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[0001] This application claims the benefit of U.S. provisional application Serial

No. 60/839,954, filed on August 23, 2006, and entitled “A METHOD AND
APPARATUS FOR ACQUISITION IN FDMA SYSTEMS.” The entirety of this

application is incorporated herein by reference.

BACKGROUND
L Field
[0002] The following description relates generally to wireless communication,
and particularly to cell acquisition and sequences for acquiring cell information

employing synchronization channels and a broadcast channel.

I1. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content such as voice, video, data, and so on. These systems
may be multiple-access systems capable of supporting communication with multiple
users by sharing the available system resources (e.g., bandwidth and transmit power).
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, and orthogonal frequency division multiple access
(OFDMA) systems. But regardless the peculiarities of the many available wireless
communication systems, in each of these systems a terminal or wireless device upon
switching on must perform cell acquisition or cell search in order to become
operational. Cell acquisition is the procedure by which a terminal acquires time and
frequency synchronization with the network, cell identification, and additional
identification of system information critical to operation such as system bandwidth and
antenna configuration of cell transmuitter.

[0004] In a wireless system like third generation long term evolution (3G LTE),
or evolution universal terrestrial radio access (E-UTRA), advantageous features for

enhanced communication performance such as presence of a cyclic prefix to mitigate
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and a memory coupled to the processor for storing data.

[0007] In accordance with an aspect, an apparatus that operates in a wireless
communication environment, the apparatus comprising a processor configured to

transmit a code sequence in the primary synchronization channel that conveys at least
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instructions which, when executed by a machine, cause the machine to perform
operations including receiving a code sequence of primary synchronization channel
symbols that conveys at least one of a cyclic prefix duration, a part of a cell
identification code, an indication of broadcast channel bandwidth, and facilitates
orthogonal frequency division multiplexing symbol boundary detection, slot boundary
detection, and sub-frame boundary detection; receiving one or more code sequences of
secondary synchronization channel symbols that convey at least one of a radio frame
boundary, a part of or a full cell identification code, and an indication of a broadcast

channel bandwidth; and receiving a code sequence of broadcast channel symbols that

conveys at least one of a cyclic prefix timing, and the wireless system bandwidth.
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bandwidth; and processing the P-SCH, S-SCH, and BCH code sequences, and

extracting the cell information conveyed by the code sequences.

{0013] In accordance with an aspect, a method used in wireless communications
system, the method comprising transmitting a code sequence of primary
synchronization channel symbols that conveys at least one of a cyclic prefix duration, a
part of a cell identification code, an indication of broadcast channel bandwidth, and
facilitates orthogonal frequency division multiplexing symbol boundary detection, slot
boundary detection, and sub-frame boundary detection; transmitting one or more code
sequences of secondary synchronization channel symbols that convey at least one of a
radio frame boundary, a part of or a full cell identification code, and an indication of a
broadcast channel bandwidth; and transmitting a code sequence in broadcast channel

that conveys at least one of a cyclic prefix timing, and the wireless system bandwidth.



[ 0014] To Ilshrrent of the foregoing and rel ated eng one_or
more enbodP rrprl se the features hereinafter full !}CE/«? %@7’3@889
and partlcul arI y pointed out in the clainms. The foll ow ng description
and the annexed drawi ngs set forth in detail certain illustrative
aspects and are indi cative of but a few of the various ways in which
t he principles . of th odi nents may .he enpl oyed dvant ages
and novel E lir es vaOI w&awléiﬁb%ﬂt@ﬁﬁieffpwmﬁén%%%&ﬁ » B8R & PG

descriptio %;Hgﬁ t

di scl osed E%ngi{ﬁ}{%nts r%gﬁlneltfg% m?%ﬁ%aﬁ@fiu&daf&suc g%gg@?@gmé%

t hei r equi vat mrthsclaibi. EEwEﬁEEBRIviﬁ'gIcEMrtﬂﬁoif Ikl EiRAVEH 8468 c{rﬁ@ﬁlgi fdt @rttlin
temin which user es C

illustrate S | . .

i nf or mat i o _efﬂl St iRy spetts SronT sieave of i oy s TP FRYHI
M MO t r ans gjrfidifihe ?Hﬁ‘cz@le& %Pﬁfe\éﬁ{bod{n%%%@e edplosed OREKdWHnAGEAMO! 2
MJ M MO configuration FIG 4 illustrates transn ssion

conf i gur at now fegtures S@H @@ﬁmpp&es@bmahmeEWlmled[@m}lﬁn @élen 5A

and SB i || ysteate synchion 7ahl o A0l R806a%%, 2R 0eko DAL, 4t

intended to include all such aspects and their equivalents.

BRIEF DESRIPTION OF THE DRAWINGS
[0015] FIG. 1 illustrates a system in which user equipment acquires cell

information from a base station.

[0016] FIG. 2 is a block diagram of MIMO transmitter and a receiver,

[0017] FIG. 3 is a block diagram of a MU-MIMO configuration.

[0018] FIG. 4 illustrates transmission configurations of P-SCH codes, S-SCH,
and BCH codes.

[0019] FI1Gs. 5A and 5B illustrate synchronization and broadcast channel
bandwidth utilization,

[0020] FIG. 6 illustrates information conveyed by synchronization channel and
broadcast channel.

[0021] FIGs. 7A, 7B, and 7C illustrate sequences of cell acquisition.

[0022] FIG. 8A and &B illustrate relaying of cell information.

[0023] FIG. 9A, 9B and 9C illustrates a system which a terminal simultaneously

acquires cells that operate with frequency reuse.

[0024] FIG. 10 is a block diagram of the architecture of a system in which a
terminal simultaneously acquires multiple cells operating with frequency reuse.
[0025] FIG. 11 is a flowchart of a methodology to perform cell acquisition.
[0026] FIG. 12 is a flowchart of a methodology to relay cell synchronization
information.

[0027] FIGs. 13A and 13B is a flowchart of a methodology to transmit and

receive, respectively, cell information employing frequency reuse.
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DETAILED DESCRIPTION
[0028] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more embodiments. [t may
be evident; however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block
diagram form in order to facilitate describing one or more embodiments.
[0029] As used in this application, the word “exemplary” is used herein to mean
serving as an example, instance, or illustration. Any aspect or design described herein
as “exemplary” is not necessarily to be construed as preferred or advantageous over
other aspects or designs. Rather, use of the word exemplary is intended to present
concepts in a concrete fashion,
[0030] Moreover, the term “or” is intended to mean an inclusive “or” rather than
an exclusive “or”. That is, unless specified otherwise, or clear from context, “X
employs A or B” is intended to mean any of the natural inclusive permutations. That is,
it X employs A; X employs B; or X employs both A and B, then “X employs A or B” is
satisfied under any of the foregoing instances. In addition, the articles “a” and “an” as
used in this application and the appended claims should generally be construed to mean
“one or more” unless specified otherwise or clear from context to be directed to a

singular form.

b IY) 3 &4

[0031] As used 1n this application, the terms “component,” “module,” “system,”
and the like are intended to refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to being, a process running on a
Processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing
device and the computing device can be a component. One or more components can

reside within a process and/or thread of execution and a component may be localized on
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a concr et e Witlishimgbile device. A mobile device can also be called a system, subscriber unit,
subscriber station, mobile station, mobile, remote station, remote terminal, access
terminal, user terminal, terminal, wireless communication device, user agent, user
device, or user equipment (UE). A mobile device may be a cellular telephone, a
cordless telephone, a Session Initiation Protocol (SIP) phone, a wireless local loop
(WLL) station, a personal digital assistant (PDA), a handheld device having wireless
connection capability, computing device, or other processing device connected to a
wireless modem. Moreover, various embodiments are described herein in connection
with a base station. A base station may be utilized for communicating with mobile
device(s) and may also be referred to as an access point, Node B, or some other
terminology.
[0033] As employed herein the word “processor” can refer to a classical
architecture or a quantum computer. Classical architecture comprises, but is not limited
to comprising, single-core processors; single-processors with software multithread
execution capability; multi-core processors; multi-core processors with software
multithread execution capability; multi-core processors with hardware multithread
technology; parallel platforms; and parallel platforms with distributed shared memory.
Additionally, a processor can refer to an application specific integrated circuit (ASIC).
Quantum computer architecture may be based on qubits embodied in gated or self-
assembled quantum dots, nuclear magnetic resonance platforms, superconducting
Josephson junctions, efc. Processors can exploit nano-scale architectures such as, but
not limited to, molecular and quantum-dot based transistors, switches and gates, in order
to optimize space usage or enhance performance of user equipment.
[0034] In this description, the term “memory” refers to data stores, algorithm

stores, and other information stores such as, but not limited to, image store, digital
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symbols in the parallel frames. (It should be appreciated that component 152 can also

be an integral part of processor 142.) Upon applying IFFT, a cyclic prefix (CP) is added
to the beginning of the time-domain symbols in each transmitted radio sub-frame. CP is
introduced as a gnard interval to prevent inter-symbol interference (ISI) and inter-carrier
interference (ICI). A parallel-to-serial converter (not shown) generates a time-domain
symbol stream for each sequence generated by sequence generator component 142, and
those streams are transmitted in the downlink 160. Code sequences for P-SCH 162, S-
SCH 164, and BCH 166 are generated and transmitted.

[0038] Base station 140 can also comprise an artificial intelligence (Al)
component 148. The term “intelligence” refers to the ability to reason or draw
conclusions about, e.g., infer, the current or future state of a system based on existing

information about the system. Artificial intelligence can be employed to identify a
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be appreciated that c(co) is the result "of at |east
channels, which are also referred to as spatial channels, where Ny < min{Ny, NR}.

Each of the Ny independent channels corresponds to a dimension.
[0045] In one aspect, transmitted/received symbols with OFDM, at tone o, can
be modeled by:

y(@)=H(me(w) +n(e). (1)

Here, y(w) is the received data stream and is a Ngx1 vector, H(w) 1s the channel
response NgxNt matrix at tone ® (e.g., the Fourier transform of the time-dependent
channel response matrix h), e(®) is an Npx1 output symbol vector, and n{w) is an Ngx1
noise vector (e.g., additive white Gaussian noise). Precoding can convert a Nyx|1 layer
vector to Nx1 precoding output vector. Ny is the actual number of data streams
(layers) transmitted by transmitter 210, and Ny can be scheduled at the discretion of the
transmitter (e.g., base station 140) based at least in part on channel conditions and the

rank reported by the terminal. It should be appreciated that e(w) is the result of at least
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substantialTy the sane manner, through substantially the sane

conponents, illustrated in Fig. 2 and,its corres i .
dosert ot 1 on¥hcause Hiam Pk misaPmplay By e SR NMG Rurepy 300 i
di fferent kagat heRsURd 130N 200l 10s eomMiuatd byt 8 BseStaioh 301 Adse
each term nal 120p, 120u, and 120s has its own nmatri x channel ha and

response matatipx hapiNe decmtenmas, #ad e®)h ofithe WE) has moiiple Rakantenmes.qagsty, UEp

interferen n rese d t I At f |
the cel | SORt KeaNeTyRRe Betre STvtf B o His ik RIS PRRE Mo
three ter nm262]-353sn dongmurdeatioh betedehdertnAp piEtht dhattdtivatis affdddd tdugh
system can cqnprise any nunber of termnals, indicated bel ow with

i ndex k. [ GOUBYSHSent Sasidct! SstSimilary.idoamlinks 31 e oy #iisbt s ailitelerpm
at tone co : : : f@klgﬁo = k((o) +
Fi k(o)) Er ggﬁ%@% 1?12@?#%8%8%0{%2?25&@;% as alii)gEtﬁhe sa En(sa)ni ng
as in Eq. (dspectivtelys hbdditodsdlyappneoniasted chatenchach teommal bid bese station is
diversity, .other-user interference in the signal received, by user k
s nodel ed RPIMeRiFE T8 susiRtE LY fhesAme manng Frvusteebraealb the ey The

components, as illustrated in Fig. 2 and its corresponding description. Because

terminals can be located in substantially different locations within the cell serviced by
base station 140, each terminal 120p, 120y, and 1204 has its own matrix channel h, and
response matrix He, (0=P, U, and S), with its own rank. Intra-cell interference can be
present due to the plurality of users present in the cell serviced by the base station 140,
Although illustrated with three terminals in Fig. 3, it should be appreciated that a MU-

MIMO system can comprise any number of terminals, indicated below with index k.

[0048] In one aspect, transmitted/received symbols with OFDM, at tone @ and

for user k, can be modeled by:
yi(@) = Hy(@)ex(w) + Hi(e)Z' en(w)t ndw). 2

[0049] Here, symbols have the same meaning as in Eq. (1). It should be
appreciated that due to multi-user diversity, other-user interference in the signal

received by user k is modeled with the second term in the left-hand side of Eq. (2). The



14 prinme (' indicates that transmtted synbol

excl uded @Q&ﬂ@iﬁgﬁéumti on. The terns in the series regﬁi@@%‘ﬁ%’“]’&”
reception by user k (through its channg/ response Hk) of synbols
transmitted by a transmitter (e.g., base station 140) to the other

users in the cell. Inter-cell |nterference determ nes at least in
part the channe] condjtions, and thus it is readily apqarent that

channel st &8 (ksypbal indicaics thag gﬁt%ﬁ@(ﬂﬁm@l veeter anis getlededfrran then

MJ- M MO

oper ati on 88 C e Bl ”t%BE%‘]‘%"*‘ét%%eﬂtt%ctttﬁf&bfatses ihioh B el
di agrams 4I&pod(HandsyBtolefratsnattsdrby s transouitief {(egirtabke stmﬁomttt(l?t@fﬂd other

codes, S-SCH, and B odes, .As nti oned .abov t.ransm ssion is
acconpl i shé‘aerﬁﬁﬂt%@ G ol RgHE NS et s A Feaseg patfrgte %@nlettot
shown) ,  andoitibngs bt Sudfs Rlaf el A0 HIb il Efdn aPerUCh
slots. It sﬂodlgn%eﬁapggeéglaetgg R@&?n 33& E stthgﬁir%nbegngf hgyrrbol S
in each subpahsramer ﬁé‘?,jé’btdstemnedtm R@hbﬂM%ﬁp@ﬂzoﬂ:ﬁm HeamigingiPal(yedifferent
16. 67 us) cconmod ted r. slot, whereas for short CP
(e.g., 4. 69" ?gﬁt; mﬁ\éa smélee g‘f%‘&f’veCode symbol s can occupy
one or rmre of the avail able synbols in a sub-franme. Moreover,

transm t t ed0®uence Figured HusiTass meaplin Hagwms 416+ 428 ®di4300f sy mbol

I f S,

| ong, L%, S8 888 oA PRGBS P Dadbpchl el T RARob "
exa(rjrpl e caabsvaptraﬁémymgmis ast:crrﬁlalmhedigi Fﬂlﬁiba‘fadu)nbﬁﬂm%@fvdthfsc#grf%ﬂﬁes oftl ms
orders the o ven e nunber q ol s sen

each frama\?h 0‘&%@?5 B’%{lél gflr%frsss. beksee Eﬁltsatlﬁtfﬁl%c?&ﬁh alPYSecI‘tShPH]él
ef ficiency g, gﬁta&h'm in é‘c&@m@&l@tﬁbet 5@@%{3&5%%%1{:&& @A&@a\%ﬂga&&@{he
detection and herefore quicker cell acqursition than a | ow

conf i gur at ilemgth &ibGR\Ear lopeCR(se, 86.6A88), Sisqinbols afecacgomnivdsied ptadloton
140) sends ach| sition codes such as P-SCH, S-SCH, and BCH codes
cont i nual | y¥hergagEareher CPogr 4Rl ki 6Ayrebals pie ageermadsedy| Cods abelsaape
f

arter va“'oE%&pg C%?ﬁlo?%ﬂhé‘% [E'Blésgrﬂ% ﬂata sgﬂ%h% m%BPéraﬁéIﬁ%ﬁt?ed

t hat acqw odes are sen con ecause termn

user equi preiendPxles tarbSHsyinbel ek tforaEr-SCES whshinbaldorsd for ST e Ton
or asynchronously enter the cell froma peripheral, cell w thout

proper syncKi6Ri 988 ik Ci.ovg NoMadr BiREaTOnT fnde CipatiteoF Sdlerdiggrams
transm ssi coipf -

synbol of %’i% 42@ égﬁ%g?]%&gme\m%g e%%%e_sﬁ%ﬁ@}ggﬁ{i SI ﬁ each g?argWIA

P- SCH code ds@erbztl“or@m’éwhetfeﬁhss@rdedm Igasspadnyaht nwebesiaf kymbaslp egtt it eachadi o

frame boun de synbol ows del me Ts and a
bon Soqe oy The S s ERERsiran pon iR 8 St eticlEoy ok ded
BCH synbol P@Hi%hio@@errtﬁtﬁbrﬁls@lbﬁ% e gaicker detettion hid therefit bick&adellt | mes

-¢, Tsp, '"CBS,  and f can be used as design paraneters to facilitate
det ecti on @pq¥isifipmtiand lgwtﬁrdﬁtrmﬁﬁ@'amhywew, becavssrfi bage @iﬁtlon (e g base

confi guratipmn il%g) s%ﬁg ?clgﬁﬁﬂmlﬁ dofesd su Lg\(]ﬁ? s %f—lhaﬁdaﬂb?[ c agr am

nunber (e.d., are conveye ‘adi 0 f ranmes

420, shows cor@inil, tﬁglnbt@bl taifi@rationhan eb defiritieng BD@tS radd £ft«SABYEYiEENn | N
each franme and synbols cy cllcallg occupy. subsequent. franes. In such
transmi ssi &as beswraceuRRishsh, Itshe hP EPRIGCIZIPAHRAT SCEtionE0ded HivshBlr at e

with franme I,0 g]d,%@ or der
to convey ?8%%‘{1?{1?% aI%Fe orrra rﬁsus%%%eﬁgﬁéodd%?g etca{a}en

descri bed taejmhnmbuﬂy swﬁbtﬂb@lmﬂbrcasyﬁdhgnmaﬂy entet thenstifios opergiera sgbnds
to sequential transm ssion of codes for P-SCH S-SCH and BCH After
cel | acqui ﬁltqodwroﬁﬂ’ﬁsé’ﬁchrﬂmét‘td@r 1 transm ssion can be slower than in
hi gher orders, such transm ssion can enpl oy bandw dth nore

efficientl ﬁOQﬂién or d&lagamoﬂﬂuguﬂhatqsan order-3stramgmissipn capﬁgléetuat, adeteherne

in atermnal Sleon’ SCH3B%e, 0hd s%rtrtg O ofJSZ-QbH\,MancP i ssyI Rl §¢ SE HEH 58 in each

frame. A P-SCH code symbol is sent first, delayed a time t with respect to radio frame

boundary; a S-SCH code symbol follows delayed a time tsp; and a BCH code symbol is



[ 0052] Fi qure nd 5B illustrate two schenes 510 and

bandw dt h thﬁqgfoféﬁﬁon for transm ssion of P-SCH, S-SCH Eﬁ'g’“%%ﬂg'”%“&?
sequences for exenplary system bandw d{fis (1.25 Mz, 5 Mz, 10 Mz,
and 20 MHz) according to an aspect. Acquisition codes (e.g., codes

that convey operational cell information to a wireless device such as
user equi prment 120) can enploy a fraction of system bandw dth due to

(a) the faéentrifas timgefigpaarém! aﬁawbewe@%ﬁyrﬁh@mdmﬁﬁaﬁqufﬁén%wnéw
f t d
() “The podkTbitis efRITRE AT Be BhanTetdrbeaRrY Y A ia e 6 % e

(small N). fddgte det&ub@aﬁfra@lean@z&ubtﬂerneaaﬂma@ hInQ@Jilsﬂiﬁs@fﬂ@b atfcar
user and station data transm ssion (such as user data, channe

qual ity i ndil8atwde I@lg&mﬁebnnmkmewveﬂgmémfrmmber (k.gadxNriwhbalsare

and seconasPyYvand BiadaRaEsk HhARar ik o pARenT B by “Bereeh
Mz regar dlsgssoRfresotnleyadinReiM flihe ﬁﬂmlsﬁ@hca@m@ﬂpﬁwﬁm frdn &G

LTE, 83 sub-carriers can be accommobdated in such equency interval .
I n anot her Iegmwanse}m@nmnﬁmﬂm@h trepsinitfed syrabp p aretnoh peypneRBEAte Vath

1,25 M 1 onBld! ShRerh B R e Ui P LERReE 9RGRShecifc cell

channel can Dbe transm over em ban

1.25 Mz anﬁfoﬁmton&smgza wﬂmnelasbﬂbﬁ aM@b@ﬁbécBl@d%aﬁEﬁé&Z@lderED&ﬁﬁi]gﬁt@Mﬁe 6
illustrates the information conveyed by the synchronization channel

and br oadc #EPSBHSAR EPTEPRBIIP ﬁ@qqeaﬂ%lﬁf%raeém 0)&50%8@%%3%1 S gand
code Sequeﬁ'sg(%i. A‘P{erge%f ﬁg{%u%% SARLQY et 9 trahdhis %é%@%aﬂﬂ%ﬂ%ﬁher

det ecti on, coar quenty synchroni zati on,

boundary detdses,isach tr{ndinisyal dan eprpédyi ban(@Rjth hiore afji,me(nﬂy tleaml drder-3
identificatiop, and (6 bandw.dt h i ndi cati o In particul ar
pri mary syr‘fe %Hm{w&%}ioa@%@m%e%%%ew e )]/26)

synchr oni zadiioNsinSR defeBfiod Mo iiaels,, deleetiodfinsoHent fl@'ﬁ‘ceﬂ'aﬁ&msmon can

boundary. Wth an appropriate transm ssion confl %uratl on
secondary §a}hmm®mlqram0hwnﬂnmneformahomearentbtmlgré H@ﬂdede@cel@trﬁd)ﬁr&m 5

520, code SeimBCeAa ettt s h T Sed PAE Fpdr B RlR g T pn

syst em bandwindt i berapghrdciakeddth REFanSMsds RN doRfiQiraBéishd Wedn A9, hmend 430
station antenna configuration, peripheral cell information, etc.

Ti mi ng i nf GFhRASSIGHE. 2 awlthl%ﬁlefsﬁﬂéﬂfgﬁb?mﬁ@é BPBifEEeRi on, can be
obtained by correlator 128 in detection conponent 122, and processor
124. Repeat[@e52 equend‘egmsae 58 andeSB dstrhte o 16E@Es & 10lend62kaf H;yndmdth

correlator 1 tim n C ocessor

Tiring anc gy eSS cbh srlthand Bl e RS Metimmlar
Van Bee @ystefﬁtaaﬁakmdﬁﬁctl 5.9 Mﬂgts mm qd MIRE,QRA S8 N@H&)t dcdebdg t%%ﬁ%spect
sequences W th repeated secti ons of the transmtted code in order

estimate frimewisgo wdps Ge@w;ecmdemhdemnesy opssatigeial cc-élsqur@qtnemw ‘@fl‘131§@t

It should ciated that r__net

boundary dgf&???% as@lgeraﬁiﬁl}lginll%lnw@ c:&nfemgqoareanﬁ%/c% ync s(tgem cif“(r)lﬁ%ﬁ ter
timng and (hy@e! @eﬂmﬁt HERGRER A dBis nOORVHEGIME IBES; stehbls aB@difed, (b) the
systeminformatio cell 1D BCH and S¥St em handw dt h, ant enna

confi gur at iSBeFiBe nﬁa@@fghe@qmﬁyeddafpr@éﬁ%m theagspiilibRaf coBHpBREFHCh
conpl et ed. THRGRIRE R cetomB T ibds, BEWhERLLR ARG o e
can be accempligddor tider antitationciatbiraatisionofudh sk &t ChinnahquiaBGH

d . F A, d . 7C il lustrat |1 ti
sequences 4@ wé{%ﬁ{lésql«aewfeﬁg@%&%n@eg%ﬁﬂ iz FRaEb R 1P BhaRSE
such aspecty %O%ﬁgﬂétﬁint l("lﬁl! G fn9And Eéc%nde?rgz @gro%;ﬁ;gst AGHY Efiﬁ%%e

OFDM synbol ary t roug tirmng or corre etection o
pri mary synchsaiticdaveonl.26dHt Re@)dlse qlieystean badvevith$@Heis S0anssin t ed

example, in 3G LTE, 83 sub-carriers can be accommodated in such frequency interval.

In another aspect, synchronization channel can be transmitted over 1.25 MHz regardless



17 nenti t he sequence can be, but is not |im i ng,
a gener aﬁ‘?%a&@%?’% | i ke sequence (e.g., Zadoff-Chu se%éﬁ@%@@ﬂsw
Wil sh- Hadanard sequence, a Gold code sgguence, an M sequence, a

pseudonoi se sequence, etc. Frequency synchroni zation is perforned at
730. In turn, at 735, radio frame boundary and cell ID are detected

via the secqndary,.synchronization code,(SSC) sequence; S-SCH

{r ansm t ot S DBty v BEAJCRS aRe hap BOrasT s el 103 MBvey
cel | 1D i nfaH-Aay4t0R baR@MENR D st NBRHRH b8 MHA WRenB R vAl& (SIRERB20Y
indicate all poSsible 512 hypothesis (nunber of cell IDs) in 3G LTE

It is note t each. |- 4D e ] 9 hils. At
70, bt T, ©Godiffins LUEERE AR YR8 KL ufluh et
i nf or mat i orhaire] aclbtoiddstdhnmed Beadeding ) At ispectofAstpieschied adeHE tode

channel, which is transmtted over Mélz It should be

1.25 a&Fi g. 5A).
appr eci at edequsagesdpr $¢-H;icap be spplnyed &rdd} @HDM sepbal\bepedary detretiny (Has

Successt ul Iy B oAt o & LRI AP O} REls TAREES R ddbb ity Drtig et

i s added atCPhtemirag i)ell identificatidny ampt G4 BEEDbantRadthafdieation. In particular,

frequency-domai n nodul ati.on, haiwlge gan?ransfggorrg[:t%gggg?igg@%%ﬁ%@izaﬁom

ti me- domai AISHBYY SYpFEaRiTation s ey
during det egf kQroBhMIGhbol, SRR ARY bib-A0E B8l %%H&é‘rg: VAGHAN SipkdRidte
sequence 750 acquires,” at 755, OFDM synbol boundary and t'i m ng

duri ng decdansgisebn coidigRr80H, hegeamdary syuchremigatemcdsnnd canbnempleged for
over 1.25 .Fi 5B) ,,.Ca e use o _acconplish sych acqui sition.
Toteduce. Mo LRF hhifFEle BRak 280 thenETR TR B 5 BT
e. 9., Wl shbladanBsfhetQdTor BOWRYE be ublibeS fof 69 CPNERMCH) sPfem bandwidth,
contenpl ated and are within the scope of the present invention. As in
sequence 728d otk srdena hyoenatvnasugh aebase siagias Aiteanagoatighration peliphargc
sequences. . be a I: a i - SCH,
dermau at§ & SFOREn e nERh FR iRbRRldR ke MBR & AELRAL Ahconlal gy be
acconpl i shebtaifsdagpaelataying i oskaiin @mpoie| 120, aRrdrotesnd 124, Rofeatoht
760, S-SCH sequences transmtted over 1.25 MHz (Fig., 5B) are designed
to descri bécausngesHgatvsedpwnlinhcdrpre deteetempy raeclaiod 1 3% phd (MR REEIC 17,
i ndi cation i | C I -%;@n Nz,
i's obtai neg%}gt%%g@%ﬁg%%“@ggg%%@gggg%%b%gﬁn&gﬂqﬂ?}g , seg{é)ﬁi?S ¥
sequences @doosy ek, Vay $Siedbecnk fnoatinat, pch Setsnidt aethod, mnp@samparticular code

fi tion, neighbori d o tc. .Jt,shoul d i at ed
Shat She vordisabSreRer e dtine Rdmiticd o i OrBR AR R R e,
channel baRgydrahbolndatiC LIRER as ﬁ'@éﬂié%@)ﬁ 6ffde20 Iﬁhbﬁ%efagﬁreé‘iabéarﬂﬁzﬁ BhiRr
transm ssion bandwi dth for broadcast channel, thus 18 comruni cation

over head carethudsmmeg prsaibleeior sxrhbal darnddry deteeteons GRaluzationsanddi¢queyest em
bandwi dths. 1t _shoul d fuither be reciated that . because of th

durat i on dSVAFTHAYER &L{%&E“%%%n"glg?‘%l%{l‘fyosﬁfl‘;%m%?%?nn3?‘%‘( S&ﬂ&?@%@%ﬁ”
equi prent  1283mhe®rheir (e BChed eDPEOHadndaRstah be 1S anfcdRb&drfiguiseion of
anot her aspect, acquisjition sequence 775 can alternatively conbine

t he i nf or niesotiation gaykydenedulaied iscEF B seampengnt F3 ¢ in dgtectiparpemponeiid 22,
P- SCH code aﬁ&%&?@&ﬁ%ﬁ%@z}%ﬁ'ﬁe%ﬁl Iegé/cgr 1.25 MHz, which can be nutually
ai o)

or t hogonal , In sy timn etection and BCH BWi ndi cati on.

Addi ti onal | equen synchrani zation i.s perfo d., S-SCH channel.
code sequerﬁ%‘l}i‘ﬁ are t%ﬁ‘géw Hgo ]Pn%.Stfg 1@,5@&3%@6?@&@8 ﬁ%_lb? @?f_é’glph@led
appl i ed t o ¢gdahh & 8HHBMESS ofFF-S@H?B%H%ﬁ%@H%&%ﬁq}%&%&eF@u%’d7]49, 7B,

different subcarriers sets, out of the full avail able subcarriers,
for transmasdiT€hBlustrdecelbighisttonmeqpanceprnsording ol dspectsiifibs presantience

frequency (tone). mappin an depend on reuse factoy. 4n ct, .

I A S Sl R b o

set of systEFDSUREMO! bAnSlarytBfougl Sliaifo\Wr tbrréitics:d d¥idetibs ol hapaey and
synchronization code (PSC) sequence; the P-SCH is fransmitted over 1.25 MHz (Fig.
5A). It should be appreciated that all cells transmit the same PSC sequence; as



19 stored_} ry within the termnal (e.g., nenory

conduct i ﬂﬁbg%@{(ﬂ%ggui sition. Such information can all om?%@%%oﬂypn”s“%go
seam essly conduct cell search under a-plurality of acquisition
sequences (e.g., acquisition sequences 725, 750, 775).

[ 0058] Successful search acquisition by a term nal depends on channel
conditions (e.g.,, SNR, SINR). Termnals.wt oqQr channel quali .

i ndi cat or s & g{ﬁ%ﬁ q%_o BIthe SEoHERCSicep fr,buf i ot ﬂ\aﬁ%ﬁ f%@?la%wi%@ﬁgrfﬁﬁﬁid@%ﬁ%
wirel ess C oY ueAdd @.%.,!Za%ﬁ‘—(‘m&J%qﬁéhc@ﬁﬁ@ﬁﬁsiﬂﬁaﬂﬁméﬁ-s@quen@é}%et}cﬁﬁ%B&é)n
140). To increase the likelihood a term nal can succeed at cell _
acqui si t i osequsyer n dsemienon  psarlbhoisesaquendendfor Fegiiowy samchvenizasioayed

State. P QRPSORKAA 7o Peigk o7, SRR FBs Tty i BT e iR R80% e

that has coeRhei9dyr@rbniAabricold BSSC)(S@&{MB&;@S@H&&%M@H%QE@ pobase,
station 140 in a service cell 810, relays cell information to two
unsynchr oniEgd> Ak rinianasrecs 15 oxled tegmvenagll Bhinfepépnasgecnsoniranshgien

condi ti ons, ary, service.cell,; 8101 s X n toi
Sonrbt of ol SR AF EndRh X0 SR Ul Sl BT RORR mulliter bf oGl .56
covers a spaw. flt & natiahfeasieesl UBcodah bE coBldyedoAIoHitsi @n,7406CP nal

120 stores the P-SCH, S-SCH and BCH code sequences in a nenory. (e.g.,
menory 126 yluraken.qosadink systerp bpadwidihs and ethaehstes wENMBiop peragaiidh)
cell infor i Ihat, i G rern

to establi gﬁh{é@?ﬁlve Cé%%ﬁ%eﬁrﬁ%&cﬁ%t%&énﬁ%@‘éﬁ%&% ﬁ%;g%%g{gﬁg %Iltq?bosnﬂvﬁ@
(e.g., basé¢Figt at).adnsHotl] be Ggairbciaed) thas CPitmmng egubndesctédaltpr symbojuences
725, 750, and 775 re relayed_to termpal 815, via link 01, and
terninal 8%8‘}“4%2145?@?@ g9 Brrihsymers o R drosarpnsB OFdee
termnal s gatetdaly mtéwﬁmggﬂaés%baﬁ%@ 882-dub iﬁ&%?h{i'%‘é added at the

conditions with an access point . base station 140). It is noted
that in systesime8Q., beprcesadr 1220 afterfemiency-dymaih merduledion bas besde

Station doganiatit Lol S r Sl e M SHEPoRot febre FF T

sequences @fatdi \delcBbibf @18 BCH, enpl oyed bandw dt h need not be
t he sane bandw dth enpl oyed by base station (e.g., 1.25 MHz or 5
MHz) . [005 ayi ng | zati L 1.0C e
Compi exi ty NN o m ndf HRaRG AT dcRilshith SFRhe SRR ECRIPORM o1
t o i ncr easispmbaldmmdarg ahd OF towiephleadg ddwdmgtafgat B-S(bsdqaetcer Tvap

t i nal | i nf ti i f hedul ed ti . €.0,,
ormnal can el v, Lol OLTPL Lo 30,5866 SClESH ST, LS 1
ATRI, as sBeysititn. dr@eddan fed.syhibel in?e@ferérfce %lftos‘éhﬁjenté@s @a?ﬂ{e‘%ﬁth%k@rgﬂ,te}.@,t

such tinmes and tine intervals are only exenplary, and relaying can.
t ake pl ace Véalshrblagarmartd@odelibomieren othensesiuenvds tant leer apatesplatgdaglarh withines

b d i i nal.’ (e.q, 12
Corninar sigcrpPeSt hEMRT ivielPTart it &aleies T8 ArirbRe oaf e el
di fferent tRhshinddk sfehered PRC ednuktéddl MadhoaldBRiappetidfed that@RoR SetB@VRI of

resources, antenna configuration, etc. Atermnal's processor (e.g.,
processor FPou§Hedgmadirdion|od detaeotheiiban Heinie ¢ wilohtedpaicaysamgbeof cel |

| nfor Mt | Ol e IhSESEEther B SRR RLAGHSSAL, SARALIA 4l 98Tl B8

rel aying o of ma € casé Wher el Ing tine interva
can be ti neegpreacisfttansmitedaytnp28 iz (Fig.aByakd dasighad tddwsorise 1024

asynchronous, and termnal diversity (e.g., presence of seyeral, .
synchr oni  bapeiBrsw. i o4 compYRe gl%alh 1P Eidgsongdpecaiingir %&Pﬂﬁéﬁ%d’fba
Wi th T ow S%ﬁ&ﬁcaﬂ-he HROOT 3Pz G 5 THITR SRRt &30 BCH E&E%E%xﬁeﬂles are

still can synchronize and receive data while poor cdnmunicati
condi t i ons deinbtiulatelaseh stakeion cpey sitet systdm irdomuttiod as katiopavierna

di i ti | trol ti di ati d A |
oo or el ondpRim i BOaRT s e IBE L R P b kit R heghges of

information transmitted in the BCH can scale with channel bandwidth. Furthermore,

sequence 750 allows for a variable transmission bandwidth for broadcast channel, thus



pr edet er 1 [ , a synchronized termnal (e.g., terg an
receive arurgigﬁ%zozggguence from base station indicating tgb?@kﬁ%é&%&
relay period (e.g., AA--TQ ATI. Angrtificial intelligence
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e.g., the P-SCH and the remaining bits in the S-SCH. At 790, BCH code sequences are
transmitted over 1.25 MHz or 5 MHz depending on system bandwidth (Fig. 5B), and

convey CP duration, system BW information, and other system information.

[0057] It should be appreciated that after an initial cell acquisition is completed,
a terminal (e.g., user equipment 120) can exploit the accomplished frequency
synchronization to perform neighbor cell search. In time-synchronous systems, a
terminal that has completed cell acquisition possesses time synchronization with
neighboring cells, therefore peripheral cell detection is reduced to identifying the cell ID
of neighboring cells and other critical information such as antenna configuration at the
peripheral cell transmifters. Instead, in the case of an asynchronous system, a terminal
needs to repeat full cell search for peripheral cells. It should further be appreciated that

codes sequences transmitted by a base station in connection with cell detection can be
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transmits synchronization code sequences continually in a substantially similar manner

as a base station does. Additionally, when relaying synchronization code sequences of
P-SCH, S-SCH, and BCH, employed bandwidth need not be the same bandwidth
employed by base station (e.g., 1.25 MHz or 5 MHz).

[0059] Relaying synchronization information can increase complexity of
terminal (e.g., terminal 120) architecture, in addition to increasing communication
overhead. To mitigate the latter, a terminal can relay information at specific scheduled
times, e.g., {Tp, TQ, Tr}, during specific time intervals, e.g., {Atp, Atg, ATz}, as shown in
diagram 850, Fig. 6B. It should be appreciated that such times and time intervals are

only exemplary, and relaying can take place at many other distinct times and intervals.
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subcarri er gy aspect, cell-search relaying can be employed in environments where voice, video, or

data wireless transfer, or any combination thereof, are mission critical. In an aspect,

such environment can be an urban battle ficld, where substantially undisrupted wireless
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[0063] Figure 10 illustrates the architecture of a system 1000 in which user

equipment 1020 simultaneously acquires multiple cells, with cell emitters 1040;-1040,
during frequency reuse operation. Upon selection of a subcarrier set, a base station
(e.g., base station 1040k, with 1 <K <L) maps synchronization channel (P-SCH and S-
SCH) and broadcast channel cell-acquisition code sequences onto the selected set of
sub-carriers, and transmits those codes at the center of the selected subcarrier subset.
Terminal 1040x can employ a terminal-specific bandwidth for the selected subcarriers.
In an aspect, such a bandwidth is the minimum between 1.25 MHz and the frequency
span of the selected subcarriers. User equipment 1020 possesses an architecture that

enables it to detect simultaneously a set of L data streams. Such L streams correspond
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While, for purposes of simplicity of explanation, the methodologies are shown and
described as a series of blocks, it is to be understood and appreciated that the claimed
subject matter is not limited by the number or order of blocks, as some blocks may
occur in different orders and/or concurrently with other blocks from what is depicted
and described herein. Moreover, not all illustrated blocks may be required to implement
the methodologies described hereinafter. It is to be appreciated that the functionality
associated with the blocks may be implemented by software, hardware, a combination
thereof or any other suitable means (e.g., device, system, process, component, ...).
Additionally, it should be further appreciated that the methodologies disclosed

~ hereinafter and throughout this specification are capable of being stored on an article of
manufacture to facilitate transporting and transferring such methodologies to various
devices. Those skilled in the art will understand and appreciate that a methodology
could alternatively be represented as a series of interrelated states or events, such as in a

state diagram.

[0065] Figure 11 displays a flowchart of a methodology to perform cell
acquisition. At act, receive P-SCH, S-SCH, and BCH code sequences carrying cell
information. Such information can comprise OFDM symbol boundary, frequency
synchronization, radio frame boundary, cell identification, cyclic prefix timing, BCH

bandwidth indication, system bandwidth, and other system information such as base
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performed the cell search at act 1210. Such memory can be memory 126. The relay of
cell information through transmission of the stored code sequences is accomplished at
act 1230. In an aspect, the bandwidth employed for transmission of such code
sequences is determined by the capabilities of user equipment performing the
information relay, and such bandwidth can be different from the bandwidth employed

by base station to convey the code sequence to relaying user equipment.

[0067] Figure 13A/13B is a flowchart of a methodology to transmit/receive cell
information employing frequency reuse in a cellular wireless communication system.
Referring initially to Fig. 13A, at act 1310 frequency reuse of order L is determined. In
an aspect, in OFDMA such frequency reuse can result in a selection of L subsets of
subcarriers out of the whole set of available subcarriers compatible with the system
bandwidth, and subsequent adjudication of such L subsets to L cell transmitters (e.g.,
base stations 1040,-1040;; see also Fig. 9). Such determination is normally the result of
an operator adhering to a standard of wireless communication (e.g., 801.11b, 801.11g,
3G LTE). Atact 1320, cell information is transmitted using the determined L subcarrier
subsets. Referring next to Fig. 13B, at act 1355 cell information is received from L
subsets of subcarriers. In an aspect, information is detected by user equipment with
adequate architecture (e.g., user equipment 1020) to detect P-SCH, S-SCH and
demodulate BCH simultaneously for all L code sequence transmissions. At act 1365,

cell information is extracted from each of the L. subsets of subcarmiers.

[0068] Referring now to Fig. 14, a system 1400 that enables receiving code
sequences of primary and secondary synchronization channel symbols is illustrated.

System 1400 can reside, at least partially, in a wireless device (e.g., user equipment 120)



9. The a r f claim7, the processor further conf]
transmthaéﬁ@‘@é& ode sequence in a broadcast channel Fﬁf}‘gg%&{\?}@?
at least one of the cyclic prefix durajon and system bandw dth.

10. The apparatus of claim 7, the processor further configured to
transmt the code sequence over 1.25 MHz. | | .The apparatus of claim

Zequbnch. ogB b R VASE bbb bR s SHERPR o
Mz, and O\Il?l\;alzeﬁiem—f% bg@qﬁo&éagor%yaﬁ REcHGNEWadhile, SAYRALEEHBIRRY Y thercof
equal to 5 . 12.The apparatus of claim /7, the processor further

confi gur ed (¢.g. fimrawsre).t Irsparsguas systam it 40Gainciities clogeabgqueing 410 @8
13. The app&rg tus of clai he .processor further cinf.i ured.to

7, t
Cransmit o CRSHUNSEOPBORS Y97 5HB CBRIUAGIR- JB AR 2SeGh TR grouping 1410

includes an electronic component 1415 for receiving a code sequence of primary
synchronization channel symbols (see, e.g., Fig. 4) that conveys at least one of a cyclic
prefix duration, a part of a cell identification code, an indication of broadcast channel
bandwidth, and facilitates orthogonal frequency division multiplexing symbol boundary
detection, slot boundary detection, and sub-frame boundary detection. In addition,
logical grouping 1410 includes an electronic component 1425 for receiving one or more
code sequences of secondary synchronization channel symbols (see, e.g., Fig. 4) that
convey at least one of a radio frame boundary, a part or a whole cell identification code,
and an indication of a broadcast channel bandwidth. Furthermore, logical grouping
1410 comprises and electronic component 1435 for receiving a code sequence of
broadcast channel symbols (see, e.g., Fig. 4) that conveys at least one of a cyclic prefix
timing, and the wireless system bandwidth. It is noted that electronic component 1435
further includes electronic component 1438 for receiving a code sequence of
synchronization channel symbols transmitted over 1.25 MHz (sce, e.g., Fig. 5A), and
electronic component 1441 for receiving a code sequence of broadcast channel symbols

transmitted over 1.25 MHz or 5 MHz (see, e.g., Fig. 5B).

[0069] Additionally, system 1400 can include a memory 1450 that retains
instructions for executing functions associated with electrical components 1415, 1425,
1335, and 1438 and 1441, as well as data that may be generating during executing such
functions. While shown as being external to memory 1450, it is to be understood that
one or more of electronic components 1415, 1425, 1335, and 1438 and 1441can exist

within memory 1450.

[0070] What has been described above includes examples of one or more
aspects. It is, of course, not possible to describe every conceivable combination of
components or methodologies for purposes of describing the aforementioned aspects,
but one of ordinary skill in the art may recognize that many further combinations and
permutations of various aspects are possible. Accordingly, the described aspects are

intended to embrace all such alterations, modifications and variations that fall within the



14. The qu@&ﬁkHiBQf claim9, the processor further con%&gﬁﬁﬁ@g&%@?
. e

transmt a request to relay the second code sequence.

apparatus of claim 12, the processor fayther configured to
tenporarily stop transmtting the code sequence in the dowlink to
reduce over head. 16. The apparatus of claim 13, the processor
further configured to orarjly stop.transmtfgi t.he oy nore
code sequefiPt a’i“ﬁsctoﬂg 01{1 npppffﬂgefl \8/13?18‘?1 ﬁ#@%ﬁ’%ﬁ?&ﬁg extent tﬁeg%l?e {e’me
appar at us efnchldad ik hdod MRELEIRE B&ENEd dddbhiiRm o IR ¢18idse6hch@erm is intended
tenporarily stop transmtting the second code sequence in the

downl i nk t & bedgbeiveve e meadsr similar to th@tenTheorapipangt ass compesagms7,
further co%gri§Hq9 n artffifg%i thfkﬂfgerqga%eu onent that infers
when to sen mgt?%qﬁég%m?goy% d? FHRtosde equence to a synchroni zed
term nal based at least in part on instantaneous or tenporally or
spatially averaged channel quality indicators of synchronized
termnals in a cell. 19. The apparatus of claim?7, further
conprising an artificial intelligence conponent that infers when to
send a request to relay the one or nore code sequences to a
synchroni zed term nal based at |east in part on instantaneous or
tenporally or spatially averaged channel quality indicators of
synchroni zed termnals in a cell. 20. The apparatus of claim
9, further conprising an artificial intelligence component that
infers when to send a request to relay the second code sequence to a
synchroni zed term nal based at least in part on instantaneous or
tenporally or spatially averaged channel quality indicators of
synchroni zed termnals in a cell. 79 21. The apparatus of
claim7, the processor further configured to schedule a



time and a tinme interval in which the apparatus operates with
frequency reuse. 22. An apparatus that operates in a wreless
communi cation systemw th orthogonal frequency division nultiple
access, the apparatus conprising: 26 multiple detection conponents
that acquire sinmultaneously nultiple cell information in nmultiple
subcarrier intervals; a processor configured to process the multiple
cell information; and a nenory coupled to the processor for storing
dat a. 23. An apparatus that &be¥d%s in a wirel ess

comuni cation system the apparatus conprising: means for

receiving a code Seﬂﬁlg[%}%‘?atﬁ’g th?‘t (@fefa'ﬁ%rlﬁ(a RRRL Qd?ﬁlﬁé'ﬁlhé%&}c‘s?&%ﬂeﬂhet hat

conveys at |east one of a cyc prefix duration, a part a cel
identificaﬂmammﬂmdwusagd an indication of a broadcast channe
bandw dt h, and_facil itate di vi si on exi ng
ool “boundas 3RSk BhRRu el 1B 0e Ol SRR inSrp g SulihiAlg
boundary deeetharonvaneat least one!T(HEH’tS,/cfi@pleﬁE@&llaﬁbiﬁ]gt [ﬁﬁ&)f@l’cemeﬁtlﬁ@ﬁen
sequences O a secondary synchronl zation chann hat convey at | east

one of a FX PdrandngicHisihadabyoadaist C*&"*‘?J&F”t‘d%*ﬁthtﬁ‘@j%’éllliFaf?SdéWPE?'l%atl on
code, andﬂ%&l%nbmﬁk/%%'191511:191%;;11}1@%%/196(9%@8%'&3/ ghanies] s[cpc%gl‘{\ﬂa% E‘etectlon and

24. The apparatus of claim?2 urther conprising neans recel vi ng
a second aubdisasebeiedeiy dstecon rod thoetiveitem elore pate S@@rweegss n atsedopdaty

one of t h?yn@ﬁ%h fzgtscmceﬁfa!'u%(el qﬁ‘i @(gnv%y a egst e éfea racti)%r%gamedboundary, all or part of

the cell identification code, and the indication of the broadcast channel bandwidth; and

a memory coupled to the processor for storing data,

2. The apparatus of claim 1, the processor further configured to receive the
code sequence in the primary synchronization channel in a first time interval and to
receive the one or more code sequences in the secondary synchronization channel in a

second time interval.

3. The apparatus of claim 1, the processor further configured to receive a
second code sequence in a broadcast channel that conveys at least one of the cyclic prefix

duration and system bandwidth.

4, The apparatus of claim 1, the processor further configured to relay the
code sequence to a terminal in the wireless communication system that has failed to

acquire cell information from a cell base station.

5. The apparatus of claim 4, the processor further configured to schedule a

time to trigger the relaying of the code sequence.

6. The apparatus of claim 5, the data stored in the memory includes the

scheduled time to trigger the relaying of the code sequence.



25. The apparatus of claim 24, further conprising: means for
recei ving code sequences of the primary and secondary synchroni zation
channels transmtted over 1.25 MHz; and means for receiving the
second code sequence of the broadcast ZZhannel transmtted over 1.25
MHz or 5 MHz. 30 96. A nmachi ne-readabl e nmedi um conpri si ng

i nstructions which, when executed by a nmachine, cause the nmachine to

perform operations including: recei ving a code sequence of a
primary synchreni zaAh@ppamamg oﬁeﬂ@és if AWMRYSs %.nlhﬁﬁs,&nom?st% @eCyclic
prefix duration, a part of a cell identification code, and

|ndlcatloﬁpmﬁmﬁﬁmwmwﬁﬁﬁst channel bandwi dt h, and faC|I|tates

orthogonal fre di | e nbal _boundary detection,
sl ot boundary %g%@g%?todﬁ}éhgmgg tor%ir*slrnﬁ:r?e@% ggen él}ce ! a 111 ary SHXIC]H m tron
receiving clmeelohatrmm&yc aideass eqpiecesliOprefix aeﬁdaﬂaargalt&ymhn Qdeh#@Atdtion

par 1 of t Roiec I &4 AR O bt al T Kl At BaLFoR fhogesl

br oadcast ﬁ@ﬁlﬁaﬂ@)@hwt%%q%mhiéxm@@?mbol boundary 8&8it\6h n@ot%oﬁﬁ&@f‘@et@&gﬁ and
sequence of br oadcast channel conveys at 1 east one of

cyclic prafbi-famepandary defrgtieysnein s e bt mpr wdﬁa@h:ﬁmsmeadabl e
medi um COQ&BH@J[@%MH%HZH&H 8{%11%&? Q(’)nvve\’pgpleast one of a radio frame boundary, all

or part of the cell identification code, and the indication of the broadcast channel
bandwidth; and

a memory coupled to the processor for storing data.

8. The apparatus of claim 7, the processor further configured to transmit the
code sequence in the primary synchronization channel in a first time interval and to
transmit the one or more code sequences in the secondary synchronization channel in a

second time interval.

9. The apparatus of claim 7, the processor further configured to transmit a
second code sequence in a broadcast channel that conveys at least one of the cyclic prefix

duration and system bandwidth.

10, The apparatus of claim 7, the processor further configured to transmit the

code sequence over 1.25 MHz.

I't. The apparatus of claim 9, the processor further configured to transmit the
second code sequence over 1.25 MHz when the system bandwidth is smaller than 5 MHz,

and over 5 MHz when the system bandwidth is greater than or equal to 5 MHz.

12. The apparatus of claim 7, the processor further configured to transmit a

request to relay the code sequence.



executed by a nachi ne, cause the machine to perform operations

conpri si ng: transmtting over 1.25 Miz a code sequence of a
primary synchronization channel that conveys at |east one of a cyclic
prefix duration, a part of a cell ide®8ification code, and an

i ndi cation of a broadcast channel bandwi dth, and facilitates _
orthogonal frequency division nultiplexing synbol boundary detection,
sl ot boundary detection, and sub-franme boundary detection; and

transmtting oyer Ir2s, Mz Qe Qlm a%spfoe&%oﬁﬁm-a&-% ﬁggﬁéda)f§;§§§nm%ary

synchroni zati on channel "that convey at | east one o radio fTr
boundar y, reghést &y reparthe afe arimeore edde seqientdsf i cati on code, and the

i ndi cation of the broadcast channel bandw dth. 98. A nethod used in a
wirel ess communi cations system the nmethod conprising:

receiving a cotie sefuepperatild oficiin FRhY pRYeRHr RRh&abhBgureNANRBkmit
(P-SCH) that conveys at |east one of a cyclic prefix duration, a part
of a cel | "IHENTq IR AR FROULWEE SUWE"Sn i ndi cation of a broadcast
channel bandwi dth, and facilitates orthogonal frequency division

mul ti pl exi ng symbol boundary detection, slot boundary detection, and
sub-frame bountfary testappaiatgof clgiin 12, the proegsetnfimier onefi prednortengwedy

sequences_l N, r chroni zat j on..channel ( SS( t hat convey
at | east ?)thgt%%sagﬁﬁggl?eo%fd ?é%euel%dﬂﬁgrdﬁw ngPP%olrg g%cgﬁve‘@?égq‘he cel |
identification code, and the indication of the broadcast channel

bandw dt h; recei ving a second code sequence in a broadcast |
channel (Bor) fhat EEmPRYRNAET FaRa | dhePiarest iaudyes e gt o mepraily on

and syst egppantwlidingihedid or more cAIeQERRAEARG ﬂ]@%u@ﬁﬂl&'%ﬂ%&%eiﬁeﬂ@ﬁ%
P-SCH, S-SCH, and BCH, and extracting cell information conveyed by

t he code sequences.
7. The apparatus of claim 14, the processor further configured to temporarily

stop transmitting the second code sequence in the downlink to reduce overhead.

18. The apparatus of claim 7, further comprising an artificial intelligence
component that infers when to send a request to relay the code sequence to a
synchronized terminal based at least in part on instantaneous or temporally or spatially

averaged channel quality indicators of synchronized terminals in a cell.

19. The apparatus of claim 7, further comprising an artificial intelligence
component that infers when to send a request to relay the one or more code sequences to
a synchronized terminal based at least in part on instantancous or temporally or spatially

averaged channel quality indicators of synchronized terminals in a cell.

20.  The apparatus of claim 9, further comprising an artificial intelligence
component that infers when to send a request to relay the second code sequence to a
synchronized terminal based at least in part on instantaneous or temporally or spatially

averaged channel quality indicators of synchronized terminals in a cell.



29. The nethod of claim 28, further conprising: recei ving code
sequences in the primary and secondary synchroni zati on channel s over
1.25 MHz; and receiving the second code sequence in the broadcast
channel over 1.25 MHz or 5 MHz. 30. THR& nethod of claim 28, further
conpri si ng: storing the cell information extracted fromthe

rimry and secondary synchroni zati on channel s, and the broadcast
(F:)hannel and rél-ayi M aPR&ralis of clati érthapiogessor further configurqhie sehedbep of

clai m 30, mfnew%m%%%laﬁ nwuézph@qh%drﬁgs chdtf®B it ﬁécﬁtleﬁ%’iy &, cel |
0 re

i nformation. . An electr I ce con to execute
t he net hod of cIa|n128 33 A nethod used in a wirel ess

communi cat | OnSnySt/gmappara usn%at 0pe1 ates in a wireless communication system with

orthogonal frequency division multiple access, the apparatus comprising:
multiple detection components that acquire simultaneously multiple cell
information in multiple subcarrier intervals;
a processor configured to process the multiple cell information; and

a memory coupled to the processor for storing data.

23, An apparatus that operates in a wireless communication system, the
apparatus comprising:

means for receiving a code sequence of a primary synchronization channel that
conveys at least one of a cyclic prefix duration, a part of a cell identification code, and an
indication of a broadcast channel bandwidth, and facilitates orthogonal frequency
division multiplexing symbol boundary detection, slot boundary detection, and sub-frame
boundary detection; and

means for receiving one or more code sequences of a secondary synchronization
channel that convey at least one of a radio frame boundary, all or part of the cel}

identification code, and the indication of the broadcast channel bandwidth.

24, The apparatus of claim 23, further comprising means for receiving a
second code sequence of a broadcast channel that conveys at least one of the cyclic prefix

duration and system bandwidth.

25. The apparatus of claim 24, further comprising:

means for receiving code sequences of the primary and secondary synchronization
channels transmitted over 1.25 MHz; and

means for receiving the second code sequence of the broadcast channel

transmitted over 1.25 MHz or 5 MHz.



conpri si ng: transmtting a code sequence of a primary _
synchroni zation channel that conveys at |east one of a cyclic prefix
duration, a part of a cell identification code, and an indication of
a broadcast channel bandw dth, and fadllitates orthogonal frequency
di vision mul tipl exi ng synbol boundary detection, slot boundary
detection, and_sub-frane boundary detection 32 transmtting
one or nore cotfe see%queﬁhleewt%ﬂda%!eg@émwﬁweymmﬂbﬁrl%&wﬁh cHehnel

t hat Convg%cé‘tredbl?ﬁ%{acf?ﬂg é&tseathéf’nf‘%blghé{o oRRY Qtréfoi’ “t Llldug% Opart of

the cell 1dentification co |cat adcast
channel bandmndﬁmvmandodeﬁmummﬁaﬁsnnmanﬂgnan@eaﬂmdCbmﬂel$equmnqeatn a

broadcast , channel_ that c aone,of. .t cycli refix.
duration le?ﬁ% OE%ta?ﬁ ELt i (fﬁ’y'la 1or apalfi%ftf eillﬁ‘eenﬂgf 54 Céﬁ 31“&?%1@?3“0“
further cofgisiosddag chﬁ:ﬁﬂ‘o‘ﬁdrid'?]mdtﬁ afhaden1myﬁ1m1¢@emfﬁdehhegzprdwmw and f
secondar hronlzatlon channel s, and the second code sequence 0

t he broaéeaﬁtp e EPe! nrdayidsseitne gigkbRYpday dstection, and subsfrantne

met hod 0fb&hﬁh@%§§cn&he code sequences being a Wl sh-Hadar nar d
sequence. . The nethod of claim 33, the code sequences being
a Gold sequenc@cmvmgOneQﬂmomhedﬁemheumeﬁf&ﬂ%@nﬁ&%&ynﬂhen@@umc@emuences

being a p L

code sequ@%ﬁ%ﬂ(}%’e?[ﬁ{agagg&% Eadlo|ﬁé“r1fetbﬁ“%d§qyuglr%(%p?'ﬁﬁ)ftga cgl %8 1t1f3mtt0n
code, and the indication of the broadcast channel bandwidth; and

receiving a second code sequence of a broadcast channel that conveys at least one

of the cyclic prefix duration and system bandwidth.

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

transmitting over 1.25 MHz a code sequence of a primary synchronization
channel that conveys at least one of a cyclic prefix duration, a part of a cell identification
code, and an indication of a broadcast channel bandwidth, and facilitates orthogonal
frequency division multiplexing symbol boundary detection, slot boundary detection, and
sub-frame boundary detection; and

transmitting over 1.25 MHz one or more code sequences of a secondary
synchronization channel that convey at least one of a radio frame boundary, all or part of

the cell identification code, and the indication of the broadcast channel bandwidth.

28. A method used in a wireless communications system, the method
comprising:

receiving a code sequence in a primary synchronization channel (P-SCH) that
conveys at least one of a cyclic prefix duration, a part of a cell identification code, and an
indication of a broadcast channel bandwidth, and facilitates orthogonal frequency

division multiplexing symbol boundary detection, slot boundary detection, and sub-frame

boundary detection;



39. The nethod of claim 33, the code sequences being a generalized
Chirp |ike sequence. 40. The nethod of claim 33, the code
sequences bei ng any conbi nati on of a Wil sh- Hadamard sequence, a Gold
sequence, a pseudonoi se sequence, a meimum | ength sequence, and a
generalized Chirp |ike sequence. 4LAn el ectronic device configured to
execute the nethod of claim 33. ) o
recelving one or more code sequences in a secondary synchronization channel (S-
SCH) that convey at least one of a radio frame boundary, all or part of the cell
identification code, and the indication of the broadcast channel bandwidth;
receiving a second code sequence in a broadcast channel (BCH) that conveys at
least one of the cyclic prefix duration and system bandwidth; and
processing code sequences in the P-SCH, S-SCH, and BCH, and extracting cell

information conveyed by the code sequences.

29. The method of claim 28, further comprising:

receiving code sequences in the primary and secondary synchronization channels
over 1.25 MHz; and

receiving the second code sequence in the broadcast channel over 1.25 MHz or 5
MHz.

30.  The method of claim 28, further comprising:

storing the cell information extracted from the primary and secondary

synchronization channels, and the broadcast channel; and

relaying the cell information.

31, The method of claim 30, further comprising scheduling a time to relay the

cell information.

32.  Ancelectronic device configured to execute the method of claim 28.
33. A method used in a wireless communications system, the method
comprising:

transmitting a code sequence of a primary synchronization channel that conveys
at least one of a cyclic prefix duration, a part of a cell identification code, and an
indication of a broadcast channel bandwidth, and facilitates orthogonal frequency
division multiplexing symbol boundary detection, siot boundary detection, and sub-frame

boundary detection;



32

transmitting one or more code sequences of a secondary synchronization channel
that convey at least one of a radio frame boundary, all or part of the cell identification
code, and the indication of the broadcast channel bandwidth; and

transmitting a second code sequence in a broadcast channel that conveys at least

one of the cyclic prefix duration and system bandwidth.
34, The method of claim 33, further comprising transmitting code sequences
of the primary and secondary synchronization channels, and the second code sequence of

the broadcast channel, employing frequency reuse.

35.  The method of claim 33, the code sequences being a Walsh-Hadamard

sequence.
36.  The method of claim 33, the code sequences being a Gold sequence.
37.  The method of claim 33, the code sequences being a pseudonoise
sequence.
38.  The method of claim 33, the code sequences being a maximum length

sequence {M-sequence).

39.  The method of claim 33, the code sequences being a generalized Chirp

like sequence.
40.  The method of claim 33, the code sequences being any combination of a
Walsh-Hadamard sequence, a Gold sequence, a pseudonoise sequence, a maximum

length sequence, and a generalized Chirp like sequence.

41.  An electronic device configured to execute the method of claim 33.



