i B rmb bR Ve rst iAW BE first

the means for using the second sequence for exchanging the second
i nf or magduense ibping maddaterbbased andhe Getiplorpatiap trgracrate & SrmAdRIsdeagnee, the first

sequenge, hase dthct BEnS KNG HEIURBGH 2 phhiRy SFRERAMADMM! at i on symbol
for the second 1 nformation, and neans for sendi ng the second

modul at ed s@paRsforusing asprond exptnge for geehpneingsgeand intorpation in a seconsyimeriggrval,
appar atﬂ#lzssewndgéc@!ztme 1810k cykfe sHRBF L Arst RGucRECARhokiihiod BRL ANthé csRME
as the tirst information. )

information to generate a second modulated sequence, the second modulated sequence being sent on a

second subset of the plurality of subcarriers.

19, The apparatus of claim 18, wherein the means for using the first sequence for exchanging
the first information includes means for generating the first modulated sequence based on the first
sequence and a first modulation symbol for the first information, and means for sending the first
modulated sequence in the first time interval, and wherein the means for using the second sequence for
exchanging the second information includes means for generating the second modulated sequence based
on the second sequence and a second modulation symbol for the second information, and means for

sending the second modulated sequence in the second time interval.



21. The apparatus of claim19, further including: means for
generating the first and second nodul & ion synbols based on only

know ed f
RO OSIENt e Shra R bR 2010 Qe Pl he SRR Glor B l'skmd TSR

appar ainfsgmafonany one of clalns 18 to 21 , wherein the neans for using
the first sequence for exchanging the first information includes
means for receiving the first nodul ated sequence in the first tinme
interval, and neetre&p;ﬁmmsmﬁmami m,ﬁmg;eztihceudimg* st nodul ated sequence with
the first se ue a e ti ent [
e | nt er AT Bhgetrunerh TEhedsesnd Pl ol SR s a3 honly ek ot
for ex@ltaqgﬁmgnambne osaﬂpﬂdnmdnﬁm:mahdlmmn(@@)urd‘emaneansbdtloACKecceCQl ng
t he sec?nd nDduIated sequence in the second tine interval, and means
for colf¥#{%ng the second nodul ated sequence with the second
sequence to obtain the second information sent in the second tine
i nterval . ar at-us. of c
further inctudi the B Ofaﬁ\'g%ﬂ?o Fams lggog%l}v’lwﬂ‘%mm %?]%f 05%&‘%{% fi
si mul t agesusioy exefiarlying sier firadufbfreot BclQddssjeans fbxhed\dh&mhneﬁrstesodefated sequence
di fferen clic, ShlftS int first ti in ar.
o eat o e ¥ b iTibas BT e e e FRem MR s G B4 it 2o
24. A gmgihiiedirdt eacahtien serdh tlmf'i‘smﬂheld'itdﬁgaliaﬁ&tvhuehlti&n&amd"fbc&s;ng\mﬂiﬂacond

hi ne, cause,the pachin rforn1o erati

execut ed
ol uataaente for Shane g Rt e Bt HEe M TRy ARG R Bpdvlaed
i nf or MedgLi@e inthedsebdnkd Simetinter®al] b ewidl for dobrelaffirigrthd seScfnd uwedclated eqdpce with the

nodul at ed pased on the first ormati on rate a first
ol St attas B oo hertorbd MIBRATRoEY L bE R R b ent on
first subset of a plurality of subcarriers; and using a

second sequence exchangi ng second i nf ion . ip a second tine

i nterval, %g &%ﬁ p?@ﬁﬁ@%@eg%E§ﬁg‘ 1@9%?{EﬁﬁﬁﬁTw"%?&the first
sequence anmeﬂﬁmuhaked@bﬂseﬂmemuhhenmemamdybmwummamu@memaagemehawe a
second nodul at ue ond, nod quence bei nt
o o S S BT P 4 P P oo M cone of gt ank the ¥

sequences including the first sequence.

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

using a first sequence for exchanging first information in a first time interval, the first sequence -
being modulated based on the first information to generate a first modulated sequence, the first modulated
sequence being sent on a first subset of a plurality of subcarriers; and

using a second sequence for exchanging second information in a second time interval, the second
sequence being a cyclic shift of the first sequence and modulated based on the second information to
generate a second modulated sequence, the second modulated sequence being sent on a second subset of

the plurality of subcarriers.



