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[ 0001] The present application clains priority to
provisional U S. Application Serial No. 60/828, 055,
entitled "A METHOD AND APPARATUS FOR P- SCH AND S- SCH
SEQUENCES FOR E-UTRA, " filed tober 3, 2007, assigned
to the assignee hereof and incorporated herein by
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[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] A wireless communication system may include any number of base stations
that can support communication for any number of user equipments (UEs). A UE (e.g.,
a cellular phone) may be within the coverage of zero, one, or multiple base stations at
any given moment. The UE may have just been powered on or may have lost coverage
and thus may not know which base stations can be received. The UE may perform cell
search to detect for base stations and to acquire timing and other information for the

detected base stations.
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fewer arithmetic operations than other types of PSC sequences.

[0008] In yet another aspect, a set of secondary synchronization code (SSC)
sequences may be generated based on a set of base sequences and different modulation
symbols of a modulation scheme. The base sequences may be CAZAC (constant
amplitude zero auto correlation) sequences, PN sequences, complementary sequences,
etc. Each base sequence may be modulated by each of M possible modulation symbols

for the modulation scheme to obtain M different SSC sequences. A UE may derive a
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communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (W-CDMA) and
Low Chip Rate (LCR). ¢dma2000 covers 1S-2000, 1S-95 and IS-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
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,
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docunents from an organi zati on named "3rd Generation
Partnership Project 2" (3GPP2). These various radio

t echnol ogi es and standards are known in the art.
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[0022] In system 100, Node Bs 110 may periodically transmit synchronization
signals to allow UEs 120 to detect for the Node Bs and to obtain information such as
timing, frequency offset, cell ID, etc. The synchronization signals may be generated
and transmitted in various manners. In one design that is described in detail below,
cach Node B periodically transmits a PSC signal and an SSC signal. The PSC signal
may be generated based on a PSC sequence and sent on a primary synchronization

channel (P-SCH). The SSC signal may be generated based on an SSC sequence and



may be generated based on a PSC sequence and sent on a

pri mary synchroni zati on channel (P-SCH). The SSC
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secondary synchroni zati on channel (S-SCH). PSC and SSC

may al so be referred to by other nanmes such as

primary and secondary synchroni zati on sequences.
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b. Obtain symbol timing and possibly frame timing for each detected cell, and

c. Estimate frequency offset and channel response for each detected cell; and

2. SSC detection stage -
a. ldentify each detected cell based on the SSC transmitted by the cell, and

b. Obtain frame timing if not provided by the PSC detection stage.

The UE may also obtain other information (e.g., cyclic prefix information, transmit
antenna information, etc.) based on the PSC and SSC.

[0026] Cell search may be relatively complex and may consume much battery
power for a handheld device. For the PSC detection stage, the symbol/frame timing

may be unknown, so the UE may correlate a received signal with a locally generated



antenna information, etc.) based on the PSC and SSC.
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the PSC detection stage, the synbol/frane timng nay
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with a locally generated WO 2008/ 042874

PCT/ US2007/ 080120 6 PSC sequence at different timng
hypot heses (or time offsets) in order to detect for
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the PSC and SSC detection by the UE. [0027] Low
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s@guence can provide zero auto-correlation, which is a
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er o ro au 0 corre ert
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response and reducing tim ng search tjme. Howev
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timng error at a receiver causes a corre
pdrasacly ampmatmg the charinek rcdporsi and lrechmngqunmglsen’ch time. However,

fre ffset in he fre enc domai n
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detected frequency offset at the receiver is

fimeqdemay er rorecquvadent tirequegcyeofiset at thd é‘rqqe@myvé@mam Thus,
}}Q&‘ueﬁ'é? gﬁsé RS Eear§orma Crear%%g be %Egtgriageld SRES & lwaotui(f) ot be known
whether a detected frequency offset at the receiver is due to a frequency error or a
timing error at the receiver. The Frank sequence has degraded partial correlation
performance. Partial correlation refers to correlation of a received signal with a portion
of a sequence instead of the entire sequence. Partial correlation may provide improved
detection performance over full correlation (which is correlation across the entire
sequence) when a large frequency offset is present at the receiver. Partial correlation
may be performed over a suitable time duration, which may be determined based on the

maximum expected frequency offset at the receiver. However, the auto-correlation peak

for the Frank sequence may be wide for partial correlation. For good performance, the



performance. Partial correlation refers to correlation
of a received signal with a portion of a sequence
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partial correbadivamoper f or mance. [0030] The Frank
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ran ce D >

for th% Sequence erent Frank sequences nay
e generated wth different val ues of 0031] T
5 cB0RRE Lo b e erth Bty B Bk otegidivbe | R Frank
Sequemset aly be?@'ﬁ&r’éied@ﬁtlﬁdlﬁfeﬂ:@ﬁdal@é&t&p@m rel ation
roperties. For exang!e, the constant anplitude
bncelheagonsenbamptitudn sequesraynay et 8squanGohayjng a constant
r u - - e :
SAPTLEE R ooy SERAERE R G TEOEBEE dbe gqpptant amplitade
Sjuayce sanecebmnd ahya SasjaeRepsned, oGl eshple@Bgtahs sequence, a
may. be %enerat d in a manner known in the art. An
maserenEeth MY ssueguantd BAUSRER: Ritfm (gt Aeqences and Golay
?ﬁg$lbﬁle%n§ﬁ§e@h%es g?ﬁﬁﬁer&ﬂ 1&hofs! Iﬁh}; b GeROAY DA™, Manner known in
ere L y be any I nteger val ue. "A constant
thprd. t NAeVISeqiuase & DPNI 2@inte 2E niBimixa 1edtiaizred fiidM generated
an M sequence of |length 2L -1 by adding either +1 or
based ot PGy g ROBEONY Y. tHiere thalayubhany dptesar Yaugquh|constant

Elr(rjlpfit%ﬁe sequence of length 2" may be obtained from an M-sequence of length 2" —1

by adding either +1 or —1 to the M-sequence so that the number of +1 is equal to the
number of —1. In general, the length of the constant amplitude sequence may be any
integer divisor of N?, so that the length of the Frank sequence is integer multiple times
the length of the constant amplitude sequence.

[0032] In one design, a constant amplitude sequence of length N is repeated N times

to obtain a repeated constant amplitude sequence of length N as follows:

c(n)=[eg(n) ¢ (n) ... e (W], Eq (2)



nunber of -1. In general, the |length of the constant
anpl i tude sequence nmay be any integer divisor of N2,
wa@ooosloaxs74 he | engt h of the Frank sequence is i PCEYS2007/080120

multiple tinmes the length of the constant anplitude
sequence. [0032] In one design, a constant anplitude
sequence of length Nis repeaged Ntinmes to obtain a
repeat ed constant anplitude s€guence of |ength N2, as
follows: c(n) _ [co (n) cl (n) ... cN1(n)] , Eq (2)

2008/ 042874 PCT/ US2007/080120 8 where ci(n)_.is the
?fv??rﬁ €4BY 'ofihe At comsphite sonstant amplisilgusawaices B li:&r--’N_l’
0,..., N-1, with co (n) =cl (n) ... =.ci(n) _ ...
=c,_1 (n) W}theﬁqg?)ﬁﬁ?”)i:s,"'t:tfe(C”r)Epeﬁtcéd(’?:)oﬁE ant
anmpl i tude. sequence, of ] ength. N2 0033]., The PSC
Seuefa iy AR Sny b AL e e S Ny
f(nyc(n) , for n=0,...,N2-1, Eq(3) where p(n) is the
633k e quidiedts (osequenrgimmyNbien popaufatethasoielowsanpl e
desi gn, a PSC sequence of length 64 may be generated
by nmultjplyi Frank sequence pof ngth 64 with a
repeaﬁgﬁjééﬁgﬁgﬁf anplitug) se&dﬁﬂce d%ﬁlength 64. Eq(3)
The repeated constant anplitude sequence may be
ghtal pef i?nlerlﬁsf@eéqh&%e el RA9 Gl @y conpl enentary
seque 1, 1, 1,"-1, 1, I, -1, 1} eight tines.
[(033p] Thenpraemple ddsighhe PYE b@ender dMknG B PIEREE bapdnerated by
the N2-1ong repeated constant anplitude sequence,.
(ry_ltg)_lymgé aank wQuepEe f ﬂ@}g@h o4 withs rspeades ms@ﬁ‘gamphtude sequence
GEREEANS, T IRHAT SAEMERRNL fIB8E may be gbtained by repeating
e RleigGolan camglcarratagy seanideniing, Ret fiorEnde cighhémes.
r epeat ed const ant ?gﬁlityde sequence nmay SUppress

HI! - pakthe Piadarts oF dhe &Y Ik chraayseasicr | #id Bt & long repeated
LOREAY SiRAtudel RoRRCE Bl SRAESIANHON REEARSIAACE: NIGhE constant

timng and frequency o t corr an accurate
ainphtudé esuemet evifld umoto atitvecdDABAGN ppogpertyy why t eprove partial

Frank.sequence) may be. obtai ned by renoving the PSC .
e Ty FBRE WP 0655 T eRaRHeronsiant. amplitude
axResde may S&pr&k nRIE-REIHERIEESIRBYWIRE B/Nes ARt Re$8Frovement
on conplenentary sequences havi ng good "aperi odic

gopareikiacereriatmmopesfarmagcandh st ftirgingrand firegicnsre affeati eomvsction, an
'a?‘cc%?alté cl?%lnglge%kl%gee{ggg rtéé _Ilhsee@X%g&f ﬁro?er?y g% %eg‘%gralgﬁeequglcg) may be

expresse
pbAinBd by rem&Nhd the PSC sequence, as described below.

[0036] In another aspect, a set of PSC sequences may be generated based on
complementary sequences having good aperiodic correlation properties and efficient

implementations. A pair of complementary sequences A and B may be expressed as:
A=[a, a, ... ay,] , and Eq (4)

B=[b, b ... by,],

where a, and b, are the n-th element of complementary sequences A and B, respectively.

[0037] An aperiodic auto-correlation function R,(k) for sequence A and an

aperiodic auto-correlation function R, (k) for sequence B may be expressed as:



where an and bn are the n-th el enment of conplenentary
sequences A and B, respectively. [0037] An aperiodic

w@ea0s/0esr4 el ati on function R 4(k) for sequencRCHUS2907/080120

an aperiodic auto-correlation function RB (k) for
sequence B may be expressed as: WD 2008/ 042874

PCT/ US2007/ 080120 9 N-k-1 N-5 1 R 4(k) lan ' an+k
and RB(k) _ | bn bn+k , k ..., N-1. Eq (5) n=0
n=0 [ 0038] For conpl enentary sequences A and B, the
sum of the| caperiodic correlatjon functions is zero

for ald( 008 exse(ﬁ Rac%egbd%' ay, %&M howp: 2N Eq (5)
k=1, N—l [0039] PSC sequences nay be generated
based on various types of conplenentary sequences

KW0SR] as Fios| egmplemphiene neaiopceeduetide B, (thespum of their aperiodic

E%‘Fglﬁfo%%ﬁ ongi?_Jt Mo 1GUMHSHBAL avgtsﬁ &g)n&e? I,asef tlows:

enen ary sequences
correlatlon properties as shown in equations (5) and

(6). Furthernore, for (Nafyr Gal,ay conpl enentary
sequemﬁk;:dLUDen@Kk)N{ a CGCS correlator may be Eq (6)
efficiently inplenentdd usdmg=dnl.yN21092 (N) conpl ex
addi tions, as described bel ow. [0040] Col ay
conglenentary sequences of different |engths may be

I at dBG prquorach sury bragnerased esed peoprienypesel Gagplementary

5%11‘{)1? SSel ch9ge63l n%o&boi‘lﬁgl% Pe h ﬁceﬁlf (.g@éd)gyhleragchdcal Golay

ary sequ nces sCri
bymemeetaryd sdquegek,agtc.i moaa}panﬂplemefﬂ@tyt $e@dences have good aperiodic
" Conpl ementary Series," |IRE Trans. orm Theor
FOFT Loy opertieEs, ShRWAR Aot (é;)awnfié&meeavore {6r binary Golay

r | gngt h
ARLATERErRbeTe o S0l DGR TRIVRRR Byttt

ﬁﬁpi,ume@tes uSlflg belyg? legNW tdmplox hiditiotia dadac dbadbalow.
0041] PSC sequences may be generated based on
| eméonlay yomplpnenties susnees & dififerent ilongghsnman desgenerated in

I ?rlcr%g el’n%?lﬁl%ll‘sg NA dllreéJ acloglstglfhcélrggtcnégﬁéﬂ; ?c??ﬁeerslergts 1%1 E,@%ien?%%s'_ of Golay
&)mplaﬁh@ntﬁﬁy {eﬁhenc@ﬁ@?an-y Brigth.N is described by Marcel J.E. Golay in a paper
entitled “Complementary Series,” IRE Trans. Inform. Theory, IT-7:82-87, 1961. N
different pairs of Golay complementary sequences of length N may also be obtained by
multiplying a pair of Golay complementary sequences of length N with an NxN
Hadamard matrix.

[0041] PSC sequences may be generated based on complementary sequences A and

B in various manners. In one design, a pair of PSC sequences PSC; and PSC, of length

2N may be generated as follows:

PSC,=A+B, and Eq (7)
PSC,=B+A .
[0042] In the design shown in equation (7), PSC,; is generated by concatenating

complementary sequence A with complementary sequence B, and PSC, is generated by

concatenating complementary sequence B with complementary sequence A. For



[0042] In the design shown in equation (7), PSCl is
generated by concatenating conplenentary sequence A
WOwRak/0¢3mpl ement ary sequence B, and PSC2 i s geP€Tr/asmd7/080120

by concatenating conplenentary sequence B with
conpl enmentary sequence A. For WO 2008/ 042874
PCT/ US2007/ 080120 10 exanpl e,, PSC sequences of |ength
64 may be generated by concatg%ating conpl ement ary
sequences A and B of length 32. [0043] I n anot her
desi air of PSC.s nces of length N be .

ot B esapdioen st *RoeE DA i biqe el congatenating
L8R Inchiaryt RQuélRel Arhnaipmehgthegu ation (8), PSC

uences of length 64 may be generated based on

Elﬁaé] emdntaaethcséepignne @3ir AT RSE BauénceeafichgBaN niyebagmerated as
9 1Ionger conpl enentary sequences A and B for the PSC
ﬁhf Peduce detection conpl exity. The |onger 64-1ength
conpl enment ary sequences nmay al so have | ower side |obe
| evel pStae A heand32-1 ength conpl ementary sequences used Eq(8)
for the design shown in equation (7). [0045] O her PSC
seque%%ge_m%y al so be generated, e.g., PSClL =A+ A and
PSC2 = + B.” In any case, for PSC sequences gener ated
based on Golay conplenentary sequences A and B, a GCS
rpae! atirh fRYsiBe skhih G %&ﬁa{tbbn' (P! BYEREARNcYof length 64 may be
exploiting the properties of the Golay conplementary
g@@a@ﬂtb@ed 0 @4BiplcRaBtarg sevonsesah died Bof lofgtla 66CThe use of longer

tor 300 that f i dj :

P PSR B RS R Do Bl e Mra@ioh Cofplein. The

Qﬁ&m le@btc@mpifentdri gb4dESesIHLALd BAS loWbei& Bb& level than the
e (N) and Nis the length of the Col ay

é geeamplPyCNtaHGaIRIESss USO nforethed?ﬁlel she“aa ig eqetond s

L 55 6 SR 00 o) SaSAPLITRAR Y o
e 0 SHPLES ) s SR R o

E@fﬁ Efn%nt@?me ﬁ@ﬂce@@g amP Bl a(GQ'S TcbRBlatoh enr bOERRAHY GMplemented
and provi partial correlation results as (n) and B

bmxnleltmg éhmmperget@ﬁ they Goltyecompdemengasy sSE@1enSspr ovi des

@fbﬁkfl atl"l?i1 3 %%{)Jvls e'so‘l n) of %\@C?g%)relat%r 3&9 tha}/n}a?; be[ua%ch'sﬂ perform

ement ary sequenc respec
ﬁ&ﬁiﬂg 86:€¢1htddh fdﬂ@@dﬁﬁo@pl@ﬂeﬁmrwmqheﬁ%a A andBl t GERI ®krelator 300

324, and summers 32

includes S sections, where S =log,(N) and N is the length of the Golay complementary
sequences. For example, S=35 sections may be used for correlation of Golay
complementary sequences of length N =32.

[0047] The first section receives input samples 7(n). Each subsequent section s, for

s =2,...,S, receives partial correlation results a_ (n) and b_,(n) from the prior section
and provides partial correlation results a (n) and b (n) to the next section. The last

section S provides correlation results A(n) and B(n) for Golay complementary sequences
A and B, respectively.
[0048] Each section includes a delay unit 322, a multiplier 324, and summers 326

and 328. For section s, delay unit 322 receives a, ,(n) from prior section s—1 and
provides a delay of Dy samples. Multiplier 324 receives b, ,(n) from prior section s —1

and multiplies b, ,(n) with weight W, . Summer 326 sums the outputs of delay unit



and 328. For section s, delay unit 322 receives as_,
(n) fromprior section s -1 and provides a del ay of
wosamsres. Ml tiplier 324 receives b, -, (n) fPOMURII0TO80120

section s -1 and multiplies b,-,(n) with weight W-
Summer 326 suns the outputs of delay unit WO

2008/ 042874 PCT/ US2007/080120,, 11 322 and mul tiplier

324 and provides as (n) to t hk! next section. Summer

328 subtracts the output of nultiplier 324 fromthe

3@5”@@3&?@%' %{)-(‘bea@%r%%é s g(wp I?%g?t %%Eﬁl@y 8@%& 328 subtracts
S
B R of ST S PAT Y SR B HC O S pigyides 5.(n) to the

Summer 326 in the last section S

B?gg?%%é(tﬁe correlation result A(n) for the

pomup el atA@a B infthe dMafR$IN recaids, tHeNRsttses@siPs §somdidstone pair of
Gol ay conpl enentary sequence A Summer 328 in the | ast

e@ealptem resﬂ;sréﬁno @ad A(nkfameele innut @wnplésnﬁm)t %ernanef 826 in the last

5&?819 %o#;r% ?'r{pl‘l ggrrel 1on'\lregml’? A gnr? @g % e %\? Bllost recent

enentary sequ

tﬂpuosegﬁpl&swam d}dl\ﬁj ptysleMéntayr sélqgéhc\é\&f Sﬁrnh{ée 3& in the last section
sectlons may be  determ ned based on the specific
Earayides sl @F&H%t@pyregéa Gencts the spaciatian péélieeal fgpt recent input

Hﬁ@%eéauﬁﬁﬁﬂ gﬁﬁg%gﬁg%céﬁrough DS for the S

I ons may b for the first
HOS0] on RalalysOS thr@@l_ﬂDg’ ardl Wwapghtsaththsaigd gy tntthsBctdtmns may be

frsdrog @S{@ag{ﬁhweﬁ%s Gl PRy b trgReen eyt & Slected for
EUERAE ey ALEE B (8D, Ry DS QU B GEh that D, N2

I fferent A W8 may

ﬂirﬁﬁ@ﬁ%‘ﬂ%e&@h%ﬁd% Op) ay? Wcﬁ%ﬁbﬁeq{léﬁt [EA1HEN Qﬁ&gﬂtsaﬂﬂthrough
[0051] An out put séction includes delay units

W}Cfms% PRdtiSHMBY S 3kt @ad, 2381, Del Ay bidiry Go?a%rzccﬁ‘ﬁﬂementary
334 delay correlation results A(n) and B(n)

seppeeti Deffstentaeld\s l:‘slammlugh PR Rhds difSwnrerci OS5 tirdugh Ws may
the caorrelation result A(n) fromsumrer 326 with a

bepssddar ¢iffereat prirgd Gaaurenpemenipos segnsnget aypndi-t 334
Eﬁ%l]orSOVAtg %ﬁté)gtg fdcash i ﬂﬁ&e@l&id its! B9Ul 4 %ﬂr fHierd 336 and

unrer suns the corrélation resu B(n rom
émmﬁelay 2B Y2 atndeB delchyedrrchrioe katitod (rr) @sdB(n)Alespddiively, by N

del.a it and 9) OVId s.a fi orrelatio
HSTr o oo TR end dea G SBie Ta6 with o
gabALd éUl‘reQaHon r@gﬁ B N?lfﬁ;n‘? 'Eiel%g Qa3 4R&ITRbMes a final correlation
correlation for eac ha of the PSC to obtain partia

oonlt ébaPSOn=rles B .t Sudpmey 338cuBhe torelatidratesPS@(Mafrbm summer

Since weights W through Ws are +1 or -1, the
35t matha d%weéidwﬁqe@lppyequgt A(n-N) from delay unit 332 and provides a final

correlation result for PSC, =B+ A.

[0052] For the design shown in equation (7), GCS correlator 300 can perform
correlation for each half of the PSC to obtain partial correlation results A(n) and B(n) for
that PSC half. Since weights #,; through Wy are +1 or —1, the correlation complexity is
determined by the number of complex additions/subtractions. For each half of the PSC
with N =32, GCS correlator 300 can perform correlation for both complementary

sequences A and B with only 2log, (32)=10 complex additions. Two partial

correlation results A(n) and B(n) may be obtained for the later half of the PSC for a



determ ned by the nunber of conpl ex

addi ti ons/subtractions. For each half of the PSC wth
wWO20088228743CS correl ator 300 can perform corr el BET/OR200T080120

bot h conpl enentary sequences A and B with only 21092

(32) = 10 conplex additions. Two partial correlation

results A(n) and B(n) may be tained for the |ater

hal f of the PSC for a WD 2008/9042874 PCT/ US2007/ 080120

12 given timng hypothesis n. Two partial correl ation

BT (VRO e | BETTH PHE G e NG iy igt fasNy may be

bitaied F6r Ha®RiRr hMELF & PSC Y BBdamt Ghekl h diﬁés@sym prior sample
units 332 and 334. One nore addition may t be

peiddorned dngd womden dgl3p unis 3okbnd834. hé)rtevmoqgaadtdltmn may then be

correl ation res tain the
PeRael b P ori e Shitping e Bipdhinl el Boifoam and 5
% bbRmh MRYIMAE coPQhdar FBdt Rt BYOTEN 388 bRe aRIPhMEton may be
the two partial correlation results B(n) and A(n- N)
pﬁrf(ﬁbiedlby suhendri 3381to comb@leaht oxmo pasidl torfadatiodSERules Anirand A(n—

0053] . For the design shown in equatlon (7),
bléﬁq ?'%tﬁmdm fiagl gorrelatipmiesplé [5eP$or 7B Af or each hal f of

[ ccdiob bt WS’ Sbprasane OB’ bETHEERYRiongmey B performea

B QUEIS halF entHES (e srRISUEES Mk NEgd HBqUeRsH bEfSetQk tHh@ceiver. The
partial correlation. For each tim ng hypothesis, the

mmplp&uty fasropatisatiming pesisition mew be seduseduting the reyuHe of ke partial
correla?t op. ri*ac%f et'/l%l f S?n%,l%yo ﬁ!e(s;(s),r ! elpa]itilng cﬂélrlrregegﬂ (Ijlltrgsal}alltessar%ar sequences

A+t) Mxﬁsmﬂk cind trh@n bt higed td Iehﬁmtaltee bl cuanﬂlaateg eqfuﬁs n&esple, if the
A+B and A+B may be ski pped. The sane detect

PEE AP IR OREGS IS 60 belohiseihreshild fen tae§1ﬂlb ﬁorasfflatmmfoaﬁequences
R Prer Bt el 18 Rk i A R (LR mp 26158 BE Bycd for the

éssigmait &+ AnedBeicy of fset. A phase offset 8(n) may be

GUSHET the. RSB PR B SR IR b OBSCER copten vtucs
%d"}na be UsB td &)tlrnat% Requdily offs&9 A PRAse JRRE (1) rnay be estimated

denot & a conpl ex conjugate Equation (9a) nay be used

biscdob thspateileotedtion anditgauaslioon: (9b) may be used if
B+A is detected. [0055] A frequency offset estimte
may be derived based on the phase offset estinmate, as

f ol | oWén) = £d#f @et Bay—N)B(®8y , Eq (10) Eq (9a)
O(n)=Z[B"(n)- A(n—N)] , Eq (9b)
where “*” denotes a complex conjugate. Equation (9a) may be used if A+B is detected,

and equation (9b) may be used if B+A is detected.
[0055] A frequency offset estimate may be derived based on the phase offset

estimate, as follows:

o(n)

GCS

f;:ﬁ‘sez(n) = Eq (10)

where Tgcs is the duration of the Golay complementary sequences, in units of seconds.



TGCS where TGCS is the duration of the Gol ay

conpl enentary sequences, in units of seconds. WO
wQo@8/:s2874 PCT/ US2007/ 080120 13 [0056] The PET/88100T080120

conpl exity of PSC sequences A+B and B+A are

essentially the sane. One information bit may be

conveyed by transmtting eithg A+B or B+A. For

exanple, A+B may be transmitted to convey a bit val ue

of "1', and B+A nay be transmtted to convey a bit

1
I of V.  The informatio |t may indjcate e, of .
r@gg]ep _osstfeb(Fe ec. E|Ologllpg$(étp]i(§ l%e(f,] é?%én%ﬁs i a@s%@ are essentially
Heh@mel NORS FBSinQRion it Rat W8 BRV & ed Y cdidnk@REng BRAG A+B or B+A.
hypot heses A+B and B+A may be tésted, and the

Forf examytlé, ol Binaynesy triesmitted &v eerevgy far winvalhe ofvi' hniang B+A may be
ot.hesis. |f the PSC is. tragsmtted.nultiple tines
IREAREL conb e 1 OF o RN RO bl Bl of evo

paithe cooliy @ydTk hothsams Makt tdigey dithdref@dimation. With two more
conmbi nati ons of PSC sequences in one radio frame.

pdsbisans, pRth hypetheres g &1d IbSE masRrdiated and diriinforapbom bit may be
o OB ) PGSR RS by TR, ATYRHE s i

raglyo fienter alisimirioke thanwbie irforn@n@nr Bidintayf barenveked by transmitting
followed pby B may be transmfted to _convey a bit
élﬁeﬁﬁéﬁ B?mglilat}o%rﬂf P%Cr %ﬂvmﬁmtﬁpe/z@ﬁaﬁas@- transnitted

59PNV 8% &h i desihal 31epsef scucddBe A RHE BBHLLRA i tt:qnlﬂﬁbfn (8), one
al so be enbeddedtor the design wth PSC = C+A and
trfiernfagCn thitamsb¢ ted epet by tansmito ¢ithepAeorf B alfer ea@088]the PSC

It can be sh .that N |0 l.differe airs of .

ey &5 e BReRve § oborBnibSu plivged O al i rimited to
Q&ﬁ@fr atech el ofd 1 giaM@ B Wllowbd 8P Bay be @hndadiktad to convey a bit value
conpl enentary sequences is used for all cells, then

ohild. Cos ipfgrmatinnbibmay alsedrcannicddechipy éhq dosignowitis PE = C+A and
vel .in riodic.auto-correl ations, or | ow RA
HRIAG B Rmitg SRS bk Rl i PEERLT &) 2 TS o

f00S8E- Cat tgl 8¢ isRaw i elateR Nlok NN i Wil fieRin YaieP 8P GRMENdoiplementary
sequences, and (iii) low variation in frequency

seempores eofi fengthd®r ntay pe qyendetegofd a clieem@N. ekt omeapeir of Golay
erformance. [0059]. Multipl irs of . .
E%ﬂ%lﬁ@ﬁ%ﬁ%fyaﬁﬂ[u%faa shied ﬁ?ﬁﬁﬁaﬂgﬁﬁ Ben ﬂgggf@%palg Brer bt lected to
TR IR FAPROSER) Sy iy Rl o AN ) o
used..{ W -geneinat®y f edks-Evkel 8RMUBBGREN RBELtwd MG6leg hcomplementary

PSC4, as follows: PSCL = Al + B , Eq (11)

sequences, and (ii1) low variation in frequency response in order to provide good
channel estimate performance.

[0059] Multiple pairs of Golay complementary sequences may also be used to
generate more PSC sequences. For example, two pairs of Golay complementary
sequences (A, By) and (A,, B;) may be used to generate four PSC sequences PSC,

through PSC,, as follows:
PSC,=A, +B,, Eq(11)
PSC,=A,+B, ,

PSC, =B, +A, , and



PSC2 =A2+ B2 PSC3 = B1 + Al , and WD 2008/ 042874
PCT/ US2007/ 080120 14 PSC4 =B2+ A2 [0060] Wth four
we30ssesaences, the cells in the system may bePCT/US2007/080120
partitioned into four groups 1 through 4, with each
cell belonging in only one group. Goups 1 through 4
may be associated with PSCl t@Lough PS4,
respectively. The cells in ea group nmay use the PSC
sequence for that group. Detection conplexity may be
reducg%ﬁf reysing partial correlation results to
deriv «maP> €erel ation results for different PSCs.
For exanple, the parti al correlatlon result A (n) for

G SRS Ay OB 0y o

fbrl].ll‘ (gl’ou-p|s N)th]fcmgh 4G®'htﬁ)|§ggcml lﬁt@{gu@%’ in @tyuen lgmuﬁ\lh Cfrolli]?sl 1 through
t

b 6 BaspE oSt RShe GhioHy Rkt lfers'mgce%?l%ﬁ the gally 15 cach group

fﬁfg?fdts 'tl?enI’S@ ncffolPRbt 8RN % Eerﬁﬁéct X olkﬂgpl&gif}eﬁl% &d reduced by

ese groups. Partiti I nt
mubihgplaeia couplatiomyesalts m/vdarl\tdEﬁmai: odH‘ﬁ]aﬁen acsirtis dor different PSCs.
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[0063] For all of PSC sequences described above, multiple PSC sequences may be

transmitted in one radio frame and may be non-uniformly placed in the radio frame. For
example, one PSC sequence may be transmitted at or near the start of a 10-ms radio
frame, and another PSC sequence may be transmitted approximately 4.5 ms from the
start of the radio frame. In this case, a UE may perform parallel pattern searching and
may search all possible combinations of non-uniformly spaced patterns and choose the
best candidate for each hypothesis.

[0064] The SSC may be used to convey cell ID and/or other information. A large
set of SSC sequences may be defined, and neighboring cells may be assigned different
SSC sequences that may be used to distinguish these cells. For example, a large set of

orthogonal or pseudo-orthogonal sequences may be used for the SSC sequences. These
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sequences.
1/M since the number of base sequences is 1/M times the number of SSC sequences.

Alternatively, a larger set of SSC sequences may be supported for a given detection
complexity. In any case, after detecting a particular base sequence from the correlation
with different possible base sequences, coherent detection may be performed for the
detected base sequence with the channel estimate derived from the PSC to determine
which one of the M possible SSC sequences was sent. This coherent detection or

modulated-phase identification may be performed with minimal additional operations.
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the Multipeasdinadatagion BymRpls4ariapddirsyodhls4g@t provide ck otigiuh symbol
sdt?eséin%nt%’T Eéns'\r/lni'%{%)rs (TMTR) 422a through 422t. In certain designs, TX MIMO
processor 420 may apply beamforming weights to the modulation symbols to spatially
steer these symbols. Each transmitter 422 may process a respective output symbol
stream, e.g., for orthogonal frequency division multiplexing (OFDM), to obtain an
output chip stream. FEach transmitter 422 may further process (e.g., convert to analog,
amplify, filter, and upconvert) the output chip stream to obtain a downlink signal. T
downlink signals from transmitters 422a through 422t may be transmitted via T
antennas 424a through 424t, respectively.

[0071] At UE 120, antennas 452a through 452r may receive the downlink signals

from Node B 110 and provide received signals to receivers (RCVR) 454a through 454r,
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BaNP! 8FitHAN P Hod ipestcskl a¢4 adodNefieorBI 0aRAerbRERIPSC signal based on
one of the techniques described herein. A generator 520 generates an SSC signal as
described below. A data processor 530 processes traffic data and provides modulation
symbols for data. A signaling processor 540 processes signaling and provides
modulation symbols for signaling. A combiner 550 receives and combines the outputs
of generators 510 and 520 and processors 530 and 540 using code division multiplexing
(CDM), time division multiplexing (TDM), frequency division multiplexing (FDM),
OFDM, and/or some other multiplexing scheme. For example, the PSC and SSC
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510b, a generator 620 generates Golay complementary sequences A and B of length N.
A unit 622 may concatenate the complementary sequences A and B as A+B, B+A,
A+A, or B+B. Alternatively, unit 622 may simply provide one of the complementary
sequences A and B. A signal generator 624 generates a PSC signal based on the PSC
sequence, as described above for FIG. 6A.

[0078] FIG. 6C shows a block diagram of a design of SSC signal generator 520 in
FIG. 5. A cell ID and/or other information may be provided to a generator 630 and a
selector 632. Generator 630 may select or generate a base sequence based on the

received information, and selector 632 may select a modulation symbol based on the
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e.g., N%/2. For a PSC sequence generated based on Golay complementary sequences,
partial PSC correlator 712 may be implemented with GCS correlator 300 in FIG. 3 and
may provide correlation results for the two halves of the PSC sequence for the timing
hypothesis being evaluated. An accumulator 714 non-coherently accumulates the
partial correlation results for all PSC segments and provides a final correlation result for
the timing hypothesis. A peak detector 716 determines whether or not a PSC sequence
has been detected for the timing hypothesis, e.g., by comparing the final correlation
result against a threshold. If a PSC is detected, then detector 716 provides an indication

of a detected PSC and its symbol timing.



partial correlation results for the PSC segnents for
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repeated constant anplitude sequence, the partia
correlation result for one PSC segnent of |ength N
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channel estimation and coherent detection may be performed in the frequency-domain

—

(as shown in FIG. 7) or in the time domain.

[0084] FIG. 8 shows a design of a process 800 for generating a PSC signal. Process
800 may be performed by a Node B or some other transmitter. The Node B may obtain
a PSC sequence generated based on a Frank sequence and a repeated constant amplitude
sequence obtained by repeating a constant amplitude sequence multiple times (block
812). The constant amplitude sequence may be based on a Golay sequence, an M-

sequence, a PN sequence, etc. In one design, the repeated constant amplitude sequence



correlates the detected synbols with each of the

candi dat e base sequences (after DFT) and provides a
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AR ok ey e R R Fordlept S8R Fuifpd7 OB may non-
toH¥eer@ig R imulate partial correlation results for the multiple segments of the PSC
sequence to obtain a full correlation result. The UE may then detect for the PSC
sequence in the received signal based on the full correlation result.

[0088] The UE may obtain first and second partial correlation results for first and
second parts (e.g., halves) of the PSC sequence and may estimate frequency offset based
on these partial correlation results. The UE may derive a channel estimate based on the

received signal and the PSC sequence (block 1016). The UE may detect for an SSC

sequence in the received signal based on the channel estimate (block 1018).



sanples. [0086] FIG 9 shows a design of an apparatus
900 for generating a PSC signal. Apparatus 900

w0 p@B0ds34 means for obtaining a PSC sequence gereiEDS108T080120
based on a Frank sequence and a repeated const ant
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gﬁme ithegPSC seamak bpappanplg 4 addicsmatiene ehanzdquenieeof time-domain
ngﬁs (rmodul e 1112), means for correlating a received

& with the PSC sequence to detect for cells
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sequences gencrated based on” at” least one pair of cornplernentary sequences
(module 1312), and means for generating a PSC signal based on the PSC sequence
(module 1314).
[0093] FIG. 14 shows a design of a process 1400 for detecting for a PSC signal.
Process 1400 may be performed by a UE or some other receiver. The UE may obtain a
PSC sequence from among multiple PSC sequences generated based on at least one pair
of complementary sequences (block 1412). The UE may correlate a received signal
with the PSC sequence to detect for cells (block 1414). The at least one pair of

complementary sequences may comprise complementary sequences A and B, and the

multiple PSC sequences may comprise a first PSC sequence A+B and a second PSC



channel estimate (nodule 1118). [0090] FIG 12 shows a
design of a process 1200 for generating a PSC signal.

wee@sm$874200 may be perforned by a Node B or BOIES2007/080120

other transmtter. The Node B nay obtain a PSC
sequence from anong nmultiple PSC sequences gener ated
based on at |east one pair of, conpl enentary
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Bir a2l (inbeéule msIM) pheanPEE GeRUeNs eBaIﬁiayeSI@ﬂfa’ﬂef bs€dan the received
fi rst PSC sequence A+B and a second PSC W) 2008/ 042874
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B may obtain an SSC sequence generated based on a base sequence and a modulation
symbol from a modulation scheme (block 1614). The SSC sequence may be generated
by multiplying each element of the base sequence with a complex value for the
modulation symbol. The base sequence and the modulation symbol may be selected
based on a cell ID and/or other information.

[0097] The Node B may generate an SSC signal based on the SSC sequence, e.g., in
the time domain or frequency domain as described above (block 1616). The Node B
may transmit the SSC signal next to the PSC signal (block 1618).

[0098] FIG. 17 shows a design of an apparatus 1700 for generating PSC and SSC
signals. Apparatus 1700 includes means for generating a PSC signal based on a PSC

sequence (module 1712), means for obtaining an SSC sequence generated based on a



The UE may detect for the first and second PSC

sequences in the received signal based on the first,
w@ewsies74 hird and fourth correlation results.P¢D0S2p7/080120

The UE may derive a frequency offset estinmate based on

the first and four correlation results or the second

and third correlation results,, The UE may derive a

channel estimate based on the’}eceived signal and the
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dtaeryq base sequence and the detected modulation symbol (block 1820).

[00101] FIG. 19 shows a design of an apparatus 1900 for detecting for PSC and SSC

"')

ﬂ

signals. Apparatus 1900 includes means for detecting for a PSC sequence transmitted
by a cell (module 1912), means for correlating a received signal with a set of base
sequences to detect for a base sequence transmitted by the cell (module 1914), means
for detecting for a modulation symbol transmitted in the detected base sequence
(module 1916), means for detecting for an SSC sequence transmitted by the cell based
on the detected base sequence and the detected modulation symbol (module 1918), and
means for determining a cell ID and/or other information based on the detected base

sequence and the detected modulation symbol (module 1920).



nmeans for generating an SSC signal based on the SSC
sequence (nodule 1716), and neans for transmtting

wo b@sB888746i gnal next to the PSC signal (nodul erdi7ii8007/080120

[0099] FIG 18 shows a design of a process 1800 for
detecting for PSC and SSC signals. Process 1800 nay
be perfornmed by a UE or sone her receiver. The UE
may detect for a PSC sequen transmitted by a cell
(bl ock 1812). The UE may correlate a received signal
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device, discrete gate or transistor logic, discrete hardware components, or any

combination thercof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more

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



25 [00102] The nodules in FIGS. 9, 11, 13, 15, 17 and

19 may conprise processors, electronics devices,
whaorodinaases devi ces, el ectronics conponents, | ogPCHIS2007/080120

circuits, nenories, etc., or any conbination thereof.
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dmdfﬁdemn@nmnsnsausxnﬂmnwmposed on the overall system

d.art b
RO OB PE ambny yi Y coqetsise 466 “hHHRRS fegeribed may be
ARFlbineRbd O, hRkwaSdiCBoft 48] eiBMadd,i 8N MOCcshPmatiGhanédof. If
not be interpreted as causing a departure fromthe

g@ﬁigee@tﬁd ith eofprfegetht: fencsions sy dc f@od o8Jor Ttrﬁresmlétreri @uer as one or
oreu§ns rué iov Oc%dg on a.blcoo ust l’é)llee%fed nd éorn L Iséadable media
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escri connectlon e dISC osure ere

ejudeebothpbaipart edrae nielid aid@mmitibatongeadi ﬁiciudmg any medium
Eﬁrpose processor, a digital signal processor
t Fshftrien el plot cPmpuieh PEgFat é@m &n¢ plice @ Aerte?r storage
t
e OORTVAR e W Bl O e by 31Sfral purpose or specl
purponsi sdroputbiogBy, wely o resb@pleanddvaoe lmnmpom,eanmh conrpugamyreadable

Bidtr P Re e AR PR RO DR M bt st e ok sorage.

ﬁlagh&fc%ﬁﬂp%ﬁa%@ or ot nlaBndiRest@albEHBALdsY Br adyhSther medium that can
processor may be any convent i onal processor

bonsaddd [cerry ontorcodssntd plrolg@rm cate measan teclhimef instructions or data
@ esso n?¥ gea(m ehqp enent%g as a c%nQSQ?tion anl ter
BLPF&HFM Hial Fap e agecyse ad LEMBTHALTRINC 6F SPE B RmG “qmPien
Bt 6 rRREALHSHOLe oﬁsﬂﬂciﬁﬁ-@htpb}le BfocBiser. ONIS; @S5 Wonne@id8 19 properly
nore
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.



m croprocessors in conjunction with a DSP core, or any
ot her such configuration. W 2008/ 042874
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al gorithm described in connection with the disclosure
herein may be enbodied directly in hardware, in a

sof tware nodul e executed by processor, or in a
conmbi nation of the two. A soft'ware nodul e may reside
in RAM nmenory, flash nmenory, ROM nenory, EPROM

. EEP i st har d. di
FERBUpe ol ok Thovensiaetd SBp Seny Rl B s elarsophgemputer
FRadilIEmelaowWn in the art. An exenplary storage nedi um

is coupled to the processor such that the processor
H¥ 08le adl ticrifrovigat lesariptionef dadlisetastes s piovided fooenabls, any person
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may reside in a user termnal. In the alternative,

hereingpay Be applicdrig ath vafiatiensev et dapartiye fen) e sayit or scope of
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one or nore instructions or code on a

conmput er -r eadabl e nmedi um Conput er -readabl e nedi a

i ncl udes both conputer storage nedia and conmmuni cati on
nmedi a i ncluding any nedium that facilitates transfer

of a conputer program from one place to another. A

storage nedia may be any avail able nedia that can be
accessed by a general purpose or special purpose

conmputer. By way of exanple, and not limtation, such
conmput er-readabl e nedia can conpri se RAM ROV

EEPROM CD- ROM or ot her optical disk storage,

magneti ¢ di sk storage or other magnetic storage

devi ces, or any other nmediumthat can be used to

carry or store desired programcode neans in the form

of instructions or data structures and that can be
accessed by a general - purpose or speci al - purpose

conmputer, or a general -purpose or special-purpose
processor. Al so, any connection is properly ternmed a
conmput er -readabl e nedium For exanple, if the software

is transmtted froma website, server, or other

renote source using a coaxial cable, fiber optic

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

or wreless technol ogi es such as infrared, radio, and

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

twi sted pair, DSL, or wreless



technol ogi es such as infrared, radi o, and m crowave
are included in the definition of nedium D sk and

waele@s/ 04234 used herein, includes conmpact disc (BD/US2007/080120

| aser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks
usual ly reproduce data nagne % cally, while discs
reproduce data optically wit asers. WD 2008/ 042874
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] ithin the scope of conputer-
9@§§aﬁﬁ%bﬂéﬁwﬂﬁgﬂﬁ%108] The previous description of
the disclosure is provided to enabl e any person
skilled in the art to make or use the disclosure.
Various nodifications to tGRAINKS osure will be
readily apparent to those skilled in the art, and the
generilc prAREPPat!s dt WiHRESs GQERBIHCAHRY), WENPHIZ ed t o

ot her Laf i j rti fr . L it -or,.
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(rEOndeutnto gherdtedrbised oh @ Arivék @xqatmekaad ancheatbdiogstsnt amplitude

descri bed herein but, is to be accorded the w des )
%ﬁ@ec%glpgc{ Emrema%lﬂg PHOSER HEplgpds S%wan%%ﬁlptle times, and to
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Cr/ Us2007/ 080120 28 WHAT IS CLAIMED IS: CLAIMS 1.

An apparcatarg chuplediiortb¢ etdsast onmprocesadn. on, conpri si ng:
at | east one processor configured to obtain a primary
synchroni zati on code (PSC) sequence generated based

on a BrankThaeupphaeisadf @aihfpeawReeRonisd amt lcadPbhd YilScessor is
sequence obtained by repeating a constant arfrglgltude

igerseloalain ficacndatrdssongtaet anepliteorreuansc af REGhIN ghwatepeating
nthe P ence:; and a ry caoupled.to th

KL, 88 RGO GencEE IR QY R et Ve, and
wheseidte thePS$C sb@rate 6NRNPMHONESSRE dnsthe Fomfk gquettetd length N
obtain the repeated constant anplitude sequence of
prchige Fenqeted ponsyr amphigde Nequeres ot Iseeth Mhst ant  anpl i t ude
sequence of length N, where Nis an integer value, and
to generate the PSC sequence of |ength N2 based on the
Fr ank3sequ&hc eppdratue nditdnii?], wheteinhthercopstattednploingd actfuence is

npl.itude, sequence of, | ength N2. 3. The apparajus of
BF%H rAny ot (e 856 Of HeCes eaﬁ?ncgnﬁvil\dcﬁaau@@gau@ria psgudo-random

number (PN) sequence.

4. The apparatus of claim 1, wherein the at least one processor is
configured to generate the PSC signal by interpolating the PSC sequence and appending

a cyclic prefix.

5. The apparatus of claim 1, wherein the at least one processor is
configured to map elements of the PSC sequence to a set of subcarriers, to map zero
values to subcarriers without mapped elements, to transform the mapped elements and
zero values to obtain a sequence of time-domain samples, and to generate the PSC

signal by appending a cyclic prefix to the sequence of time-domain samples.

6. A method for wireless communication, comprising:



based on at |east one of a Golay sequence, an

M sequence, and a pseudo-random nunber (PN) sequence.
wd2008lesappar atus of claim1l, wherein the at |PEEFUSINE080120

processor is configured to generate the PSC signal by

i nterpol ati ng the PSC sequence and appending a cyclic

prefix. 5. The apparatus of claim1l, wherein the at

| east one processor is confi%ﬁred to map el enents of

the PSC sequence to a set of subcarriers, to map zero

al ues, to.subcarriers wthout m | enments, to
! rancPuE M e PR el oL EHE PR SEURNraerkfted based on a

PRihRI Bq@en2€ AHENCRpBited IcBRStAR MRt FRMRIGBSncecailaih& b¥ Trepeating a
generate the PSC signal by appending a cyclic prefix
tenstanbaspliuden seuohcethwitiplidirag¢snadhnpl es. 6. A net hod

for wireless ni gati gn 0 i sing. WD 2008/ 042874
pCT/ URIBEIREET 30" 058 DBEATHI RGOS S REFy
synchroni zati on code (PSC) sequence generated based on
a Frank sequence and a repeated constant anplitude

sequehce obhaimaBohyofr elgint o.nyharein ghe tobiginiagpthct Bde sequence

§§HQ%£ge multiple tines; and generating a PSC sigha
as on the PSC sequence. 7. The nmethod of claim 6,

wher ebbtainivgy thbtraicaicd gohstentREG|setuegauece 06 hgpkilsES by repeating N
gbt ai. ni ng the repeated consfant anplitude sequence of
kg iHe cRBS B G RgNce ot \a‘fagthth%éﬂ&a%& B AR AT IV Elygernd
seque g&fére&fntgl tROPEA s%ueﬁ&e&ele%th N HAsddGEBE Frid! dGuer@DEf length
generating the PSC sequence of |length N2 based on the

K ank theecpratedeoostahtengt udiequance hElengthedt ed const ant
anpl i tude sequence of length N2. 8. The nethod of
claim6, wherein the generating the PSC signa

conprgses THEARRHI0TE]adn $€ HUERGLhE fgchdriMr@BRST signal comprises
sanpl es based on the PSC sequence, and appending a

cycl i gensrasfigya sequanige of bipaetotainsanilerebadeshen thedApicgyence, and
w v SIS ARUETeR REBiceuiE. TRRRLE G nples 10 gonerate
oRtESMdigeala pri mary syhchronization code (PSC)

sequence generated based on a Frank sequence and a
repeat ed constant anplitude sequence obtai ned by

'trieﬁ::‘;@.i gg d%n%ﬁé‘aﬁ‘l@tfoﬁ%’éll%s%ﬁm%ﬁﬂéﬁ%%ﬁ?co%BrIsh&': €

means for obtaining a primary synchronization code (PSC) sequence generated
based on a Frank sequence and a repeated constant amplitude sequence obtained by
repeating a constant amplitude sequence multiple times; and

means for generating a PSC signal based on the PSC sequence.

10. The apparatus of claim 9, wherein the means for obtaining the PSC
sequence comprises

means for obtaining the repeated constant amplitude sequence of length N* by
repeating N times the constant amplitude sequence of length N, where N is an integer
value, and

means for generating the PSC sequence of length N* based on the Frank

sequence of length N” and the repeated constant amplitude sequence of length N*.



means for generating a PSC signal based on the PSC

sequence. 10. The apparatus of claim9, wherein the
wore@n®418e+4 obt ai ning the PSC sequence conpri SBCT/BANE080120

for obtaining the repeated constant anplitude sequence

of length N2 by repeating N tinmes the constant

anpl i tude sequence of |ength where N is an integer

val ue, and neans for generatifig the PSC sequence of

| ength N2 based on the Frank sequence of length N and

the r eat const ant seguence of .l engt
08/ @E@gmaraafr/% 3?( qy@omfins %eratmg ‘the PSC

gﬁﬁﬁkgﬁ@§5@5 claim9, mhereln t he nmeans for generatlng
e PSC signal conprises neans for generating a
sequeneensofort gareratiogei sequams elstigsiothapn sahplepdased on the PSC
sequence, and neans for appending a cyclic prefix to

t seQué%ce of tinme-domain sanples to generate the

PSC sh@ma for lg\%enﬁlﬂg% bydhie-pr&adabihe ssRdhtdLompldogiatdsamples to
i nstructions i ch, when executed by a machine, cause
gﬁ@“ﬁﬁ&ﬁﬁﬁgjwén%erforn1operatlons i ncl udi ng: obt ai ni ng

a primary synchronization code (PSC) sequence

generated based on a Frank sequence and a repeated

const ant aﬂphﬁ&hﬂ343QEMEﬂGﬁathabmﬁﬁﬁhygrﬁﬂm@ﬁbng‘Whmh when
constgnt anpl it ude sequence nultuple tines;

grETateq Oy Rgnachpsecaysg Hin m ofsrfPHR Opeeletedagﬁél@g 13.
The nBGhinREs 4 EQ%@B%HMh%IM c&dea('P@C}%edM%hgéq%en‘é’fh%& based on a

executed by t chine, cause the machine to perform
bpekatiwmse fand tehepeited lcaatitang anqibttlaima;elqgeltdae)htap@hbgdepeatmg a

const ant litude se ce of ngth N2 by repeating
o habrfe seRes TR Fedoe €aquence of |engih N
wher eghhek&ingdh PST SgRAI buddusy thaPdC segngcat i ng the PSC
sequence of 1ength N2 based on the Frank sequence of

| ength N2 and the repeated constant anplitude sequence

12 wiien, Wer eyt uRafPE b an STERRN 2 VLl B LA by e
fmelhhaeaﬁ@: the hfaohif ap@drﬁirmmrétmm hﬁzﬂlef e luddigng:
obtaining the repeated constant amplitude sequence of length N? by repeating N
times the constant amplitude sequence of length N, where N is an integer value; and
generating the PSC sequence of length N based on the Frank sequence of length

N? and the repeated constant amplitude sequence of length N°.

14. The machine-readable medium of claim 12 which, when executed by the
machine, cause the machine to perform operations further including:

generating a sequence of time-domain samples based on the PSC sequence; and

appending a cyclic prefix to the sequence of time-domain samples to generate

the PSC signal.

15.  An apparatus for wireless communication, comprising:

at least one processor configured to obtain a primary synchronization code
(PSC) sequence generated based on a Frank sequence and a repeated constant amplitude
sequence obtained by repeating a constant amplitude sequence multiple times, and to

correlate a received signal with the PSC sequence to detect for cells; and



generating a sequence of tine-domain sanples based on
the PSC sequence; and appending a cyclic prefix to

wo b@spesaence of tine-domain sanples to gener aP€r/Us1ve7/080120

PSC signal. 15. An apparatus for wrel ess

communi cation, conprising: at |east one processor
configured to obtain a prinaé§>synchron|zat|on code

(PSC) sequence generated bas on a Frank sequence and

a repeated constant anplitude sequence obtai ned by
repeatin con nt.a ude sequence multiple

L hect iy SR BanSiBest PRCRRERNOE: gnal w Lh the

PSC sequence to detect for cells; and WO 2008/ 042874

PCT/ US2007/ 080120 31 a nenory coupled to the at | east

one pﬂ@ces§b¢ appsratlrshef @éﬁp@r abusvhetein| the nat1 Bastwhee girpcessor is
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of Ieng;h N, where N is an |ntgger value, to generate

gensrastheskefy setienest off lengih AN Nesed g theokraplk scqmengicof length N* and
q 0 t n rep d\go ant

BESHRERY CLorb B0 it ool TERAEFC O HRRY perform. partal

patdlatidn oft thicrret@t¢dosigndl \t/iTlle rméﬁ}elle\segmsmtg mﬁlthewlPSE sequence, cach

mul tiple seg negts of the PSC 1$e gquence, ggﬁg segnent

SN £ CHPE P'A4Y OBf éePFEB%‘t Pt e qorsyant ep @%‘H’Fnce

anpl i tude sequence. 17. The apparatus of claim 16,

wherein the at | east one processor is configured to

non cdﬁﬁer eﬁhd: wpawﬂmubﬁt@imaﬂﬁj athcoon rtbk aati astr esalpirgcessor is

i p nents . .of the PSC uenc
it abh Bp R Fram s o SRR atass fos the multiple

dpenenBEF 5 PEENERubitet tBQLIAR @l B obleBifidh rBaReenP R H&tset for the
full correlation result. 18. The apgaratus of claim

REC sodiesnes m thieccatved sigael typed ¢ be el eorrdlationsismflt. gur ed
to obtain a first partial correlation result for a
first part of the PSC sequence, to obtain a second

parti @§. corhelapbh@tust 68 Wwidimf a5, aviredonte par teaetf ohdr&rocessor is
PSC sequence, and to estimate frequency offset based

ennfigveedetoabain A diry dedind coras ption reékl# fas|afirstoppry @fsthe PSC sequence,
fobtdiNS SO/ ﬁér'tﬁl Qe ?Jti%h%%l Wg%@@dnﬂ ﬂalflt fethe h’?@sstequence and

one processor configure erive ‘a channe
&Betstlrmteefrdmlsﬂ!ql (Qﬁﬁset besed ea ¢hovfddt sidgwadndypudtidl werrBlBon results.
sequence, and to detect for a secondary

synchroni zation code (SSC) sequence in the received

si gnalg baseg. ofhRRICHARDNEN 85! WRIEn RO- atAARE BRI Fr8cssor is
W rel ess conmuni cati on, COITprI SI ng.

configured to derive a channel estimate based on the received signal and the PSC
sequence, and to detect for a secondary synchronization code (SSC) sequence in the

received signal based on the channel estimate.

20. A method for wireless communication, comprising:

obtaining a primary synchronization code (PSC) sequence generated based on a
Frank sequence and a repeated constant amplitude sequence obtained by repeating a
constant amplitude sequence multiple times; and

correlating a received signal with the PSC sequence to detect for cells.

21. The method of claim 20, further comprising:



obtaining a primary synchroni zation code (PSC)
sequence generated based on a Frank sequence and a

WO e@satxsd4 const ant anpl it ude sequence obt ai nedP@I/US2007/080120

repeating a constant anplitude sequence multiple
times; and correlating a received signal with the PSC
sequence to detect for cells.,,21. The nethod of claim
20, further conprising: WO 2088/ 042874

PCT/ US2007/ 080120 32 estinmating frequency of f set

based on first and s rti rela i on. resul

or 1 FiHaptgsdresBitcrtng pultdon fst SR End aital S5%tidon resuls
fdreirsmhbesconll pattabMhe PSCf e hidiRE. corrprlSl ng: deriving a
channel estimate based on the received signal and the

PSC sequence; and detecting for a secondary

synch ni zation,.caqd S uence in the received

Si gna basgh ht O%S%ang ﬁm% T RS An appar at us

for wiédligss chamelaitieaitd Bibed _Q)ﬂf’ﬂ% te@tived sighall #dshe PRE sequence;
processor configured to obtain a primary
@yhchronization code (PSC) sequence from anong

Tl Bl 9GP SUUERRES QERRALERPASR] SR AalehBln BGcceived

pair 0O emen uences Tate a
sggaiaalasdalaﬁetﬁeomamhlecsﬁﬁﬁte sequence; and a nenory
coupled to the at | east one processor. 24. The
apparatus of claim 23, wherein the at | east one pair

of cogpl exy Egﬁrﬁtu% FRUSHOES RTRIHiISERdn &M‘;d Rigatary
sequences A a B, d wherein the nult SC

sequeMcésﬁpomppn83$arﬂmnﬁgH@$Gbsﬂqunc@nAﬁEyﬁ@ndndmbyknlcode

t t A
etk S SR AR peRS SRR G ettt dsieh e ot least one
Bufif\ o Qo ridht £ONCaEERAY, | dhd @OFRIENRRAt PSY SEANSAGE & the PSC

wWith conplenentary sequence A 25. The apparatus of
6KH@W$2@1 wherein the at |east one pair of

CONP! HERIA! YoRRAHRIRER ISQUBKL 5ESSONP! erent ar y

sequences erern nultlple PSC
sequences conprise a first PSC sequence forned by
conplenentary sequence. A and a second PSC seguence

formedtby EBemprrtENarsf séleride Bhershl trheatappast apis pair of
chmﬁlleﬁl'emagsseqﬂ@&reg 'cmeH?esacton{p%}ﬁént%ese&@n%esog and B, and wherein

the multiple PSC sequences comprise a first PSC sequence A+B formed by
concatenating complementary sequence A with complementary sequence B and a
second PSC sequence B+A formed by concatenating complementary sequence B with

complementary sequence A.

25. The apparatus of claim 23, wherein the at least one pair of
complementary sequences comprises complementary sequences A and B, and wherein
the multiple PSC sequences comprise a first PSC sequence formed by complementary

sequence A and a second PSC sequence formed by complementary sequence B.

26. The apparatus of claim 23, wherein the at least one pair of

complementary sequences comprises Golay complementary sequences.



conpl ementary sequences conprises Golay conpl enentary

sequences. WD 2008/ 042874 PCT/ US2007/ 080120 33 27.
wab@sagmsas at us of claim 23, wherein the at | eaBCT/ORM07/080120

processor is configured to generate a sequence of

ti me-domai n sanpl es based on the PSC sequence, and to

generate the PSC signal by apgﬁndlng a cyclic prefix

to the sequence of tinme- domalh sanples. 28. A nethod

for wirel ess conmunication, conprising: obtaining a

primaLy syngchroniz tio ode .(PSC) sequence, from anon
Pl T B SRtiinc b GBRert SepItanE ot leest BhEProckssor is
88T dRRdd toQPen&arend @Eﬁﬁéﬁc@ro\f tRRAYSNER SampIRY ba@BERAIAE PRA Rquence,
PSC si gnal based on the PSC sequence. 29. The net hod

arfd tq géner2® thenRe signat by appenidingsa cydlis prafix tethe sequence of time-
§1n lementary sequences conpri ses conpl ementary

LHUERELE A and B, and wherein the mul ti ple PSC

sequences conprise a first PSC sequence A+B forned by
concatenating co Ienentary sequence A wth

conpl é¥rent Arjcthed fadeclEs spanpnicstionFoppasdegquence B+A

conp Chiafi e RARLATAL AR BT GIRNRCK sARAHET I dnll uliple
Generating aoceguanca o Lino- danain sanpl be based on -
?he Pé@eéag é‘rﬁ&lSlgﬂé ba nfg? Pgéms?%‘éen?g?: si gnal by

appendi ng a cycllc prefix to the sequence of time-
domai n sanples. 31. An apparatus for wrel ess
conmui?.cat Tba medmdprf C§,1m928 athetosadte a ths‘pmm:mls@fi complementary
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sequences, and to correlate a receive n with
RYQenased veceonpicrentatt sefaence &3 msd a amné H%En@myence B+A formed

2 %lgnc%%nat?n ! cho%ﬂp%rnerg? Vﬁue%cg BAE 1% Sttaryosr?guence A.

ara erein t Fea parr
of conpl enent ary sequences conprlses conpl enent ary
sequences A and B, and wherein the at |east one

proced@or The cBpthpdefeqlaim bt ahsrein rthe sgeneriting| thej BRC signal
B%@#b% for correlation WO 2008/ 042874
5007/ 080120
generating a sequence of time-domain samples based on the PSC sequence, and

generating the PSC signal by appending a cyclic prefix to the sequence of time-

domain samples.

31.  An apparatus for wireless communication, comprising:

at least one processor configured to obtain a primary synchronization code
(PSC) sequence from among multiple PSC sequences generated based on at least one
pair of complementary sequences, and to correlate a received signal with the PSC
sequence to detect for cells; and

a memory coupled to the at least one processor.

32. The apparatus of claim 31, wherein the at least one pair of
complementary sequences comprises complementary sequences A and B, and wherein

the at least one processor is configured to obtain a first correlation result for correlation



34 of a first part of the received signal wth
conpl enentary sequence A, to obtain a second

w@oersekmri on result for correlation of a seconeCPEf100T680120

the received signal with conplenmentary sequence B
and to detect for the PSC sequence in the received
signal based on the first a f second correlation
results. 33. The apparatus of‘%lain131, wherein the at
| east one pair of conplenentary sequences conprises
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t
FSEPLAERSF A BRgER Lal, SSRON, Y, Al e
ﬁﬁ.’lltlpmm medidEﬁc@t cd)rﬁpmte @nﬁrspmbss(prenées A-Idi)nafntigm rsedond PSC

to derive uenc estimate based on th
HRSTCoH B SN Be Gf LeEScpre TBOIICE is S e fo Obtain first and

QRBAA @bHelafbn 9!35%'1@1 Bl cof@@lﬁﬁ@ﬁ Rt hﬁrs@tpahe@is Eheofb%elved s1gnal with

processor is configured derive a channel estimte
btaspldm@mtatyh sequemwbdmé&grtal obdand thine a@&(fwtﬁeqmda‘em results for

to detect h
sy rethencen o CoidRE PRERRY siPhel wharo DRk eucnces A and
Bhanne) deesd 'f(B'thh@ firs?@nd @ed@ﬁﬁm §e@LﬁerYUe§ &l B%Seceived signal based on
communi cati on, n’g)gl sing: obtaining a primry

ﬁyﬁbﬁr@wpaéﬂhmﬁw@b ﬂbpgnybﬁ@mﬂﬁh@% f rom anong

mul ti ple PSC sequences generated based on at | east

one pair of conplenentary sequences; and correlating

a recgdvedThe apphrandst bf tdemPSE, seguencict &t tatteohe fp@obeessor is
cells. 37. The met hod of cIa|n136 wherein the at

pRHiguregndo lerive of TEQBR@meRiser §stinate Rased ©nc difpririteand second
g%%gagﬁﬁg%%{y sequences A and B, wherein the nmultiple

2 f042874 PCT/USZOO7/080120 35 sequences
conprise a first PSC sequence A+B and a second PSC
sequegge B+ and mhe e|n t i rrel a |n he
recei v&d sil gnaiPPifY P ed‘a@ e@%tsone processor s
configured to derive a channel estimate based on the recewed signal and the PSC
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received signal based on the channel estimate.

36. A method for wireless communication, comprising:
obtaining a primary synchronization code (PSC) sequence from among multiple
PSC sequences generated based on at least one pair of complementary sequences; and

correlating a received signal with the PSC sequence to detect for cells.

37.  The method of claim 36, wherein the at least one pair of complementary

sequences comprises complementary sequences A and B, wherein the multiple PSC
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and fourth correlation results for correlation of a
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| east at least one processor configured to obtain a secondary synchronization code

(SSC) sequence generated based on a base sequence and a modulation symbol from a
modulation scheme, and to generate an SSC signal based on the SSC sequence; and

a memory coupled to the at least one processor.

40. The apparatus of claim 39, wherein the at least one processor is
configured to generate the SSC sequence by multiplying each element of the base

sequence with a complex value for the modulation symbol.

41.  The apparatus of claim 39, wherein the at least one processor is
configured to generate a primary synchronization code (PSC) signal based on a PSC

sequence, and to transmit the SSC signal next to the PSC signal.
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claim39, wherein the at | east one processor is
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to detect a secondary synchroni zat i’'on code
seqbeﬂ&ﬁ)swansﬁtamédCthmheu@mbI based on the detected
base sequence and the detected nodul ati on synbol; and
a menory coupled to the at | east one processor. 50.
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a base sequence and a modulation symbol from a modulation scheme; and

generating an SSC signal based on the SSC sequence.

47. The method of claim 46, further comprising:
generating a primary synchronization code (PSC) signal based on a PSC
sequence; and

transmitting the SSC signal next to the PSC signal.
48. The method of claim 46, further comprising:
selecting the base sequence and the modulation symbol based on a cell identifier

(D).

49.  An apparatus for wireless communication, comprising:



sequence, to estimte frequency offset based on the
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prdigusad tordagiyatsbinnel gains for multiple subcarriers based on the detected PSC
sequence, to estimate frequency offset based on the detected PSC sequence, to remove
the estimated frequency offset from input samples to obtain frequency-corrected
samples, to transform the frequency-corrected samples to obtain frequency-domain
symbols, to perform coherent detection of the frequency-domain symbols with the

channel gains to obtain detected symbols, and to detect for the base sequence and the

modulation symbol based on the detected symbols.

52. The apparatus of claim 49, wherein the at least one processor is
configured to determine a cell identifier (ID) based on the detected base sequence and

the detected modulation symbol.

53. A method for wireless communication, comprising:

correlating a received signal with a set of base sequences to detect for a base
sequence transmitted by a cell;

detecting for a modulation symbol transmitted in the detected base sequence;
and

detecting for a secondary synchronization code (SSC) sequence transmitted by

the cell based on the detected base sequence and the detected modulation symbol.
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54. The method of claim 53, further comprising:

detecting for a primary synchronization code (PSC) sequence transmitted by the
cell; and

deriving a channel estimate based on the detected PSC sequence, and wherein

the modulation symbol is detected based on the channel estimate.

55.  The method of claim 53, further comprising:
determining a cell identifier (ID) based on the detected base sequence and the

detected modulation symbol.



