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BACKGROUND

1. Field
{0002) The present disclosure relates generally to communication, and more

specifically to techniques for searching for cells in a wireless communication system.

II.  Background

[0003]  Wireless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
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
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further det ghdedRl @Wsystem bandwidth. In one design, each beacon signal may be mapped to

one subcarrier {(which is referred to as a beacon subcarrier) in the set of subcarriers in
each symbol period in which the beacon signal is transmitted. The beacon subcarrier
may be determined based on a beacon hopping pattern or a beacon code and may be
dependent on a cell identifier (ID) and/or other information being sent in the beacon
signal. The beacon signal(s) may be sent with time division multiplexing (TDM) or
frequency division multiplexing (FDM).

[0007] In one design, a UE may perform initial cell search based on the primary and
secondary synchronization signals transmitted by the cells in the system. The UE may
determine the system bandwidth, e.g., based on system information received from a

detected cell. The UE may determine a set of subcarriers usable for beacon signals
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synchroni zati on signal transm ssion for_an FDM design. [0013]FI GS.
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[0014] FIG 6 shows a beacon signal for one cell. [0015]FIG 7 shows
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a wireless communication system.

[0010] FIG. 2 shows synchronization signal transmission for a TDM design.

[6011] FIGS. 3A-3C show TDM beacon transmission for different system bandwidths.
[0012] FIG. 4 shows synchronization signal transmission for an FDM design.

[0013] FIGS. 5A-5C show FDM beacon transmission for different system bandwidths.
[0014] FIG. 6 shows a beacon signal for one cell.

[0015] FIG. 7 shows beacon signals for three cells.

[0016] FIG. 8 shows a block diagram of a Node B and a2 UE.

[06017] FIG. 9 shows a block diagram of a beacon signal generator at the Node B.
[0018] FIG. 10 shows a block diagram of a beacon processor at the UE.

[0019] FIG. 11 shows a process for beacon transmission by the Node B.

[0020] FIG. 12 shows an apparatus for beacon transmission.

[0021] FIG. 13 shows a process for beacon detection by the UE.

[0022] FIG. 14 shows an apparatus for beacon detection.

[0023] FIG. 15 shows a process for synchronization signal transmission by the Node B.
[0024] FIG. 16 shows an apparatus for synchronization signal transmission.

[0025] FIG. 17 shows a process for performing cell searches by the UE.

[0026] FIG. 18 shows an apparatus for performing cell searches.

[0027] FIG. 19 shows a process for FDM beacon transmission by the Node B.

[0028] FIG. 20 shows an apparatus for FDM beacon transmission.

[0029] FIG. 21 shows a process for FDM beacon reception by the UE.

[0030] FIG. 22 shows an apparatus for FDM beacon reception.



[ 0023] FIG 15 shows a process for synchroni zation signal transm ssion
by the Node B. [0024]FI G 16 shows an apparatus for synchronization
signal tr .55 [0025] FIG 17 shows a process for

cell searc egaﬂ%@és?%e HE. [0026] FIG 18 shows an appar a?ﬁ@%ﬁhmﬂﬁg
perform ng cell searches. [0027]FI G 19 shows a process for FDM
beacon transm ssion by the Node B. [0028] FIG 20 shows an apparatus
for FDM beacon transm ssion. [0029]FIG 21 shows a process for FDM
beacon reception by the HE. [0030]FIG 22 shows an apparatus for FDM
beacon reception. 4 DETA LEDEHESIBER DESCE®IPUITN t echni ques
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time domain with SC-FDM. To generate an OFDM symbol, symbols with non-zero
values may be mapped to subcarriers used for transmission, and symbols with zero
values may be mapped to remaining subcarriers. The K symbols may be transformed to

the time domain to obtain K time-domain samples. The last C samples may be copied

and appended to the front of the K samples to obtain an OFDM symbol containing K +
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Synchr oni zakiogsN6dIB@Yia transmissions on the downlink and uplink. The downlink (or forward
link) refers to the communication link from the Node Bs to the UEs, and the uplink (or

reverse link) refers to the communication link from the UEs to the Node Bs. In FIG. 1,
a solid line with double arrows indicates communication between a Node B and a UE.
A broken line with a single arrow indicates a UE receiving a downlink signal from a
Node B. A UE may perform cell search based on the downlink signals transmitted by
the Node Bs.

[0035] 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. Table 1 lists three types of synchronization
signals that may be transmitted by a Node B and provides a short description for each

type of synchronization signal.
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synchronization code (PSC) sequence, sent on a primary synchronization channel (P-
SCH), and referred to as a PSC signal. The PSC sequence may be a CAZAC (constant
amplitude zero auto correlation) sequence, a pseudo-random number (PN) sequence,
etc. Some example CAZAC sequences include a Chu sequence, a Zadoff-Chu
sequence, a Frank sequence, a generalized chirp-like (GCL) sequence, etc. A secondary
synchronization signal may be generated based on a secondary synchronization code
(SSC) sequence, sent on a secondary synchronization channel (S-SCH), and referred to
as an SSC signal. The SSC sequence may be a maximum-length sequence (M-
sequence), a PN sequence, a binary sequence, e¢tc. A beacon signal may be generated
based on a beacon code or a beacon hopping pattern and sent on a beacon
synchronization channel (B-SCH). The primary synchronization signal, secondary
synchronization signal, and beacon signal may also be referred to as simply PSC, SSC
and BSC, respectively. The beacon signal may also be referred to as a beacon
synchronization signal, a beacon, a BSC signal, etc.

[0037] The PSC and SSC for E-UTRA may be generated as described in 3GPP TS
36.211, entitled “Physical Channels and Modulation,” June 2007. The PSC and SSC for
UTRA may be generated as described in 3GPP TS 25.213, entitled “Spreading and
modulation,” May 2007. 3GPP documents are publicly available. The PSC and SSC
may also be generated in other manners, e.g., as described in the aforementioned
provisional U.S. Application Serial No. 60/828,051. The BSC may be generated and

transmitted as described below.
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may be sent near the PSC so that a channel estimate may be derived

based on t hi tPoemiied iups b@fomdhe Bohénr euifragetleend tha BHC lﬁﬁ@nm@d iPEebeBBEe
b t ..at Q
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design, all cel in sequence to
al | ow t he Usy tate @at.cmly rfuotbet bietimpesas eaderadio ﬁrzhms)andaialysbe tinfheted nt the
cells may transm S ence t o .al

Cdenti Ty t heths bl TR sSCarfLSn g atel st p i B ¢ hlob estimrtag
di fferent beagos dsowrdivagduatthePHS ah(Dus%H Ifggohérentdetection ofTiRNESE y ThIBSE
cells. [0042] A UE may op erat in one of several states such as LTE
Det ached, L’F‘Eylbats%m& YL“FEWA Pl i8gpdie 1aPs. t he LTE Det ached st ate,

the DIE has (6] acq&%ﬁ@@es@eamy&[& eMhBRGkdS nﬁ%rahﬂmetaxms bsc%ycﬁfeﬁég to
The UE may power up in LTE Detached state and rrgy t hereafter

transiti on edow ke UEEtQ dctectg‘i)ath@ weseneroindeseveslist dtideraporella e stenmgit

the system %ﬂﬁ 'S %riép t%setg'aﬁro{;vathé s th @dénggr %hg%%eéeﬂ'sel)?%f?éﬁ celiDfhatE

may have regi stere e system b and ave an
data to exchkn gmnsrmt tthe BEQWingn Kifferenti pkacok . hoppmg hettbfiE té dllev shalls to
the IJE and. & 5[3 SySt Jray have pertinent context
entify these e
[0042] A UE may operate in one of several states such as LTE Detached, LTE Idle
and LTE Active states. In the LTE Detached state, the UE has not accessed the system
and is not known by the system. The UE may power up in the LTE Detached state and
may thereafter transition to the LTE Idle state or LTE Active state upon accessing the
system and performing registration. In the LTE Idle state, the UE may have registered
with the system but may be idle and not have any data to exchange on the downlink or

uplink, In the LTE Idle state, the UE and the systemn may have pertinent context



8 information to allow the UE to quickly transition to the LTE Active
state. The LTE may transition to the LTE Active state when there is

data to senglmgossegei ve. In the LTE Active state, the pErgmoopekicyel y
comuni cate with the systemon the downlink and/or uplink. [00431The

UE may performinitial cell search, e.g,, in the LTE Detached state
at power up, using a three-stage proces%. In one design, the

t hree-stage process nmay include: 1. PSC detection stage - a. Detect
for cells based on the PSC transnmitted by the cells, b. Qobtain synbol
timng for BAeages kcallew BeUE togiiskly trangitiphia be LIEARINE ptabst f@@tU%may
channel res f.ar — Lop: St -
Corain framerarg pEPIE ARMETECIET ars ™ BRGoR T RLrer caa LT
det ect ed celktitragtse thnUEheeyS8avely aommniced whith thhsysteel ¢n thaddwalink and/or
Br oadcast cgaﬁmel (BCH) denodul ati on stage - a. Cbtain system

bandw dt h, c]§/c ic prefix length, and other systeminformation from
t he BCH of §0d8} ectlbd (Gehlay peford il cthaeed?Sf; edetiaché DNESdaghed tthee at

synbol and frane tim ng g@_é be unknown,_ so tcyue_ ngﬁr%}/ correlate a
recei ved si BREF W18 1 SEETFHEGRINETSt 8 PSS ERuEC B SBAgr I Teeh Py
timng hypotfeeses (or tinme offsets) in order to detect for PSC
sequences transmtted by the cells. For the SSC detection stage, the
synbol timng 1nayg@gct5a@mta§50m t he PSC detection stage, but there

may be many SSC hypot heses (e.g., cell 1Ds) to test. The TIE may
correl ate the reteilReiagt o geiksl baggdian th P$ e rappmitiesklayi the eclSSC sequences

in order to detegt 3 ) . d by each cel |
| order, £ det el iy LEnPRnALAKENG Gkt RS bhed DY

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

2. SSC detection stage -
a. QObtain frame timing for each detected cell, and

b. Identify each detected cell based on the SSC transmitted by the cell; and

3. Broadcast channel (BCH) demodulation stage -
a. Obtain system bandwidth, cyclic prefix length, and other system information

from the BCH of a detected cell.

[0044] For the PSC detection stage, the symbol and frame timing may be unknown,
so the UE may correlate a received signal with a locally generated PSC sequence at
different timing hypotheses (or time offsets) in order to detect for PSC sequences
transmitted by the cells. For the SSC detection stage, the symbol timing may be known
from the PSC detection stage, but there may be many SSC hypotheses (e.g., cell IDs) to
test. The UE may correlate the received signal with different possible SSC sequences in
order to detect for the SSC sequence transmitted by each cell detected by the PSC
detection stage.

[0045] After the initial cell search, one cell may be selected to serve the UE. The
UE may communicate with this serving cell in the LTE Active state or may camp on
this cell m the LTE Idle state.

[0046] The UE may perform neighbor cell search, e.g., while in the LTE Idle state
or LTE Active state, to look for better cells than the current serving cell. For the

neighbor cell search, the UE may already have certain information such as the system



[ 00451After the initial cell search, one cell nmay be selected to
serve the UE. The UE may conmunicate with this serving cell in the
LTE Activ may camp on this cell in the LTE |

[ 0046] Themg‘ﬁ%@sggearform nei ghbor cell search, e.g., V\gbfe%ﬂﬂ&@ 3eﬁgLTE
Idle state or LTE Active state, to | ook for better cells than the
current serving cell. For the neighbor ell search, the HE may

al ready have certain information such as the system 9 bandw dth,
synbol and franme timng, and cyclic prefix length. In one design, the
UE may sear bzkndﬁvdﬂthmh@hbmrd fraht sming, end celliatpreftr lehghr do eny debig, gredlE

wth different bIe ence
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it is powered on. Hence, |ow search n? exity may be 1\1
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consunpt i OnCOI{tlggé]lﬁ; éé}fo% 1?3 Felpg amb‘%l Cﬁ c’lé BE@%& %n mak—?fenleg 10‘67 search

performed base eacon s ransm e cel

si gnal incl u«itmslehtygﬂnapbwhtghlyadasmuﬁiafai mt@h@ ceﬁcsmpohnanolsiel(ie 1gdqcedmatta:me
or few subcarri ersg that may be much higher in power conpared to

ot her si gnaPRVEFOREPY9%er data signals. The beacon signal may be

conposed of [@4FEquUeneLabctDeAEORr SANRAICE malybe PBFotiRAIbgSd 0d DReRALnals
synbol for one heacon signal 1s_an OFDM synbol in_which all or a
| ar ge fract fawuated B fbfmcallis céy peacpn wmpt msbidey hish pryey tegpwhl signal

subcarrier. c&rﬂpc‘fﬁcﬂﬁrﬁe%esérg%e R BEAGHBarSYRP Aat TRY B@‘fﬁhdﬁ' llugﬁlfr R parge
fraction of the total Cell transmt power on a shal

subcarri er s compared ftarothey, signals fush | aswisey dalestgiabt i Gﬂilel ‘%eaﬁfﬁlr sngm:} TS |bgn
in which a @&ﬁ%@s@d 3k 9@ ueh'?eegf 126 %iprg)%fsr |8 onk e géfha S%eRel nﬂa%? FQdden

whi ch the beacon sig transm Since a anount
energy is t beatsmstg_meldxscnm DEEM symbcﬂuhoatnch ell ora h@cﬁmtlsn oiidhe teal dob

| i abl d t ed t 1 t t SNR 004
bne dos gn. afsn h@%ﬁ?ﬁ%ﬁseéé?f%ﬂ&@ﬁ?%ﬂl%ﬁf”?ﬁh%f@é%ﬂé 3 R sy oL s

- a. Detect af| @F a Capéftaion oFWRCofal bal Sanbhiitpadied Bn he&RI1IRELE @Tabcarriers.
quality, and b. ldenti f% nei %gbor cel l's based on the candi dat e

subcarri er s Foy gty the ! Piignas iwefhgriseian devhich ¢ eacop sigagl uses one
measur e t he sgounlel MK «£&dhaiBRb! period in which the beacon signal is transmitted. Since a

large amount of energy is transmitted on just one subcarrier, a beacon signal can be
reliably detected even at low signal-to-noise ratio (SNR).

[0048] In one design, the neighbor cell search may include:

1. Beacon detection -
a. Detect for candidate subcarriers with high received signal quality, and

b. Identify ncighbor cells based on the candidate subcariers.

[0049] After detecting a neighbor cell, the UE may measure the downlink channel
quality for the neighbor cell based on a pilot channel transmitted by the cell. The UE
may report downlink channel qualities for all detected neighbor cells to the system,
which may make handover decisions for the UE based on the report.

[0050] The system may have a configurable system bandwidth, which may be
selected from a set of possible system bandwidths. In one design, the possible system
bandwidths include 1.25, 2.5, 5, 7.5, 10, 15 and 20 MHz. Other possible system



quality for the neighbor cell based on a pilot channel transmtted by
the cell. The UE may report downlink channel qualities for all

det ect ed r{fﬁ gdiiBRizosel | s to the system which may make Bapg@y6fo7s3se
deci sions tfor the UE based on the report. [0050] The system may have a
confi gurabl e system bandw dth, which may be selected froma set of
possi bl e system bandw dths. I n one desié)n, t he possible system
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a system bandw dth of 15 In this deS|(? t he system bandw dth
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the left or ht he}lf of the system bandw dth. [0054] When nul tiple
beacon si gngf: 458" ansmitted, e.g., as shown in FIGS. 3A and 3B,
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7.5 MHz left half and a 7.5 MHz right half. One beacon signal may be transmitted in

each half, and each beacon signal may cover 7.5 MHz. The PSC and SSC may be
transmitted in the center of the system bandwidth. A 10 MHz capable UE may operate
over the left or right half of the system bandwidth.

[0054] When multiple beacon signals are transmitted, e.g., as shown in FIGS. 3A
and 3B, the same or different beacon signals may be transmitted on different parts of the
system bandwidth. However, transmitting the same beacon signal may simplify
operation.

[0055] FIG. 3C shows a design of TDM beacon transmission for a system
bandwidth of 10 MHz. In this design, one beacon signal may be fransmitted across the
entire system bandwidth and may cover 10 MHz. The PSC and SSC may be transmitted
in the center of the system bandwidth. A 10 MHz capable UE may operate over the

entire system bandwidth.



[ 0055] FI G 3C shows a design of TDM beacon transm ssion for a system
bandw dth of 10 MHz. In this design, one beacon signal nmay be

transm tt gg, dmkAs9ss he entire system bandwi dth and nmaypepy&iaaksbi -
The PSC and SS ma’i/ be transmitted in the center of the system

bandw dt h. A 10 MHz capable UE nay operate over the entire system
bandwi dth. 11 [0056] TDM beacon transmidsion for system bandwi dt hs of
7.5, 5 2.5 and 1.25 MHz may be simlar to TDM beacon transm ssi on
for system bandwi dth of 10 MHz. For each system bandwi dth that is
equal to or [6F6) | eTDiNhdeatonetrafsEiskiandor eitstent dpadwidths pf 7dné, Baahn1.25

si gnal may transmtted. a the entire system bandw dt.h,
P00 e Wit AR SRl 4 TP Beh D, SR Y5 B G e 10 MiEz

signal s i n Fabdaeh dystgin Ba@aidiniaeiswyidl t@or dmdMetbst the UB bandivedthl egiabitity, a
radi o frane incl udes 1? subfranes, the PSCis transnitd(tﬁ\?g in each of
subfranmes 0°Hhbrason signsl pre begensputted-agishihecatiresystem bardsadthe he psc

The BSC nay gﬂ%’lf rangal itsaswibtapld 8a3BlisstRcorahs trdd SRAchBfizaRk siddls in

shown in FI 4. Aternatively, the BSC may be transmtted only with
the PSC or &ably lvintahcarfrmessith anF I3 flspign. 1n pee dsen, s5dia fampocivdsy 10
each be traggm daat : I es’

beacon transm sag%eg’nth? ogsgx%&g{tmg%ﬁ%g%g\%ﬁ Ef 8‘?"%‘2"’%&% aéd[ ?1 t%l ?ﬁggh é;fggggrgf
t he syst em bamuaviitelt jusintppforbahBBE€.i ThomSE inay be drafgnibed witbfthe AAC fandnbioa

10 MHz right . f e PSC and..SS be transmtted. in the center.
T2 oy of WSS SRR ITN T ARSI e o et M i
transm tt edtienP$heruatyt with ¢ SSkie [ekbndid] thet PECT, $3C nal BRI vplyegchibe

the PSC and SSC., Anot her beacon signal nay be transmitted in the
portion of (RS ARt hat is not occupied by the PSC and SSG

[ 0059] FI G sshowgrig, desi ghwofa EREDACEIM Haftshl S&sRRsHAr fo? £ %Fiem
bandwi dth of 15 MHz. In this design, the system bandw dth may be’
partiti onedbixradth of 28 Mg [rethis dpsien, Gadysem bendvrgithrmayhie pralifonyh itpgc
and SSC may \ { Frp k1 f .
bandwi dt h. é@i‘“%%%@i@iﬂ?‘gﬁalf’%gﬁ%@qﬁiﬁé%nl’ tgtéea i ﬁee“%%h%ﬁgﬁ%&?%h%g‘e
portion t hatentsr N2 Mblzod picssgstby badwviPSC Grrde89€.sign@i064)] e t@nsihited o ths

a design of FDM beac rrapsm ssion f.or. a.s m | di.h of 10 MHz.
The. Pog and PESEnAEgTeaR bEREN FBLA O] RErBYRCEHk B85 Hidbity BlachmsrbhR
syst em bandwagtia.traphieitee ac e paitnalf tieygh alfried syrhdttoeclipiddl §yhe PSC and

remai ni ng partion of the system bandw dth that is not occupied by the
PSC and SSCSSEDM beacon transni ssion for system bandw dt hs of 7.5, 5

and 2.5 Mz 16029] be \ign 4@rsnbRs FDMRSARNFDRABEIFoS SirRimiseion S¥8 L £ Bystem

bandwi dth of 10 MHz. [0061] As shown in FIGS. 4 through 5C, the BSC

may be freqberiyididiofilgiMHz. In this design, the system bandwidth may be partitioned into a
7.5 MHz left half and a 7.5 MHz right half. The PSC and SSC may be transmitted in
the center 1.25 MHz of the system bandwidth. One beacon signal may be transmitted in
each half in the portion that is not occupied by the PSC and SSC.
[0060] FIG. 5C shows a design of FDM beacon transmission for a system
bandwidth of 10 MHz. The PSC and SSC may be transmitted in the center 1.25 MHz of
the system bandwidth. One beacon signal may be transmitted in the remaining portion
of the system bandwidth that is not occupied by the PSC and SSC. FDM beacon
transmission for system bandwidths of 7.5, 5 and 2.5 MHz may be similar to FDM
beacon transmission for system bandwidth of 10 MHz.,
[0061] As shown in FIGS. 4 through 5C, the BSC may be frequency division
multiplexed with the PSC and SSC in the same OFDM symbol when the system
bandwidth is larger than 1.25 MHz. The BSC overhead may be avoided by using FDM.



mul tiplexed with the PSC and SSC in the sane OFDM synbol when the
system bandw dth is larger than 1.25 M. The BSC overhead may be

avoi ded byydisoslessbdsM 12 [0062] I n one FDM beacon desi gfyuéhafrdedsd!

cell transmt power may be divided uniformy across the K total
subcarriers. The anmobunt of transmt power to use for each beacon
subcarrier may then be determ ned based?on the nunmber of usable
subcarriers. For 20 MHz system bandwi dth, 1/8-th of the total cell
transmt power may be used for the PSC or SSC, 7/16-th of the total
cel | transnid6Powein mey FBY! beaedn fdosign,Hbe healcestl sanswirpowsr may hehdivided t
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the initial ce sear nd perf.orm ot he rocedyres, a UE may be
directed to2pes é&%%@&t%agwe? élgn%??lido%e BRCIC 8 peE RS Hw di h.
The cells Wmsﬁaanﬁmﬁe REREOhHNGAFHIES SIL o Bhahd FNES.UR &A5C a8t est dhar
these cells wi thout having to swtch frequency. For exanple, f

or
syst em band¥Sgtare ght 15137 dzare lpcaiod pHhc capeinfehUmstspepandvith-ofbis
ei ther si deaﬁéws; P%ﬁ%}%ﬁﬁ%&ﬁﬂ@é’h‘cﬁﬁ 'é.‘ea}‘é]ﬁ%ﬁsgd BE AP 1My SRE RlYRIDEF the
beacon signals trom néeighbor cells w thout swtching frequéency.

[ 0065] | n oneysties bgniwidthe Thp XSCrapdiiGveen abdjbedensmistad caethtiemsnress, e.g.,

fixed d,. | . punb b i .is d
o0 2 15 R B TRl S SRRl b, ST R

bandw dt hs aadivith®. total nunber of subcarriers (K) for each system
bandwi dt h i n_accordance vm'%h ogqe des
gng

2008/ 033985H8PALS? 958 e—pagialsgﬁgI seayég and performing other procedures, a
UE may be directed to operate over all or a portion of the system bandwidth. The cells

may transmit beacon signals such that the UE can detect for these cells without having
to switch frequency. For example, for system bandwidth of 15 or 20 MHz, a 10 MHz
capable UE operating on cither side of the system bandwidth should be able to receive
the beacon signals from neighbor cells without switching frequency.

[0065] In one design, the spacing between adjacent subcarriers is fixed at 15 KHz,
and the total number of subcarriers is dependent on the system bandwidth. Table 2 lists
a set of possible system bandwidths and the total number of subcarriers (K) for each

system bandwidth in accordance with one design.



System Bandwi dth (MHz) FFT size N Total Nunber of Subcarriers K

Nunber of Usabl e Subcarriers M Beacon Signal
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Table 2
System Total Number Beacon
YAt FFT size | Number of | of Usable Signal
Bardwidth . . .
(MHz) N Subcarriers | Subcarriers | Bandwidth
K M (MH?z)
1.25 128 75 24 1.08
25 256 150 48 2.16
5 512 300 92 4.32
7.5 768 450 144 6.48
10 1024 600 184 8.64
15 1536 900 144 6.48
20 2048 1200 184 8.64

[0066]

A set of M usable subcarriers may be defined based on the K total subcarriers, where in

A usable subcarrier is a subcarrier that may be used to send a beacon signal.

general M < K. In one design, all K total subcarriers may be used to send one or more
beacon signals. In other designs, a subset of the K subcarriers may be used to send one

or more beacon signals,
[0067]

scalable and varies as a function of system bandwidth. For the TDM beacon design

In one design, the number of usable subcarricrs for a beacon signal is

shown in Table 2, every third subcarrier may be used to send a beacon signal, and the
usable subcarriers are spaced apart by 45 KHz. For a system bandwidth of 10 MHz or
less, one beacon signal may be sent, and the number of usable subcarriers may be
approximately one third of the total number of subcarriers, or M ~ K/3. For a system
bandwidth of more than 10 MHz, two beacon signals may be sent, and the number of
usable subcarriers for each beacon signal may be approximately one sixth of the total
number of subcarriers, or M = K/6. The larger number of usable subcarriers for larger
system bandwidths may be used to support more cell 1Ds, reduce beacon hopping
pattern length, reduce neighbor cell search time, etc.

[0068]
signal, and the usable subcarriers are spaced apart by 30 KHz. An integer multiple of

In another design, every other subcarrier may be used to send a beacon

32 subcarriers may be usable for the beacon signal depending on the system bandwidth.
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[0069] In yet another design, the number of usable subcarriers for a beacon signal
may be fixed, and the spacing between usable subcarriers may vary as a function of the
system bandwidth, For example, the usable subcarrier spacing may be 45 KHz for 1.25
MHz system bandwidth, 90 KHz for 2.5 MHz system bandwidth, etc.

[0070] In general, any number of usable subcarriers may be defined, and the usable
subcarriers may be spaced apart by any amount. The number of usable subcarriers and
the usable subcarrier spacing may be selected based on the total number of subcarriers,
the desired minimum number of usable subcarriers, the desired minimum spacing
between usable subcarriers, etc. The same number of usable subcarriers and the same
spacing may be used for all beacon symbols. Alternatively, the number of usable
subcarriers and/or the spacing may vary for different beacon symbols.

[0071] FIG. 6 shows a beacon signal for one cell in accordance with an FDM
design. In this design, the beacon signal is composed of one beacon symbol in each
radio frame. In one design, a beacon symbol may be sent in a symbol period reserved
for beacon transmission, e.g., as shown in FIG. 2. In another design, a beacon symbol
may replace {or puncture) another OFDM symbol. In any case, the beacon symbols
may be transmitted in locations that are known a priori by the UEs.

{0072] A beacon subcarrier is a subcarrier that has all or much of the transmit power
used for a beacon signal. A beacon subcarrier may be selected from the set of usable
subcarriers. As shown in FIG. 6, different beacon subcarriers may be used for different
beacon symbols, and the beacon subcarrier may vary from one beacon symbol to the

next. In the example shown in FIG. 6, subcarrier X, is used for the beacon symbol
transmitted in radio frame #-1, subcarrier X, is used for the beacon symbol

transmitted in radio frame ¢, subcarmer X

t+1

is used for the beacon symbol transmitted

in radio frame #+1, etc.

[0073] Since all or a large portion of the total cell transmit power may be used for
one subcarrier in a beacon symbol, a very high SNR may be achieved for the beacon
subcarrier. For example, the SNR of the beacon subcarrier may be increased by

10log,,(75)=18.75 dB if one out of 75 subcarriers is used for the beacon subcarrier
with a system bandwidth of 1.25 MHz, increased by 10log,,(300) =24.77 dB if one

out of 300 subcarriers is used for the beacon subcarrier with a system bandwidth of 5
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MHz, etc. Furthermore, the overhead for the beacon signal may be relatively small.
For example, if a beacon symbol is transmitted in one symbol period in each radio
frame of 140 symbol periods (e.g., with 10 subframes/radio frame and 14 symbol
periods/subframe), then the beacon overhead is only 0.7%.

[0074] FIG. 7 shows example beacon transmissions for three cells A, B and C in
accordance with an FDM design. In this design, cach cell may transmit one beacon
symbol in one symbol period in each radio frame, and all three cells may transmit their
beacon symbols in the same symbol period. However, the three cells may transmit their
beacon symbols on different beacon subcarriers, which may be determined based on the
beacon hopping patterns or beacon codes for these cells. In another design, different
cells may transmit their beacon symbols in different symbol periods in order to avoid
collision of their beacon subcarriers.

[0075] In general, any type of information and any amount of information may be
sent in a beacon signal. The number of information bits (L) that can be sent in the
beacon signal may be determined by the number of usable subcarriers (M) for the
beacon signal and the number of beacon symbols (Q) in which the information is sent.
As an example, if the beacon signal is sent in 24 usable subcarriers, then one out of 24
= 576 possible values (or a 9-bit value) may be sent in two beacon symbols. As another
example, if the beacon signal is sent in 32 usable subcarriers, then one out of 322 = 1024
possible values (or a 10-bit value) may be sent in two beacon symbols. Alternatively, a
9-bit value may be sent with 32 usable subcarriers (e.g., spaced apart by 30 KHz) for
one beacon symbol and with 16 usable subcarriers (e.g., spaced apart by 60 KHz) for

another beacon symbol. In general, up to \_Iogz(MQ)J information bits may be sent in

the beacon signal on M usable subcarriers in Q beacon symbols. The information may
be sent in more than the minimum number of (Q) beacon symbols in order to improve
reliability, increase frequency diversity, and improve false alarm rate for a given
probability of detection.

[0076] In one design, a beacon signal carries a cell ID of a cell. For the design
shown in Table 2 with M = 24 for a system bandwidth of 1.25 MHz, a 9-bit cell ID may
be sent in the beacon signal in two beacon symbols. The beacon signal may also carry

other information.
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si gnal depeqgth 332 QRigub aisy S IR BPAUMHES in two consecutive beacon symbols. This
would then allow a UE to detect all neighbor cells with any two beacon symbols.
[6078] The cells in the system may be assigned beacon hopping patterns such that
their beacon subcarriers do not collide. For example, if there are M = 24 usable
subcarriers, then up to 24 different cells may transmit their beacon signals on 24
different subcarriers in a given symbol period. The length of the beacon hopping
paiterns may be dependent on the number of usable subcarriers and the number of
possible cell IDs. A larger system bandwidth may provide more usable subcarriers and
allow for use of shorter beacon hopping patterns, which may reduce neighbor cell
search time.
[0079] For beacon detection, a UE may perform OFDM demodulation for each
symbol period in which a beacon symbol is sent and obtain K received symbols for the
K total subcarriers. The UE may determine the received signal quality of each
subcarrier based on the received symbol for that subcarrier, compare the received signal
quality of each subcarrier against a threshold, and retain candidate subcarriers with
received signal quality exceeding the threshold. The UE may also use received power
and/or some other metric to identify candidate subcarriers. The UE may maintain a list
of candidate subcarriers for different beacon symbols. The UE may then identify
neighbor cells based on the list of candidate subcarriers and the known cell-specific
beacon hopping patterns for all possible cell IDs.
[0080] In another design, each cell is assigned a cell-specific beacon code that
indicates which subcarrier to use for the beacon subcarrier in each beacon symbol. The

beacon code may be a maximum distance separable (MDS) code, which can generate
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priori by the UEs. [Q072] A beacon subcarrier is a subcarrier that has
al | or much™g¥ be HansmHeekon ¢ subesieer widemdeo X, awhiehawH be pymiased &' beacon
subcarrier may be selected fromthe set of usable subcarriers. As
shown in FIG 6, iftggﬁgt%bqacon subcani ers may be used for
different beacon?syihol s”Pakd the beacon subcarrier may vary frofibde
beacon synbol to the next. In the exanple shown in FIG 6, subcarrier

X1 1 is used,for t.he beacon,s ol.transmtted.n radio frame t -1,
subcarri er %helies?’dgggnpitr“feteflue@){%g%%%%& 2Vﬁ%n%lp2t_r%nsm tted in radio _
frame t, subcarr blegmpgzﬁ 0%§§T%§g0§&§ eft&ﬁliz%%%% o%%H?EE'lLIbE ansmtted in

radio frane t +1, etc. ince all or a large portion of the
total cell transhidampoperenday theeanpeddr 0rndne subcarrier in a beacon
synbol, a very high SNR may be, achi eved for the beacon subcarrier
For exanple, the® %WHQEQOB 4¥hn subcarrier may be increased by 10
| 0g10(75) =18.75 dB.if _one out of 75 subcarriers is used for the
beacon subcHl082kr \iglthZy ceytaing M plamentp AtlHoegh ¥ oF Mpimifivegenas gl fgld

10 login (39Q)is T dfmdrft 0B, ithat 80§ be used to generate all M —1 non-zero elements of Z.
As an example, for field Z; containing seven elements 0 through 6, 5 is a primitive
element of Z; and may be used to generate all six non-zero elements of Z; as follows:
5°mod7=1, 5'mod7=5, 5°mod7=4, 5°mod7=6, 5'mod7=2, and
5°mod7=3.

[0083] In equation (1), arithmetic operations are over field Zy. For example,
addition of A and B may be given as (A +B) mod M, multiplication of A with B may
be given as (A-B) mod M, A raised to the power of B may be given as A® mod M,
etc. The additions within the exponents are modulo-M integer additions.

[0084] Different beacon codes may be defined with different values of Z and M.
The beacon code shown in equation (1) is periodic with a period of P=M/Z symbols.
Hence, X, =X

.p fOr any given £.



out of 300 subcan-iers is used for the beacon subcarrier with a
system bandw dth of 5 15 MHz, etc. Furthernore, the overhead for the
beacon si e relatively small. For exanple, if
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is sent. As an ex%gﬁég, i f tﬁe beacon signal is sent in 24 usable
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1024 possible values (or a 10-bit value) nmay be sent in two beacon
synbol s. Al beacaatsymboly  inathe-mgsensgablienreyll parews evithowi time3pfamatgre For
subcarriers S f
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beacon synbadceividbagenesyalbolsupast e dxbregset®E) i i nformation bits may be
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of (Q beacon syfboPs i ¥ &r8er to iWﬁLove reliability, increase qu6
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probability of detecki@n ,[.Q0MG N _oneg:zdasizgr,, za beacon si gna
carries a cell ID?of'a cépf? or ?Héadeséé%g%ﬁ%mh in Table 2 with M=
24 for a system bandwi dth of 1.25 MHz, a 9-bit cell ID nmay be sent in
the beacon §)08$8p| iDyuitid sbE@y Ay BY BRdssed ikhetdereans glgasl my al so
carry other information. 16 [0077]1n one design, each cell is
assigned a cell-specific beacon hopping pattern that indicates which
subcarrier to useXf r(ﬂhe}b agon %Qb Epﬂleg in each beacon synbo%qg%
d

For exanpl e, 512{djf fies’enp? A |hopppnagzpdatterns may be define
associated with %J pgzsiﬁTe%?gﬁ? IEB,pb%é beacon hopping pattern for
each cell ID Different sets of 512 beacon hopping patterns may al so
be defined fberedipffaadesit asyqham hangediflt bsmeamef 8l Zf,0r each system
bandw dt h. Each cell may transmt its beacon signal using the beacon
hoppi ng pat {#8A] f ofThe{E mey solvefor Eives PSEE and gl nyepatioretNss feliowse
defined such that for any two consecutive beacon synbols, different
cell I1Ds are assqgciated with ugtg e pairs of beacon subcarriers. For
exanpl e, the 512(¢&e|l ,hDs mp Me associ ated with 512 unique pairg ﬁg
beacon subcarriets, | N7t wg, 9 3n

%, CO EeggtiVe beacon synbols. This would
allow a UE to detect all nei

of ‘cells with any two beacon synbol s.

[0090]  The UE may obtain the exponent of p{*** as follows:

7, =log(n)/log (p) = (a4 + Z¢) mod M . Eq (7)



[0078] The cells in the system may be assi gned beacon hoppi ng patterns
such that their beacon subcarriers do not collide. For example, if
there are = bl e subcarriers, then up to 24 dif

may transR&@zyﬁé%ﬁéﬁeacon signals on 24 different subc%ﬁ?&@#@ﬁfé&é

gi ven synbol period. The |length of the beacon hopping patterns may be
dependent on the nunber of usable subca¥riers and the nunber of
possible cell I1Ds. A larger system bandw dth may provi de nore usabl e
subcarriers and allow for use of shorter beacon hopping patterns,
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power and/ or soné‘thgggn%tsP% to identify candidate subcarriershqgﬁg
UE may maintain a list of candidate subcarriers for different beacon
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with index t, the beacaon %Lgnag nag be transmtted on a subcarricr

with index ROPPIRGRERIAYr Pepasspleesst dids-aQthey beagen qodes mgy glso e yoed for the
(1) where phededn@ghili Mtive element of field Zmand p, = Pi2 al and

a2 are exponent factors determ ned based on the cell ID, Zis an
upper end of00%k r ddGe 8rdowale blaek diagram of a design of Node B 110 and UE 120,

which are one of the Node Bs and one of the UEs in FIG. 1. In this design, Node B 110
is cquipped with T antcnnas 824a through 824t, and UE 120 is equipped with R
antennas 852a through 852r, where in general T>1 and R>1.

[0095] At Node B 110, a transmit (TX) data processor 814 may receive traffic data
for one or more UEs from a data source 812. TX data processor 814 may process (¢.g.,
format, encode, and interleave) the traffic data for each UE based on one or more coding
schemes selected for that UE to obtain coded data. TX data processor 814 may then
modulate (or symbol map) the coded data for each UE based on one or more modulation
schemes (e.g., BPSK, QSPK, PSK or QAM) selected for that UE to obtain modulation
symbols.

[0096] A TX MIMO processor 820 may multiplex the modulation symbols for all
UEs with pilot symbols using any multiplexing scheme. Pilot is typically known data

that is processed in a known manner and may be used by a receiver for channel



denotes nodul o addition. [0082]Field Zm contains Melenents 0 through
M-1. Aprimtive elenent of field Zmis an elenent of Zmthat may be

used to 9%ﬂ8?@%ﬁbﬁ%4 M -1 non-zero elenents of Zm As g@nféﬂﬁpégmwfor

field Z7 containing seven elenents 0 through 6, 5 is a prim

el ement of Z7 and may be used to generate all six non-zero el enents
of zZ7 as follows: 5 nod 7 =1, 5nmd20=5, 52 nod 7 =4, 53
nod 7 =6, 54 md7 =2, and 5 5 nod 7 = 3. [0083]In equation (1),
arithnmetic operations are over field Zm For exanple, addition of A
and B may bestgiatien aad othér purBysern T XVMING) piopéssaradi0anaoprobespi(t.b., Bragede)
be given as (A B). nod M .raised to the power of B may be given a
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different values of Z and M _The beacon code shown in equation (1) is

periodi ¢ wi PIeasspetilonaotrpty beamfpomisg jisights toteaymedulationsyabotsdp spiplly
T i A
mapped to abtreand(caz, @ G btesobtaioldn quiput chipl stitym. +Eagh tansmgigkt 822Dmay a
(2 - - Afmer E%césg)(e.g., convert to analog, amplify, filter, and upconvert) the output chip
stream to obtain a downlink signal. T downlink signals from transmitters 822a through
822t may be transmitted via T antennas 824a through 824t, respectively.
[0097] At UE 120, antennas 852a through 852r may receive the downlink signals
from Node B 110 and provide received signals to receivers (RCVR) 854a through 854r,
respectively. Each receiver 854 may condition (e.g., filter, amplify, downconvert, and
digitize) a respective received signal to obtain samples and may further process the
samples (e.g., for OFDM) to obtain received symbols. A MIMO detector 860 may
receive and process the received symbols from all R receivers 854a through 854r based
on a MIMO receiver processing technique to obtain detected symbols, which are
estimates of the modulation symbols transmitted by Node B 110. A receive (RX) data
processor 862 may then process (e.g., demodulate, deinterleave, and decode) the
detected symbols and provide decoded data for UE 120 to a data sink 864. In general,
the processing by MIMO detector 860 and RX data processor 862 is complementary to
the processing by TX MIMO processor 820 and TX data processor 814 at Node B 110.
[0098] On the uplink, at UE 120, traffic data from a data source §76 and signaling
may be processed by a TX data processor 878, further processed by a modulator 880,
conditioned by transmitters 854a through 854r, and transmitted to Node B 110. At
Node B 110, the uplink signals from UE 120 may be rececived by antennas 824,
conditioned by receivers 822, demodulated by a demodulator 840, and processed by an
RX data processor 842 to obtain the traffic data and signaling transmitted by UE 120.
[0099] Controllers/processors 830 and 870 may direct the operation at Node B 110
and UE 120, respectively. Memories 832 and 872 may store data and program codes
for Node B 110 and UE 120, respectively. A synchronization (Sync) processor 874 may
perform initial cell search and neighbor cell search based on the samples from receivers

854 and may provide cell IDs and other information for detected cells. A scheduler 834



Eq (3) [0087]A UE can recover a cell 1D sent in a beacon signal

two consecutive beacon synbols in the presence of one cel

even

with

w t hout ti\gg%‘g’%%&at i on. For exanple, the UE may rece'i,g@g%%@y%gﬁggn

synbol s x1'a at timest and t +1 . The recei ved be
may be expressed as: xtai+Zraz Zr = PIPt P2 | andEq (4)

marrZ(t+1) e pr2gt-Fl) pfpiarrzt ep2zepilzt [0088] Equation set (4) may

be expressed in matrix formas follows: rx1 11 ( pritzi ?

may schedule UEs for downlink and/or uplink transmission and may provide

assignments of resources for the scheduled UEs.

[00100] FIG. 9 shows a block diagram of a design of a beacon signal generator 900,

which includes a beacon symbol generator 910 and an OFDM modulator 930.
Generator 910 may be part of TX data processor 814 at Node B 110, and OFDM

modulator 930 may be part of each transmitter 822.

[00101] Within beacon symbol generator 910, a unit 912 may receive the system

bandwidth and determine a set of usable subcarriers for a beacon signal based on the

system bandwidth. A unit 914 may receive a cell ID and/or other information and

determine a beacon hopping pattern or a beacon code based on the received information.

For each beacon symbol, a selector 916 may select a beacon subcarrier from the set of

usable subcarriers based on the bcacon hopping pattern or beacon code.

One or

multiple beacon signals may be transmitted, depending on the system bandwidth. For

each beacon symbol, a mapper 918 may map a high power symbol to the beacon

subcarrier for each beacon signal and may map symbols with zero values to remaining

subcarriers. A multiplexer (Mux) 920 may multiplex the symbols from generator 910

with other symbols for TDM or FDM.

[00102] Within OFDM modulator 930, an inverse discrete Fourier transform (IDFT)

unit 932 may perform an IDFT on K symbols from multiplexer 920 for each beacon

symbol period and provide K time-domain samples. A cyclic prefix insertion unit 934

may append a cyclic prefix to the K time-domain samples by copying the last C samples

and appending these C samples to the front of the K samples. Unit 934 may provide an

OFDM symbol containing a high power symbol on each beacon subcarrier and zero

values on remaining subcarriers used for the beacon signal(s).

[00103] FIG. 10 shows a block diagram of a design of a beacon processor 1000,
which includes an OFDM demodulator 1010 and a beacon detector 1020. OFDM

demodulator 1010 may be part of each receiver 854 at UE 120, and beacon detector

1020 may be part of sync processor 874.

[00104] Within OFDM demodulator 1010, for cach received OFDM symbol, a cyclic

prefix removal unit 1012 may remove the cyclic prefix and provide K received samples.

A discrete Fourier transform (DFT) unit 1014 may perform a DFT on the K received

samples and provide K received symbols.
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to two specific elenents of field Zm [0089] The UE may sol ve for

terms pifigdd Zsa6ksPr 2022z in equation (5), as foll owspefdRoidhsso
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[00105] Within beacon detector 1020, a unit 1022 may detect for candidate
subcarriers in each beacon symbol. Within unit 1022, a unit 1024 may compute the
signal quality of each received symbol and provide the received signal quality of the
corresponding subearrier. A comparator 1026 may compare the received signal quality
of each subcarrier against a threshold and provide subcarriers with received signal
quality exceeding the threshold as candidate subcarriers. A unit 1028 may receive the
system bandwidth and determine a set of usable subcarriers based on the system
bandwidth. A beacon pattern detector 1030 may detect for cell IDs based on the
candidate subcarriers, the set of usable subcarriers, and the beacon hopping patterns for
all possible cell IDs. Alternatively, detector 1030 may detect for cell IDs based on the
beacon code.

[00106] FIG. 11 shows a design of a process 1100 for beacon transmission. Process
1100 may be performed by a transmitter such as a Node B, a repeater, a broadcast
station, etc. The system bandwidth may be determined from a set of possible system
bandwidths (block 1112). A set of subcarriers usable for a beacon signal may be
determined based on the system bandwidth (block 1114). The usable subcarriers may
have a predetermined spacing, and the number of usable subcarriers may be dependent
on the system bandwidth, e.g., as shown in Table 2. Alternatively, the number of usable
subcarriers may be fixed, and the spacing between usabie subcarriers may be dependent
on the system bandwidth. In any case, the beacon signal may be generated based on the
set of subcarriers (block 1116). The beacon signal may be transmitted to assist
receivers detect for the transmitter/cell, e.g., to assist UEs perform neighbor cell search
to detect for neighbor cells while the UEs are in idle and active states (block 1118), A
cell may correspond to any type of transmitter.

[00107] In one design of block 1116, the beacon signal may be mapped to one
subcarrier (or a beacon subcarrier) in the set of subcarriers in each symbol period in
which the beacon signal is transmitted. In one design, a beacon hopping pattern may be
determined based on a cell ID, and the beacon subcarrier may be selected from the set of
subcarriers based on the beacon hopping pattern. In another design, the beacon
subcarrier may be selected from the set of subcarriers based on a beacon code that may

indicate which subcarricr to use for the beacon signal in each beacon symbol period. In



[ 0090] The UE nay obtain the exponent of pr' as follows: 19 [0091] The
|l ogarithmin equation (7) is over field Zm A given value of y maps

to a speci 69m¥@%%§%0f z. The mapping fromy to z may p@“@g%%ﬂ§%$gat

with a took-up or in sone other manner. The exponent

and tine index t may be obtai ned fron1§ggation (7), as follows: =z1
nod Z, andEq (8a) t=z1 div Z .Eq (8b) tor az may be determ ned by
substituting t obtained fromequation (8b) into y2 = prp,z° to obtain
pr2 , and then solving for az based on pr'. [0092] The TIE can al so
recover thegeetdl, ¢ érmonet dubcdneas amyshegsedictodi frdm almy sdf wb subcarriers in each

non- consecutive be%% n %%3P0| I n tq%H?resence of one cell. The

el enents of "YEPT PR Br P d@pendetiy *61f " t*he beacon symbol s received by
the TIE. Theowhs|carrhaibeon SigayiahayChd denl #3ng TOM, bhe ofl@ algObtabdrOigas may
transmtted by two cells with three consecutive beacaon_synbol s

[0093] The bBaEBAPEJadheststHR handwifiain esh Pegcorsymbel nsdedi The brasen sigral

beacon may also be sent using FDM, and the beacon signal and at least one other signal may be
mapped to different parts of the system bandwidth in each beacon symbol period.
[00109] The number of beacon signals to transmit may be determined based on the
system bandwidth. For example, one beacon signal may be transmitted if the system
bandwidth is equal to or less than a predetermined value, and multiple beacon signals
may be transmitted if the system bandwidth is greater than the predetermined value.
[00110] FIG. 12 shows a design of an apparatus 1200 for beacon transmission.
Apparatus 1200 includes means for determining the system bandwidth from a set of
possible system bandwidths (module 1212), means for determining a set of subcarriers
usable for a beacon signal based on the system bandwidth (module 1214), means for
generating the beacon signal based on the set of subcarriers (module 1216), and means
for transmitting the beacon signal to assist UEs perform neighbor cell search to detect
for neighbor cells (module 1218).
[00111] FIG. 13 shows a design of a process 1300 for beacon detection. Process
1300 may be performed by a receiver such as a UE, etc. The system bandwidth may be
determined from a set of possible system bandwidths, e.g., based on system information
received from a cell detected during mitial cell search (block 1312). A set of subcarriers
usable for beacon signals may be determined based on the system bandwidth (block
1314). The beacon signals may be detected based on the set of subcarriers (block
1316). The receiver may periodically perform neighbor cell search to detect for beacon
signals from neighbor cells while operating in an idle state or an active state.
[00112] In one design of block 1316, demodulation may be performed for each
symbol period in which the beacon signals are transmitted to obtain received symbols.
Candidate subcarriers with received signal quality exceceding a threshold may be
determined based on the received symbols, Cells transmitting the beacon signals may
be identified based on the candidate subcarriers and beacon hopping patterns for
different possible IDs or a beacon code indicating which subcarrier to use for a beacon

signal in each symbol period for each possible ID. The beacon detection in block 1316



hoppi ng patterns for all possible cell IDs. O her beacon codes may
al so be used for the beacon signal. [0094]FIG 8 shows a bl ock

di agram o i of Node B 110 and UE 120, which ar

Node Bs a&vﬁéﬂgﬁg%t he LIEs in FIG 1. In this desi gn,ﬁﬁl@gg’m@ﬂf&ggsi S
equi pped with T antennas 824a through 824t, and UE 120 i s equi pped
with R antennas 852a through 852r, wherd in general T 1 and R 1.

[ 0095] At Node B 110, a transmt (TX) data processor 814 may receive
traffic data for one or nore UEs froma data source 812. TX data
processor 8idy frayapdonesscdnesignals feorivat fromn(Qcbie entandysten drhdaddh)if ithe

ffic d f h,.UE b Y di | d
For that *Cectgl bt R o ada Bl aieduEh MR BolCusP s R Rl Ry S €
modul at e ( ofs gssand @antBPpretdi@niedadivdat a for each UE based on one or

dul at i h . 9., BPSK, PK, PSK | ected f
that UE t O%}'ﬁ?gﬁfﬁéﬁﬁgﬁ ?@?ﬁvss@n#éwg. C%S @egmﬁﬂ'aﬁdg M%%fﬁ@gég SetegiR.

may mul tipl R?S 3:88s MO0 LR IS nR¥AEPR HcfeRhindy! tha-%FsierWUaﬁdvﬁH{hofrorﬁym!o?
usi ng any nu Pj El exing schene. Pilot is typically known data that is

processed i posgib mnkgndwidthsrenoduly 1962 gwansipr detempining arset off subprariera |

20 estimati . > I
Co. 0o recaRLft 1o Bl s RaFon e N bRIRE A XAba e B B TR o
and provi deddcoing pertthsyerbol sigialswmsed erothT sdt candeimies(modaldRY)6)822a

t hr ough 822 cert.ai esi gns, .TX M M) processot. 820 nmay. Y

boant or it ng WDt F165 18raERS HFD o) <O RBGFS 130 [ PRP g, Yienal
these synbotransniiath HyraaNedd B.t &lwi82ndBimpIya9 R Somzaties pighiliui@l WUUBUfor
synbol stream éeeé&a., for OFDM to obptain an out put %hi P stre%n Each
transmi tt er CBREEGFHON fungatiapydlsaich pay fe gencgtice £8-thased PR adgC sequence

amplify, fi tﬁr%gclrk,lgag Hp@fa@lya%id_tslcotnpﬁy%&'ﬁd?l%nifaﬁbﬂ_s@h&ket%@d bg tw&bgeé Rordell

downlink sig ownlink signals fromtransmtters 822a through

822t may beidentfieatipn dedng intiaf calhsemeinmag 2k hengenergtedgegs based on an SSC

respect 1 vel y. L0097 AL . 1300n 20 £RBS 8020 1 RHGR BIR TN LGASEYS

the downlin I gha rom e provi received signals
recei vers (BEMR) sighdl asediryohigES Selrneighbapet tsearell may Bagineragwioe ge bas8d 4n

ospective PeetphdprMERAE o7t BeaT ek BRI MG bR ePrerTbeBed
t he sanpl es pfifag. andfsesonPnbMyndh@oribitiah Righ#is eiayexd ssiyTegl, on a/ixti Mottion of

detector 860 may receive a rocess _the received synbols fromall R
recei vers 8§Wagyftﬁ¥‘dl?6ﬁwkﬁl§ﬂ&?‘!?§s]éél8% nihg W%P%E?aﬁ@} Signad oy henignts ©-8-»

techni que tgnabirabR dRtasERUNSHNERLS Wt@ﬂz%&@&@ it SihidRRSh@bord B@nal is
nodul ati on synbols transmtted by Node B 110. A receive (RX) data

processor 8@ansmiied (hagkgpPPess (e.g., denpdul ate, deinterl eave, and
decode) the t n o\ de e f / 10, a
data sink ngﬁﬁ]ﬁ ggﬁsé?ig})s %‘?’ﬁg %rs ceo\s@sa?lnﬂ)%g{/%iﬂ%l %ng%?gﬁ%grrougg%&g%ggﬂx
dat a pr ocessensnd&don. s AppaplwnEt0anylutie teaspfoncesehtigg bywilkbdud MDimary
processor 820 and.TX data,proce r.8l t. Node, B 110. 098] .On .the
o it prchBgizs o S TR i s Bt 0l i shbe Ry Peg
may be proceassydmbyhsaor gendatiag AraaeRso teodddiry bpichRRlzaffro6igss ededly the
nodul at or 880, conditioned by transmtters 854a throggh 854r, and
transmtted Hs fg5deelidepsficakion \dymepinitiad collgeaseh (mpdale gHdrs " meanh G

120 nmay be rg@ﬁ&itiﬁgda Y 8Rb SRS &2 dien S1ORLH Lo RRAURY 5 e8NS Sccll 2karch
denodul ated by a denodul ator 840, and processed by an RX'data
processor 84mofule dbittdi meank éor senifg the wadehanduinedry aed sepepdaryatysehrenisaiiopy

operati on at HEHS B T0b S B done PRugRorUans (o 1LOgh shdly o

872 may st osendilaf the amtbwiraod beavon eiges, ¢.9r oiNddferdt ddl@amind iWEiff@t symbol
respectively. .A synchronization nc OCeSS may perform
initial cel e%‘ﬁaﬁﬁ‘gwﬁghgh%‘éﬁaw&gn(aﬁéItﬁahséjglg?cgﬁn%ﬁkelgz the sanpl es

[00116] FIG. 17 shows a design of a process 1700 for performing cell searches by a

UE. Wideband primary and/or secondary synchronization signals may be received from



may schedul e UEs for downlink and/or uplink transm ssion and may
provi de assignnments of resources for the schedul ed UEs. [00100] FI G
9 shows a ram of a design of a beacon signal 00,
whi ch mcl‘ﬁgg@%lgﬁbgcon synbol generator 910 and an Bgf%%ﬁf@{sgr%
930. Generator 910 may be part of TX data processor 814 at Node B
110, and OFDM nodul at or 930 may be part2%f each transmitter 822.

[ 00101] Wthin beacon synbol generator 910, a unit 912 may receive
the system bandwi dth and deternine a set of usable subcarriers for a
beacon si gnaIﬁXbépmﬂomnf thh eysgrs banivbdthdbibekt H712A Nairewi$ihd beerpn sigods veya

ceIIIDandor ot her. i nf. mainandd rmne beacnh i
Cettern or B EssaER ol BB RN of FieRi St PERRR R SAREB bsacon
beacon synbeignalgasetashioed EI6cKTEM 43 @il céll &t@ﬁ:ﬁ@ﬁhy%%@fbﬁh@fbafsé@m thge
set of usabl e, subcarri ers base g on the beacon hopping pattern

beacon code VI4SYNORIIFRIY £PHFEC hcypgiaia Wiswnﬁm'&ﬁ%hﬁheéaﬂs Cells

dependi ng o Ehan m% d%ﬂé&%@ dea '&Q%éj&rﬁebeﬁ%rpri%?aﬁ;}" sRRRGAR AN BR]als t?anﬁﬁﬁ%g oy
918 may map a E wer synbol t he beacon subcarrier for each

beacon si gnéhes‘aﬁdl %Hiéif nﬁ?ﬂt@taﬁh ¢diis 28ay0 by adenBed based rmmi thierigideband

gencrator oI5 wth GRRERearabatel EndRG W et S5 Rep et el

nmodul at or 986l sarchi msyebs perﬁ)rm@d eba&rd EmUthe aarrdwizand foeaaon (sigpklB)transmittc® 32

o e

i nsertion udetect&Bbasodyord PRAIE-randouC kéeieeffbX at &t tofepdsible N&HIAOTRI Mhe
sanpl es by copying the | ast C sanples and appendi ng _t hese C sanpl es

to the fronfEIwhaRd bracen sigmals maxrhetde@gwdrbéwmndweaef BFrcerhan pérg&wéqems
cont ai ni g &kt Qpﬁ/@gib@%gﬂpms on each beacon subcarrier and zero
val ues on remainin ubcarriers used for the beacon signal (s).

[ 00103] FI GI041d7ks hgﬂ,@ as bh@eﬂk& desigyr efrancFpparatie 86 fasfoczfotseing o#ll searches.
pr ocessor e ea
det ect or 10%8)8“ 0 ]H %t %F ﬁ@o%%e%ﬁ%gﬁa% fp% g’ﬁaa? %'/8§ S\%%)rn ik
at UE 120, ayrtcthhmmatmm sigmfés:from d 0261 pmyorbef ﬂnarsystem baydweidir @m&l&botSlZ)

874. [00104] W thin CG-DM denodul 1010,, f.or h recei ved .OF
Sybol + a ol Sh It BRSO heon Semals g SRl Sihemtige ifaerent
prefix and By bl GRriéds i@ GAiMe the TRAINGSanal i SEdselied@ubduRr lglﬂﬁmﬁdcaﬁé’ Br
(DFT) unit 1014 d%gg%form a DFT on the K received sanples and

provi de K r 8e&5tng dieged omie vidangsd Wi hsyBeeniRatHe: Betals rapgmisted o

uni t 1022 By flekesdst @odaRNGE Gt %e%b?&rfdbﬁfﬁmg”de?&&'a Qaecwe@eqb%-
Wthin unit 1022, a unit 1024 ndy conpute the signal quality of each

recei ved symidsbantheccprdswy shichionizationeyigrads tS&ngateddlyath%Ewe]@‘ (mdvkle 1818),
correspondi g §1lé %%%e?for%ﬁg%%@%racteﬁ @e&@‘?gasg% L8 %5Wb%1}a%egc%%§

si gnal qual rricer agains rovi
subcarri er stmthtecbl@Eﬁaedlss{mgddb 181?.031 ity exceeding the t hr eshol d as

candi date s ri . uni t 028 rece st em bandw dt
ot ot or m IBATRLL G 105t &30 AR ESE LB D B L r R sioh by
bandwi dt h. AMﬁ@@nAmaidoﬁfbfgndEﬁl@)ﬁb@genbﬂﬁ&i BRY bRt ekt Be@borCi®pbink Battern
based on the candi date subcarriers, the set of usable subcarriers

and the beafbh PrEAPLPL (Black dPhe- 1Aricast pnepeibastanal may pls bg generated (block

Al ternati vel d
beacon code;i:[l 0?%1%%%0&%@@% i%gt&g%g%g%soﬁlgn o?ggn %B?)agglziﬁ%&gﬁbf&l%smn

beacon t r ansmiltgdéed Onlérf&G@EQallSleﬂhmfeb@apéwfddr gk B9 1@. {Thahearon signal
such as a pea a tc. The

bandw dt b g b GepEnEndfbenfutRhont o BB i or BiCoakiDamit Bl
(bl ock 1112)iffefens aymbdl mulbdain which thrsbdzlcen fighalas haamattedsi Fhakt feayt dne

determ ned based on the syste bandvmdth (block 1114). The usable
subcarriers® E/Slﬁ%‘génaé' b é‘ﬂ SSr iR gonshees ‘Fl‘%"?le arte ?@“‘?\%H@ép tg‘? symbol
periods in which the beacon signal is transmitted. The at least one other signal may

comprise (i} a primary synchronization signal used for cell detection during initial cell



[ 00108] The beacon signal may be sent using TDM and only the beacon
signal may be mapped to the system bandwi dth in each beacon synbol
period. T signal may al so be sent using FDM on
si gnal anﬁ?ﬁ@g%gss one ot her signal may be mapped to g?ﬂfugiragﬁ(?%%grts
of the system bandwi dth in each beacon synbol period. [00109] The
nunber of beacon signals to transmt be determ ned based on the
system bandwi dt h. For exanpl e, one beacon signal nmay be transmtted
if the systembandwidth is equal to or less than a predeterm ned

val ue, and saakdhi gpidéer Kidac seeomiagnsyinshnoaiyative sigrahsseil tforeeblj iflentifieatippsiueing

bandw dth is.greater th he, pr.edet erm ned.val ue. .[ 00 = 12

shows a desinét%’l 8‘% ﬁﬁ?rcépg@‘??ﬁ@%&fgﬂi’e&eaﬁ%%%ﬁﬁ Wﬁké ai%ﬁ?éo%n.d Hrerred

Appar at us 1BAQd ioACtht GesteriERNwide. dk ararbmit n@wiehef slys bewsvbaipduil didhthe

froma set of pqgssible @)}éstem bandw dt hs (m)gul e 1212d)s, iEgan f.or .

det er ni ni ngfraRsEBtPQSer S s fepttoue plishTignd Biey ie HeEEyReagrPn Ba et v

the system pandw i oidRdsth 8sehddtthessBAAR. f Or generating the beacon
dont i (

si gnal base he set of subcarriers (nodule 1216), and neans for
transmtti nfPUAY bdAGoR0 shaywsal design £6 8p appargtus 980 i M deegep drangraisgion.
search to d [ I - ond( 0011

shows a des?%ﬁ&%?lg gb%dpglgglggs)s%%ag‘g f#%%egggac %b%éﬁ%lg?%’ngéP%dgggéls@aJJ.%%(S)H
may be perf boppiuk battean weedicsam sueHnadula A0E?), etaens Tdrezepystiegrat least one

bandw dt h may be determ.n roma set. o ossi pl.e syst.em bandwi dt hs,
oo Dased ot Syel GHOMHP APy PRSP R Y beh R
during initijghalcald ths eanedit ohd ot 1;%3@) on Aiffednt @hrts UbEiRY 5sems buskitite
for beacon signals nay be determ ned based on the system bandwi dth

(bl ock 1314fm0o8He2¢Hdkcon signal s may be detected based on the set of

subcarriers gRhOCK F&18) shdWhea UESEI YL piFRYss REDH A FERII e RAIEQPAbN by a
nei ghbor cell search to detect for beacon signals from nei ghbor cells

whi | e oper alUFagBtasompighdls enag tbgtrecedied dypmae firs) @as (04 the. syplopbepgiwidih Gieck

design of b i : f

period in \Ml%lﬁ)c ) tlﬁéglbg c%rgr)lq%l& S%aﬁge*g%ﬂ I?‘airolg%ﬁoﬁ gggtofgq%%ggs?% %@éﬁ%}%d
synbol s. Caffdbdat el4ubBenbearen wighdls medc dieveticssigredd maydlei frgquenayeddisivg

a threshol d be .determ ned hased on t.he,.received nbol.s. Cells
Fransim 1 g ENROTdacd LI RENSE Ry BEPIUCHL P LB gL g Toed
candi dat e subCRIlldeRESorpNdinRemEaINccGpPREIN S PG (tipsdendagy sydichbrbeitn signals

possi ble I Ds or a beacon code indicating which subcarrier to use for
a beacon si @i for selideniiticytpnglurigg iniy celbseatdich possible ID. The

beacon det e%él@!ﬂs i {Iﬁ@.%%hé@@@ dediftn '&B)ﬁn%ﬁpﬁﬁiﬁ§§2@mf&m@%cﬁécﬂﬂ%b@tien.

received from (i e entire system bandw if it is equal to or

| ess than a Anpeddsra2iednsledegendsns (o teceivipp beicon segnatsHeoms yashishpart of the
bandwi dth if_j1t i eat h j I

12 shows a de iR G020 4 "Gy DBl 6l TR YRk Bendl £ Rkl soldtd
Appar at us 14@0 ofnthk sgesmneadwiditorwite tler héawomgighhle aay she wiisantnildtieing
froma set qof possible system bandw dt (modul e 1412), means for
det er ni ni ng%?qg‘%?y&fv‘%%%gﬁlp[gé?(gwagi%ﬁ?)or beacon signal s based on

t he system hamcej dtThe(mbdlidsein EG4) 12, aad ] 6re@N20 kod 20 eiagCogisd procésbers,
beacon signals based on the set of subcan-iers (nodul e 143[%. [00114]
FIG 15 shoccHoMesi Gicst Hagrae S6V1e850 0l e Gronisy nEHRrRARE S S ilRHCA | GRS

transm ssi on, BYorfes NRA & By Aot idaRaNgLR4d mary synchroni zati on signal
used by UEsr}?ororcg’Il det 3%te?onl duri ngrp(lg nitial cell search may be

gener at ed, d0¢123] baBlede ohskill RsBegeiguend endasitaskthatgnymatmpnsind sieaaly may
secondary sync I zatl i . . .

Cdenti 11 bar B oA sk FHOOCL HREY oPXifIE EhnbREIcE Bhl techpigyes.  For
lebg.( i)l bai 625@3{;@@;5\%@ isﬂqmgémgse lc):ommanqms Qlfdmliartiamds;gn;hse?gg mﬁgbﬁlfe,r argl chepd
oc . nar r.owban eacon .si gna se e s for
hei ghbor - cellasiar & TRTOREt ampang dte aBive YEEhutPh iy Boawsfented by

voltages, currents, clectromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



a fixed portion of the system bandw dth (bl ock 1712). Narrowband
beacon signals may be received fromdifferent subcarriers in

di fferent iods in which the beacon signals a Lt ,ed
(bl ock 173{?%%?3?%& cell search may be perforned basggT@Eﬁ?ﬁgsié

wi deband primary and secondary synchronization signals transmtted by
the cells. Cells may be detected based ©n the wi deband prinary
synchroni zation signals transmtted by these cells (block 1716).
Detected cells nmay be identified based on the w deband secondary
synchroni zat00dlsi Jhasesoft skalh swonldt Bthéryapphessée thet the yabiber Rlugtva®y logical
Nei ghbor ce e y..he. performed, based on the narrowband beacon
S gnals t r aRSARE CBa R et BB F b0 Rl WRCEDIRARL . HER R,
synchr oni zatlisclosigt ge@lnsmanye hepdekaet ad chasedc dardpasy dompaadssfware, or
sequences for a set of ssible cell. 1Ds. The narro 1d beacon
signal s may® b‘H%lr{Oé‘Etoédpoghs q gﬁarg' dluptrale ﬂl’:}%é’&tﬁﬁ'f[:‘?%\é\%%ﬂt@' ‘ffallatr%‘?’eﬁg and
the set of paEE&haI&R!illudikBve ddMPbidits, bldeks, b daROVreaitsd 85 @hs Bhv@bben
apparatus 1800 for perform ng cell searches. Apparatus 1800 i ncl udes
neans for r 8esribedaboys ernseby bk pftha dinstordics nWhefresspsl Fmshenatit on
signals fro L i Y, hodt : )
means for r%@?%%lﬁg@ﬁg?l%dv“\%gengg Sgég‘g%% SI glgaglb@bg \r,\eggq%ftécﬁ%?zah? ichfto Jand
subcarri er sdésigndédnfeaiatn impysathoh tipeovepdlssysiemah$lahed drésdne awgrimplegral the
are transm t%segb dn‘é][ice) aii%'14l)h’ neans_ f ore det ctiﬁg for cel,l.s bglgted pn
the wi deband*Sr P arSPeuSHlRT Ihi PRI NVAP JfRRIEC PSR RISy nRE S
cel I's ( noduirspldBditionndsisonk ahonldait ibt ihwgpreled acicadinged ldspdhmse todnthe
t he wi deband secgndar syncgroni zation signals transmtted by these
cel I's (rmoduf%Ps8a By Presem dpele8¥es or performing nei ghbor cel | search
based on thg)ms;r OVt 3 RAlriBRA R 4t ivE NSiSal tHIGHRE Mnbd 6k, BMd tcBui&edds&ibed in
(nmodul e 1820). [00118] FI G 19 shows a design of a process 1900 for
FDM beacon €9msetinssitiviic gisclasye dere, may Weawgﬁme@teg@apermeéémh a general-

(bl ock 1012 P PEREHrR dRAFARAT REROEDS, AF SfhuRtid DEREG™ EPRE

1914) . The bieaciofh¥Cyralicldpdardnemaile katastrap (EPGAher otbérgpragramenabledogic

frequency divi.si o |tiplexed on different parts,of the system
bandw at b ( Brock ey s SO Babist st el CLb S irpe i h e by vy
subcarri er s céombidatidnr thtrepfidsigbd th@edyiad e Manidng dedtribed détiher &ndeneral-
synbol periods in which th% beacon si nagI i.s transm.tted. The at

| east one oPWEPSCSIRIFTOr MAY D5 @ TEIoBEACT e hulda disiitemarive. e rpressoy s be
bandwi dt h i Bn} B&veniel prB&dstRdSonkBIIM inidloddAR0IRG 2610 tS nfhBihe.| & processor
transmtted. The at | east one other signal may conprise (i) a prinmary
synchr oni zategglsgibg igplemigred aor capelinatign oé eamphing devieky, ¢-& ¢ cerhbipetian of
26 search apd Lii) .a S i zati i u r
ol i 1 dont i Fi OoF onlt ey pREGARCAL, SYmHLAR) K Wit SR 57 Ters
beacon si gnalicinprpcdseors oadoahinetianditideDEP rbredt dogoéetr suvhtchefigysioem

bandw dt h. ransmt _power of.the beac si,gnal ,and the transm
power of thg&g% E]I eds %?Pg \?Ifﬁe‘?“"%‘i"gn"& ﬁ%@%ed%g?a%erdﬁnnéwg?@dwﬁ {]’ﬁe
fracti ons oflistlosurs ist@mdbearechmiaiiivd Wisedlyf i@mhatdiass irbi gitelase mbORd cuted
FIG 20 sho a design of an aﬁgarat s 2000 for F beaco .
transmi ssi oY *APPEESELY BopePnNEH Y the ke f dt S @Fa%q% Hay, gsidsin

signal, e.gRAMaSSShPNALREARAY, RORP LR PAEIR M OheBo) e BEBROKP FRmory,
(nmodul e 2012), neans for generat Id\l%% at | east one ot her signal (nodule
S

2014), and meags.herd diske g ieneiblgidiskss 6R-REM opimyathey fereofséregsrmedium

i gnal and t j i

Syet em bandingrAn wEaR A0GRIEY sRkaRReath BblGEEM B3Rl sidi e

process 210bcfgocehdh/cieaed mforewept from, byd writdinfoBeattmno sthy siatage mayivoe
i ved f irst t of the.system bandwidth (block 2112).

G her 51 gnal byl i ltec PERTE PLETARE) ¥ B bRBSGy Shghocessor

and the storage medium may reside in an ASIC. The ASIC may reside in a user



[ 00126] The steps of a nmethod or al gorithm described in connection
with the disclosure herein may be enbodied directly in hardware, in a
sof twar e Rpgudegoesgcuted by a processor, or in a conbi patxemdéside
two. A software nodule may reside in RAM nenory, flash nmenory, ROM
menory, EPROM nenory, EEPROM nmenory, registers, hard disk, a

renovabl e di sk, a CD-ROM or any ot her “4%orm of storage nmedi um known
inthe art. An exenplary storage nediumis coupled to the processor
such that the processor can read information from and wite _

i nf or mat i onter@inal hdn dhe pleraatitied thgnproressernandafhicetiorass wedivih anayt wpide s
medi um may Qgcgegtcggl&glllen; QnLhs.RLAGEgSOr . The processor and the
storage nedium may reside in an . The ASIC nay reside in a user
28 term nal [001R7}t hén aditee pnatore egxenipbarpr desizss otheafichctibies deseribge nmaydibam
may reside as_discret.e conponents in user termmnal. . [00127] In.o

or or e exe NP HE4F (v EHe SPINEE) SRENaEs P B TEDTBEOY rprEHent Ba
i n har dwar e imgiethémed B, softwara\efeefun®@ion® Mty G0 Blrdiadd enirdnbitRafoved 4s one or

i npl emented in software, the functions may be stored on or )
transmi t t ed MoPesEECtgRS ohFodgre? F?@P‘%tﬁfcrte?%ﬁl?g IB?‘EIE‘BdQO‘BH“" r-readable media

conput er - r e 3laRkELITE BbrHp torGRITHE REdd SRR BuIRALR mebfaliMFein P/ ncdium
conputer storage nmedia and conmuni cation nedia including any nmedi um
that facili that ésilitgtemainster of azopwrist PELrIsE FGFaencs Platn torfaofrhc e siorage
anot her. A [ [ g&qﬂj - .

accessed byﬁjtaeafélen rgagleaqlg%rV %ga’s{’éeb%?‘ﬁgglé‘??@] ﬂe;a)%lr:%%se czg%%ugltadﬁeP @ﬁsfbo\%as{}e%dfl
exanpl e, angdumpose tammputet | By wagudhexempizyted noehdaiion, wedi congarter-readable

conprise RA EEP r ical disk stqgrage
et o ar HedB P SGEPOR BN b ver RO PG A Ertel G opate,
medi um t hat nghetidelidkssstagOorcalidrindphetid SorRodl@sidee,thrphg ofhaMmetide MBeeds
in the formof instructions or data structures. and that_ can he
accessed by 28 UEdrie FHTY pLYYe desisH PegsEy §pdereans dethe Sorpeldpstrughions or data
gener al - pur pE&SueY aPBs! Gh-RUWCBASS B 9%&%?&%@%&@91’ sp%a)ﬂ-ﬁ&?&%%h@ﬂtets
properly terned a conputer-readabl e 'medium For exanple, if the

sof t war e i SOf PIBITRIENUWEPPSE o rsperidlaygiose prosessoler Alsgr amt penneetimpis gproperly

source usin g’;rf’ﬁe(% g ?&Y}-@.Lt%&% %J§§561 rﬁ%@ﬁé\n 9911 éxﬁmﬁ%b if fhe s{o%fqu trpr?sh{i’%esd from a

di gital subscri reless'technol ogies suc
i nfrared, radbgte, sarckryorortianaemote tshidme tifieg e @axiidl|cablapfiler opfibesble piised

cable, tw sted pal DSL, or w reless.technqgl ogies such. infrared
Taai o and ArLyba srsper Rar TS B Mk ESTRRrARERS s iRt e e
and di sc, amitiseavd)elia the dorghlugidte, THBPaplic ditss; thidkdd, pdiaIBSL, brSwireless
optical disc, digital versatile disc (DVD), floppy disk and bl u-ray
di sc wher e io8RAIORISI BIch s ARSHER TRBEOaERaMiFEHEE R inoidedin the ¢afigition of
reproduce d%{eaiu?fptnligﬁ&rldydiw, fﬁpuéeta%fem R @g%qb&@%isgf(cbﬁlga%pﬁl\é@, optical

shoul d al so be included wthin the scope of uter-readabl e nedi a.
[00128] The dpeedigalsvesratier dige (BND)f floppy dsks endoblurray idiscpwlnre deslis manally
enabl e any ski.l | i e .al u t he.: dj;sc u
Vari ous md?ﬁr@a&? ¥ oérﬁfigrl t%g%nﬁgcayp 5cC olfseuﬁjfelscgvrnﬂ}lé?rogecer ggt i P@"ng alfvgﬁt L o
t hose skil | €@mbmatibes aff the @ose tsheuld elver bec inphidad ivpthés tidedcope df lvemeutar-
may be appli eaﬂ 1%10 other variations w thout departing fromthe spirit
or scope of "{HE" G Posure. Thus, the disclosure is not intended to
be Iimted 16012Be ephama@SusaReripash 6N thedRRMsiREE pRRTdRE o badbld syt Rrda

accorded the w dest scope consistent. with the pri nc_ifpl es and novel
features di skileddhnaitdr make oguspfigrdisedoserea) Yatiouy mogifisptiggs to the displosyyg

apparatus f %ll%rr@id??fapﬁ%}l@i‘f{lkﬂitﬁ&kisﬂﬂled Qﬁmiﬁiaﬂgﬁl]e ]generi@brih&?l%% fd@f‘i}%d

processor configure 0 determ ne system bandw d roma se

possi bl e sydeusin banboipitied o pbederatimaneitizpus depagingsiiere drer spaitsoryserts] o
for a beaco’&lesaigcﬁ@%rebagﬁﬂ 81? didds r%%% 650 RApdw @il 1irﬁ‘ﬂ?egi £ I ERGEACand
a oh o] and a nenor )})

t he beacon sign ase he se subcarriers; an
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



4. The apparatus of claim2, wherein the at |east one processor is

. confi gur e¥O12008BBWEt t he one subcarrier fromthe set of PEGHEANT DSBS
based on a beacon code indicating which subcarrier to use for the
beacon signal in each synbol period in y?ich t he beacon signal is
transmtted. 5. The apparatus of claim1, wherein the
subcarriers usable for the beacon signal have a predeterm ned

spaci ng, and wherein the nunber of subcarriers usable for the beacon
signal is WXBALIR G NHMEPSHi ned based on the syst em bandw dt h.

6. The apparatus of claim1, mhereingﬁggl er of subcarriers usable
for the beacon signal is fixed, and ein the subcarriers usable
for the beacon signal have variabl e spaci ng determ ned based on the
syst em bandw dth. 30 7. The apparatus of claim 1, wherein the
at | east one prdcessdm iparsbrsfiogwitelgss eongmtacationecamprismgrber  of
beacon signal s Lo %ransnki based en tg§ S %ten1baqgmkg§g..t 38% £
The apparatus of* (52 FACEORREF SR TERE R FFishTpe sHaen, Basigh fiopm aset o
conf i gur ed pogsigle Rgstéerth dafdhieidiBamaittGingied sdtof bltRagisd @abRIFBENOEHON isfnal
equal to or less than a predeterm ned value, and to generate nultiple
beacon si grvases orf therystsipshandidihdatiditoreansragpy digthspconnagned fhased on the set of
predet er m 9. A nethod for wireless comuni cati on,
conprisinggﬁgwﬁggggPﬁining system bandwi dth froma set of possible
syst em bandw dt heheretyenuplad agtha asRbstehe prdvesor.i ers usable for a
beacon signal based on the system bandw dth; and generating the
beacon signal based on the set of subcarriers. 10. The net hod
of claim9, whenein thg ?Jtéé'd?gc%ﬁﬁ R?%@&ir?'tﬁ@aalt Q5P bhe Socessor is
mappi ng the beacon signal 'to one subcarrier 1n the set of subcarriers
i n each symbofigyed twohap thevbéachn sigpabmamersubégnial inithe setafsubedreels in each
11. The netho f claiml0, erein the gener.gting the beacon signal
further co ?ﬁg@%ﬂmd1%g%&gﬁp%?ﬁﬁ°%m§8566 aWﬁBﬁg%g pattern based on a
cell identifier (ID), and selecting the one subcarrier fromthe set

of subcarriers based on the beacon hoppi ng pattern. 12. The
met hod of clai m39, fdheheppasdnprafselagn 2, whercifetthe ndtnleast ohe proedsegr is

of beacon %bﬂﬂ&lréd Eoodettér%ﬂﬁé@ EJ&(R:%% %gpﬁﬂg %Q&erﬁ%ﬁge%rgnb@@&f/\fdgﬁt&her (ID), and to

select the one subcarrier from the set of subcarriers based on the beacon hopping

pattern.

4. The apparatus of claim 2, wherein the at least one processor is
configured to select the one subcarrier from the set of subcarriers based on a beacon
code indicating which subcarrier to use for the beacon signal in each symbol period in

which the beacon signal is transmitted.

5. The apparatus of claim 1, wherein the subcarriers usable for the beacon
signal have a predetermined spacing, and wherein the number of subcarriers usable for

the beacon signal is variable and determined based on the system bandwidth.

6. The apparatus of claim 1, wherein the number of subcarriers usable for
the beacon signal is fixed, and wherein the subcarriers usable for the beacon signal have

variable spacing determined based on the system bandwidth.



13. An apparatus for w reless comuni cation, conprising: means
for det erWOr0PR4033385t em bandwi dth from a set of possi bl ePEVAISIHT/078369
bandwi dt hs; 31 means for determning a set of subcarriers
usable for a beacon signal based on theygystem bandw dth; and neans
for generating the beacon signal based on the set of subcarriers.
14. The apparatus of claim 13, wherein the nmeans for generating the

beacon signal c ri ses nmeans for, nappi pg the.beacon signal to one |
subcarrier in tHe setl §f 2BRAHYE rqfeFlég'ﬂ?nﬂeéiV ey, %Iatpg??‘o&n? rPTRFSERT 18

the beacon 3hgRabd kS dibRMaEHEd Sfnber of beacohBignhiCtoAPRSMAHASeChn HeadyPem
14, wherein the neans for generating the beacon signal further

conpri ses rveadwidflor determi ning a beacon hopping pattern based on a
cell identifier (ID), and nmeans for selecting the one
subcarrier fromthe set of subcarriers based on the beacon hopping

pattern. 816. Aneghiaifind &Fdaling NMEUhemic ARPritSicas bRStFHEdst@NSs
whi ch, when executed by a machi ne, cause the nachine to perform

oper at i ons PnBguTed Fygengetees e Sgral ditho st baniwidbris equabto gsfless than
possi bl e s%igrgcigtgﬁﬁrgé’& \gathh]eis, and o %ﬂng% % ﬁléfﬂé)@és ?%&&8% g%é%ggfttﬁg Qgs%%’{l h&hdwidth

usabl e for eacon sSi gnal "base
gener at i ng i peafectan thesprodatrmiinsieean the set of subcarriers.

9. A method for wireless communication, comprising:
determining system bandwidth from a set of possible system bandwidths;
determining a set of subcarriers usable for a beacon signal based on the system

bandwidth; and

generating the beacon signal based on the set of subcarriers.

10.  The method of claim 9, wherein the generating the beacon signal
comprises mapping the beacon signal to one subcarrier in the set of subcarriers in each

symbol period in which the beacon signal is transmitted.

11.  The method of claim 10, wherein the generating the beacon signal further
comprises

determining a beacon hopping pattern based on a cell identifier (ID), and

selecting the one subcarrier from the set of subcarriers based on the beacon

hopping pattern.

12.  The method of claim 9, further comprising;
determining the number of beacon signals to transmit based on the system
bandwidth.

13.  An apparatus for wireless communication, comprising:
means for determining system bandwidth from a set of possible system
bandwidths;



17. The machi ne-readabl e nmedi um of claim 16 which, when executed by
t he machi W€,208#433¥5t he machi ne to perform operations fuPER&B2007/078369

i ncl udi ng: mappi ng the beacon signal to one subcarrier in the
set of subcarriers in each synbol periog;in which the beacon signal
is transmtted. 18. The machi ne-readabl e nmedi um of claim 17

whi ch, when executed by the nmachi ne, cause the machine to perform
operations further including:. deternmining a on .hoppi n ttern
bhseq on o cel | e G arTipg o ST SheBEGeb b AL S Poaal Bpsed on
fromthe sehe §fstettbaRRidg! sndpased on the beacon hopping pattern. 32
19. An apparatus for wirel ess communication, conprising: at

| east one procedsns furgeheatingithe beehonsignahlassd en the setwidwberticsr om a
set of possible system bandwi dths, to determ ne a set of subcaniers
usabl e for beacon signals based on the system bandwi dth, and to
detect for the QﬁaCOWh%iaQP@JaﬁlsM%ﬁ@nQB, tvheresethe heantl BGehb@fifg tiRMEadon
menory coupled to the at [east one processor.. 20. The |

appar at us Gf2nél sQmPTisTs mgeas ETmepEng the egeen sigaalpiecueswibeartier in the set of
configured | at.i qr j .. ; whi ch

t he beacon Sé?%a%g‘%ré 9{3{%&89? ?ﬁﬁ@rﬁ% §1t0 ggh %’g{cggﬁé;?ena%érﬁgg%h}gsg{rérgs%%%ks', to

det ei m ne candi date subcarriers with received signal quality
exceeding a threshol d _based on the received, synbols, and to .identify
cel I's transnittilng t HRC5EBEEHS S Glin d 4pwdeginine iprang S @egsaiptng the beacon
subcarri er §iona| further %hprﬂé@f apparatus of claim 20, wherein the at

| east one processor Is configured to identify the cells transmtting

t he beacon si gnahen$ fortdetarmivasgd beacdndmppmghwippinnispspdivn erced idemtificr (ID),
di fferent poasi ble cell identifiers (1Ds). 22. The appar at us

of claim 28™wherein the at |east one processor is configured to
identify the celph@n} fa@lectihg Ak drtesubeAsien idhoihalsst bfubbaticRanes o iR
beacon code indicating which subcarrier to use for a beacon signal in
each synbolbepromihogipingpatéersh possible cell identifier (1D). 23.
The apparatus of claim 19, wherein the at |east one processor is
configured to detect for beacon signals received froman entire

syst em bandwi dt N6 f themaysiersabanewhedibm sopgtisihet thsatictionsSwhivhD ®hen
predeterm ned val ue, and to detect faor beacon signals recejived froma
portion of CEATeALt BRABHAGKRRCHDS machiae tparomOpRHRPR BCluging; eat er

t han the predet ] : .19,
wherein the at ﬁ%{%{? or%ﬁjsfrégébeaélggrldt}lg% &%gﬁggﬁgﬁ?{lggjﬁeﬁ? E%ﬁﬁ%ﬁ’i al
cel | search baseldtconimnyma ketarfispbtaroers skgials a bansmiizhadabyd on the system

bandwidth; and

generating the beacon signal based on the set of subcarriers.

17.  The machine-readable medium of claim 16 which, when executed by the
machine, cause the machine to perform operations further including:
mapping the beacon signal to one subcarrier in the set of subcarriers in each

symbol period in which the beacon signal is transmitted.

18.  The machine-readable medium of claim 17 which, when executed by the
machine, cause the machine to perform operations further including:

determining a beacon hopping pattern based on a cell identifier (ID), and

selecting the one subcarrier from the set of subcarriers based on the beacon

hopping pattern.



33 cells, and to determ ne the system bandw dth based on system

i nf or mat i8R 2PWBOEIB&d from a cel|l detected by the initia?cgﬁﬁywygﬁﬁﬁh.
25. The apparatus of claim 19, wherein the at | east one processor is
configured to periodically perform neighgpor cell search while
operating in an idle state or an active state to detect for beacon
signal s from nei ghbor cells. 26. A nethod for wreless

conmuni cati on, conpri sing: determ ni ng system bandwi dth froma
set of possible system bandw dths; determ ning a set of subcarriers
usabl e for beacqp, si ghadppaiamdsr @teleheconyfitngtatRancshisrig: and
detecting for the beacon signals based on the set of subcarriers.

27. The nethod ef leabtzins rEesesicrcafiguich do deteanii iysttwrbanpwidie digna set of

signal s conpr.i.ses erform de tol f h .
et od i n WRIHE Sricp bandhlfy iR IR F PRt ekl 5081 R R onainel
synbol s,  based ondiit Vi ibagdwididafdtedaed dar the ®esconisighalsdnetd/@dthe set of
signal quality exceeding a threshold based on the received synbol s,
and SeRGISSiaRd celIs transnitting the beacon signals based on

t he candidate s ' d of claim27, wherein
t he detecting fg?&?ﬁg&%éggg%ﬁyPS%g%gmfﬁggﬁgggggnprises i dentifying
the cells transmtting the beacon signals further based on beacon

hoppi ng patternsg for different passible cell identifiers (IDs). .
20 " Tha het hod o ol A SRS Qeithd St et ingcr 8t e CBEARBFESSOT i
signals CO%Bﬁﬁ%géd to perfonq%ﬁfbﬁhﬂﬂoﬁ ®r egﬁﬁéé\imﬂibdc? ?9{@@& § weER thea aldniR A

entire systembandwdth if the system ban is equal to or less
than a predet éeninngdd valabgin aeetived symbadiette odetargpifeo carslidato subsiagieas gvith

banaw dt h FERbRARTEr BRI RESHREER BT Vel oo né RSV silbols, and 1o

identify cells transmitting the beacon signals based on the candidate subcarriers.

21.  The apparatus of claim 20, wherein the at least one processor is
configured to identify the cells transmitting the beacon signals further based on beacon
hopping patterns for different possible cell identifiers (IDs).

22.  The apparatus of claim 20, wherein the at least onec processor is
configured to identify the cells transmitting the beacon signals further based on a
beacon code indicating which subcarrier to use for a beacon signal in each symbol

period for each possible cell identifier (ID).

23.  The apparatus of claim 19, wherein the at least one processor is
configured to detect for beacon signals received from an entire system bandwidth if the
system bandwidth is equal to or less than a predetermined value, and to detect for
beacon signals received from a portion of the system bandwidth if the system bandwidth

is greater than the predetermined value.

24.  The apparatus of claim 19, wherein the at least one processor is

configured to perform initial cell search based on synchronization signals transmitted by



34 gp An %gparatus for wirel ess conmunication, nE{ §¥
means for V@SN Png syst em bandwi dth from a set of poggF S@”@@ &
bandw dt hs; nmeans for determ ning a set of subcarriers usable
for beacon signals based on the system Bandw dt h; and nmeans for
detecting for the beacon signals based on the set of subcarriers.

31. The apparatus of claim30, wherein the means for detecting for

t he beacon ;s 0 rfo L9l J
for each syn{)"‘sar%‘f)ierloegg%Jll %;h(ﬁysﬁﬁég%ggﬁgﬁlé?gﬁa s§§%@9]§§%§%%9?%g§%%9
obt ai n r ecetoned cely diredtsd by the initiabastisschieh. det er mi ni ng candi dat e
subcarriers with received signal quality exceeding a threshold based
on the received synbols, and means for identifying cells

50" The. appar at oo of Sarthgges cParith OB, WE B HaC R BBt 8P BofisRor is
t he beacon cenfipats td pasridnlecrally@n:fbnﬁ esighbanslifsearch derilei dpgratigg il en ddt lswte
baerorne. O oA B D ety o e dBop Bl " "
machi ne-r eadabl e medi um conpri sing instructions which, when executed

by a machine, cause the nachine to perform operations including:
det er mi ni ng syst2ém baéndwﬂ@tllfmfwmdﬁa mtrnmﬁcqmssctdmhgmsmt em

bandw dt hs; determning a set S ani er sabl r ac gnal s

based on 't he oy SeEmARRH R B ERE £ 54l o AR Tn s el ERRE R B <

based on the Setde&hnﬁﬁl:ig"@rséﬂ & §ubcarriers usable for beacon signals based on the system
bandwidth; and

detecting for the beacon signals based on the set of subcarriers.

27.  The method of claim 26, wherein the detecting for the beacon signals
comprises

performing demodulation for each symbol period in which the beacon signals
are transmitted to obtain received symbols,

determining candidate subcarriers with received signal quality exceeding a
threshold based on the received symbols, and

identifying cells transmitting the beacon signals based on the candidate

subcarriers.

28.  The method of claim 27, wherein the detecting for the beacon signals
further comprises identifying the cells transmitting the beacon signals further based on
beacon hopping patterns for different possible cell identifiers (IDs).

29,  The method of claim 26, wherein the detecting for the beacon signals
comprises

detecting for beacon signals received from an entire system bandwidth if the
system bandwidth is equal to or less than a predetermined value, and

detecting for beacon signals received from a portion of the system bandwidth if

the system bandwidth is greater than the predetermined value.



34. The 1 é%é@-ﬁ@gdabl e medi um of clai m 33 which, V\henﬁm%ﬁﬂmﬁg&

t he machi t he machine to performoperations fu

i ncluding: 35 perform ng denodul ati on for each synbol period
in which the beacon signals are transn 84ed to obtain received

synbol s; determ ni ng candi date subcarriers with received signal

qual ity exceeding a threshold based on the received synbols; and
identifying cells transmtting the beacon signals based on the

candi date subcarriers. 35. The nmachi ne-readabl e medi um of claim 34
whi ch, when exed(t ed Awarphetuseohivivelcscausautihgiomcdmprsitg per f or m
operatlonsfurther in Iuin:.. i d nt|f ngthe cell .

P aner 11 ng t ndngahcoh G Tinine wrterbopau i SroBeacsh Sopprite system
patterns fqungiidfigr ent p033|ble cel | |dent|f|ers (IDs). 36. An
apparatus for wrel ess communication, conprising: at | east one
processor confi gm‘aaslfczr@lewanemg meetWSulEmﬂmmmbhttfhr eaoon sigeads baoskd on the
possi bl e syst.em,ba dt to generate a w deband synchroni zation

si gnal assgxﬁngﬁ &W?ﬁl g syst em bandw dt h used by user equi pnents
(UEs) for initiahcati®fdr deRBfigI I or tiR: IRBGT AEealabaad b eantoeBeResi gnal
used by the UEs for neighbor cell search, and to send the w deband
synchroni zati on signal and the narromband beacon signal; and a nenory
coupled to the at le 3 p t i

6. "uher ei n the dt I ang ARl SE3EE, 30 Mnesp i BRARNR T Blecfpf Bt e

wi deband S)b@mcsﬁgnaﬁtdoﬁiprsegnal to a fixed port| on of the system
bandwi dth, and to map the narrovx/oand heacon si gn%%to dj fferent

subcarriers in diRREFIRCTOYREEdepOARIaHn for cigh @e%%@mo%agaw beacon
beacon si g@?mlss&r ﬁ@r&ﬁﬁ&é&%@btauﬁme{@@@n@ﬁ?& gatus of claim 36, wherein
n

t he wi deband synchroni zati on si gnal I SEs a secondary
synchroni zat i on nsiagmafor detctmihiegecandidate stibdapast witk recoved signal squality

confi ggredgto ener te%(télggl8§e cong %Fﬁ'éncm%zll zatl on Si gn?I based ;)n
a pseudo-r Wﬂ’rt’@eaq@@ﬁ and to generate
the narrowband Qﬁ@ﬁ@nfoﬁl19&%[@#&%5Qéllsoﬁ'aﬁsrﬁﬁﬁfgo'ﬂhé“%woﬂgs@ﬁélﬁ SRed Un the

the cell 1D
candldate subcarriers.

32.  The apparatus of claim 31, wherein the means for detecting for the
beacon signals further comprises means for identifying the cells transmitting the beacon
signals further based on beacon hopping patterns for different possible cell identifiers
(IDs).

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

determining system bandwidth from a set of possible system bandwidths;

determining a set of subcarriers usable for beacon signals based on the system
bandwidth; and

detecting for the beacon signals based on the set of subcarriers.

34.  The machine-readable medium of claim 33 which, when executed by the

machine, cause the machine to perform operations further including:



39. The apparatus of claim 36, wherein the wi deband synchroni zati on
signal conprises a primary synchronization signal used by the UEs for
cell detection during initial cell search. 40. An apparatus for

Wi rel ess conmuni cation, conprising: 35 at | east one processor
configured to determ ne system bandw dth froma set of possible
systen1bandmndths to perfoarminitial cell search based on w deband
synchronlzatldW‘§F@W&ﬂ%maﬁﬁﬁﬁﬁg@bﬁmﬂﬁfmb@ﬁ@“@@§¥%@?%ﬁﬁdﬁﬂ@ﬁﬁ%ﬂﬂsme
transm tted b0l btﬁta;nr}e@el\y‘\gd glln%]g comuni cation system and to

per f orm nei ghbor ce sear ch based on narrowband beacon signals
transmitted byletehminged ¢apdidatedubcamiarowith cmaptasighd qublety akcdediagts one
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synchroni zati on signal used for ceII detectlon during initial cel

search. 37.  The apparatus of claim 36, wherein the at least one processor is configured to map
the wideband synchronization signal to a fixed portion of the system bandwidth, and to
map the narrowband beacon signal to different subcarriers in different symbol periods in

which the narrowband beacon signal is transmitted.

38.  The apparatus of claim 36, wherein the wideband synchronization signal
comprises a secondary synchronization signal, and wherein the at least one processor is
configured to generate the secondary synchronization signal based on a pseudo-random
sequence for a cell identifier (ID), and to generate the narrowband beacon signal based on

a beacon hopping pattern for the cell ID.



47. The apparatus of claim 44, wherein the at | east one processor is
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at | east one pPr'OTEYEPURE IR PYEF LA OFEF Form i nitial cel |l search
based on the secondary synchronization signals and to perform

nei ghbor cell search based on the beacon signals. 52. The apparatus
of clai m¥Po, wherepaatpel Jeinet0,sihgred e aolpit pBepIPe¢saeiriy configured to
synchroni | I J: e or is
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sequences for a set of possible cell identifiers (IDs), and to detect for the narrowband

beacon signals based on a set of beacon hopping patterns for the set of possible cell IDs.

43.  The apparatus of claim 40, wherein the wideband synchronization signals
comprise primary synchronization signals, and wherein the at least one processor is
configured to detect for cells during initial cell search based on the primary

synchronization signals transmitted by the cells.

44, An apparatus for wireless communication, comprising:
at least one processor configured to determine system bandwidth from a set of

possible system bandwidths, to generate a beacon signal, to generate at least one other



det erm ne bandw dth of the beacon signals based on the system
bandw dt h.

signal, and to frequency division multiplex the beacon signal and the at least one other
signal on different parts of the system bandwidth; and

a memory coupled to the at least one processor.

45, The apparatus of claim 44, wherein the at least one other signal comprises a

secondary synchronization signal used for initial cell search.

46. The apparatus of claim 44, wherein the at least one other signal comprises a

primary synchronization signal used for cell detection during initial cell search.

47, The apparatus of claim 44, wherein the at least one processor is configured to map
the beacon signal to different subcarriers in a first part of the system bandwidth in
different symbol periods in which the beacon signal is transmitted, and to map the at least
one other signal tb a second part of the system bandwidth in the symbol periods in which

the beacon signal is transmitted.

48.  The apparatus of claim 47, wherein the at least one processor is configured to
determine a first fraction of total transmit power to use for the beacon signal based on the
first part of the system bandwidth, and to determine a second fraction of the total transmit
power to use for the at least one other signal based on the second part of the system
bandwidth.

49, The apparatus of claim 44, wherein the at least one processor is configured to

determine bandwidth of the beacon signal based on the system bandwidth,

50.  An apparatus for wireless communication, comprising:

at least one processor configured to determine system bandwidth from a set of
possible system bandwidths, to receive beacon signals from a first part of the system
bandwidth, and to receive other signals from a second part of the system bandwidth, the
beacon signals and the other signals being frequency division multiplexed; and

a memory coupled to the at least one processor.



51.  The apparatus of claim 50, wherein the other signals comprise secondary
synchronization signals, and wherein the at least one processor is configured to perform
initial cell search based on the secondary synchronization signals and to perform

neighbor cell search based on the beacon signals.

52, The apparatus of claim 50, wherein the other signals comprise primary
synchronization signals, and wherein the at least one processor is configured to detect for
cells during mitial cell search based on the primary synchronization signals, and to

perform neighbor cell search based on the beacon signals.

53.  The apparatus of claim 50, wherein the at [east one processor is configured to
receive the beacon signals from different subcarriers in a first part of the system
bandwidth in different symbol periods in which the beacon signals are transmitted, and to
receive the other signals from a second part of the system bandwidth in the symbol

periods in which the beacon signals are transmitted,

54.  The apparatus of claim 50, wherein the at least one processor is configured to

determine bandwidth of the beacon signals based on the system bandwidth.



