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[0003] Wireless communication systems are widely deployed to provide various

communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] A wireless communication system may include any number of base stations
that can support communication for any number of user equipments (UEs). A UE (e.g.,
a cellular phone) may be within the coverage of zero, one, or multiple base stations at
any given moment. The UE may have just been powered on or may have lost coverage

and thus may not know which base stations can be received. The UE may perform cell
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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



based on the system bandw dth. Wile operating in the
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nei ghbor cells based on the set of subcarriers.
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[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.
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between adjacent subcarriers may be fixed, and the total number of subcarriers (K) may

be dependent on the system bandwidth. Each subcarrier may be modulated with data.
In general, modulation symbols are sent in the frequency domain with OFDM and in the
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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[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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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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t hese cell s. ferent cells rmy al so transmt
ascrallxs(er@ @hyf fieneartof bieason chdppidingfrpat)t ardisay be afahemwitted at the

t he UE t |1 4
06 O aifterent ronr TR 980 TS fienl nedraRe BAC e stk themag] estimate
b bk dbBve PR ed JERAIY SnBhRH F5r co'h@rehh&’eté&%n@?tﬂ%cm The BSC

state, the UE has not accessed the system and is not
Raw kA smt ath@lgmnelmatmhﬂen@@éraﬁamr up in the LTE
he n Skt
PR o o B8RS B S i MG P NP 2R S Raquence o

slyst efe aImd tpeleteor Mrnge Hegesdd @t these cdIR. thEfckdit ded enay transmit
state, the UE may have registered wth the system but

didlerase SSG SRR abewy dha ks daddentidy dicenanife” Biffare el may
SR80 B e B g PO 20 s o
rentifySRee te0¥8369 8
[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 system may have pertinent context



information to allow the UE to quickly transition to
the LTE Active state. The UE nmay transition to the

woTEsM8I98ve state when there is data to send oPCT/US2007/078369

receive. In the LTE Active state, the UE nay actively
conmuni cate with the systen1o$ t he downl i nk and/ or
uplink. [0043] The UE may performinitial cell search,
e.g., in the LTE Detached state at power up, using a
t hree- stage process. In one design, the three-sta

BrejEsion e yllow h YHdo quickbgrangiionde ithsnl B Agéive atateg The UE may
leh?t%n {oo{he ef[‘]% %C'B@é' ngt QJPEIIP ?ne?esg Mt&‘@& gét{éfe @g%e?éaig.h 8n the LTE

or eac
aetive staﬂeplthe UEEﬁiay rxath‘&li b@qmaﬂmyteoﬁlﬂselb sgstemahaha ebwnlink and/or
res onse for each detected cell; 2. SSC detection

gl a. (obtain frane timng for each detected cell,

pmg 3p- %Efdafga%rﬁﬂn%l g@u GRArkh b@%e@h AR the D%'é.{ehed state at

nsmtted by t'h 3. Br'oadcast channel
p@@bﬂ) upl ewspai b athicerstage ayecesa.  18boai dessgrs ttbenthaerdtaigdtpnocess may
fn}é |c prefix |length, and other systeminformtion
°t he BCH of a detected cell. [0044] For the PSC
det ect|8n stage, the symbol and frane timng may be
unkinofRC detestiohaagss may corr el ate a received signal

wth g '@&@ét'fé/r &ﬁ&‘?%sr%ﬁt%? rgg@%(? b #Ed By thAlchiker ent

ti m ng hypot heses in order to detect
for PBC Gegquenmbsl tlmn@rfsnwcheidtebgedtchha apdl | s. For the

Poom e baat B oS BN e R e D AT e

SSC hggot heses (e.qg., ceII IDs) to test. The UE may
cork ePat életerldon d¥agi ved signal with different possible

SSC SeaURNGASTanth tu‘ﬂfn %r h‘iﬁ%!e@fé cEﬂ’raange SSC sequence

transmtted by each et ecte th
det ecbi ddergtfpgach c[e@@xﬂﬁi] ceAfttas&rd drhthe |SSCttmllsmu@|dl bysbarah,and
one cell may be selected to serve the UE. The UE may

COrRTUBr@dtast vhanhel (BCH sdmddafrtiogllage n the LTE Active
state or _may canp on_  this cell in the LTE Idle state,

[ 0046% ﬁl?éalaéywév h@@ﬂwwl?n HeligPiIsHx length. agd gther sysierg information
while i rfctrggleLg@IOQIa%getc%H%ehor LTE Active state, to
e

| ook for tter cells than the current serving cell.

05411 AOLIPROTESkly L0 s RGP P,
RCTIHUSEOAY QEB836R 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 in 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



9 bandw dth, synbol and franme tim ng, and cyclic

prefix length. In one design, the UE may search for
woedoglobaess cel | s by correlating the received siBEERUS2W0T/678369

di fferent possible SSC sequences in the sane manner

as for the initial cell searcg. However, continua

nei ghbor cell search based on“correlati on nmay consune

excessive battery power at the UE. The initial cel

search may be performed _only once at power up,

. : and
hanghvidths sxepbol and feyme bmingaid srclicopredix dength- gwmeo@esegn, the UE
T RoTH 1% ARREP LA o R e RORLAUELL gt possio
BeGoequdnows methe shmeanamleexs for thmynibel ddligédaychd eHowedadrecontinual
faor nei ghbor c%ll search in order to reduce battery
peaRhor G sepR Pated qroeateation My sUIERE CXRRSSIYRIDHCTydower at the

r banal i
PSR, AR5, RREPHAT A TSR SO0 PhRNR o i b
howtr powemptian rfomdasteris pgmal of conpomenbs acecpgable.onTlon&/E may

or few subcarrier that may be. much hi gher in_power
AL PRGO ATy ghid) SABHORTS s P Aok dfRFE, low search
dhiBplegiae ARy Yedigly MRYirde fdt HRRABEHcAf scarcheidURB&aodEduce battery
beacon synbols. I n one design, a beacon synbol for one
bewiergensingpigin. i s an OFDM synmbol in which all or a

fraction of t total . cell transmt.,power is .
(B3 ¢ o7 B EheSsBnslebar ARty BBt BRER Bn lfecon signats
Gyidpdttcdrdy fhavellsal A Bdacén Isihge ifdhates igh poweh@atrotvBhnd signal
cell transmt power on a small nunber of subcarriers..
FIRPRUICES] (98- PReOTCOPT G niyberasiess) hatomay def gruch Hegher in power

g&ﬁ%ﬂ@% 11§ PRLCH oD %g&p s \‘7\!}1599 BataU SifRal®NeThS %Q&c%fnr éigﬁal may be
I'n each synbol éerlo I n Ich the~beacon signha

torapssad toff edkeqsinee @f deadoarsyenbatsd ulmt oref desipar gybeacn symbol for one
%ransnitt d on just on ubc trie[, a beacaqn sign
HOBSIEREA Fb(QFLAY: SEThel BEH Al 5y G ARSERT Abihsototal cell

frdtdnft HANR)is ubQOB8bnd QuiRBRIHEH Giher SRGIEL BERBR ts%??é)l may have

search may include: 1. Beacon detection a. De '
flbor e darde datteorsefbtbartetileradl twinsmitrpoyter o ceima dnghgraif subcarriers.

lity, b. ldentify. i ghbor. Ils. d th
B R Moo BRI ibY it PR eR S p B RO b wses one
Aicaielin €8dH syrhitst JdEodaY WiRaS Wieebdaden dpnal isndkarshadidde! Since a

qual ity for_ the neighbor cell based on a pilot channe
targmampuntedf ¢igravhis teaismitterhen ISt opapubeapart a dwagrn siknal can be

hanne [ 1t] for ect. hghbor cells to
%%%QQVEFgﬁﬁeV%%?@ﬁ“ﬁ%%ﬁkkk@%%%%&§3%$ﬁ%ecisions for the
#0948 s edn oRfc kg, eoiidightiod 080§ caldhemsy Bickidemay have a
confi gurabl e system bandw dth, which nmay be selected
from Bes®h Rfcchi®ssi bl e system bandw dths. I n one

design, the possible system o ' ' '
a. Detect for candidate subcarriers with high received signal quality, and

b. Identify neighbor cells based on the candidate subcarriers.

[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



bandw dt hs include 1.25, 2.5, 5, 7.5, 10, 15 and 20
WMHz. O her possible system WO 2008/ 033985

wEANBER8D7/ 078369 10 bandwi dt hs may al so be PCT/US2007/078369
supported. The UEs may al so have different
capabilities, which my be characterized by the
bandw dt hs supported by these UEs. In one design, the
UEs are assumed to support a m ni num bandw dth of 10

0051] In one design, the nunber of beacon

g%m% s ot plapdiel suppgried. c dihe Wy ey alserfavguhitipicat sangbilitics,
datd \er &nﬁéjclpa?gc %1%%8 bérr{ﬁ? ﬁyrﬁféxﬁgﬁrhg?%\@ﬁtg& %Eﬁﬁge% Y& one design,

ban capa
thed NSart a@sumﬁftd) Suppott al’ttlﬁilﬂﬁﬁmdfanﬂ)ﬁﬁlﬂ@ﬂf Hpdd.s within
the system ba dmndth such t 2% a UE with the mini mum

HORdli atlR s gissien; thy PG HEngle i frapit By Acesil may be
EréDM Labid QR YRR HARLY baE&Pé@]thé: § erﬁ’%aﬁg\gi’éﬁh andesd Ot Bindwidth

eacon transm ssion for a system ndw dt h of 20
Mﬂablhltyl tThi gendesi tha cetl eays yenhemt mamdﬁbidnhnmmberbef beacon signals

d t 10 MHz | hal f d
Rathin b 30 Smcio e SHob o Uk g el S blfsiqyn. capabitity
tdierecdif bt 1Bk bne BRQSNSIEnNGRHPhedegnal may be _
transmtted in the right half, and each beacon signa

fﬂ&),SZbovel?I@.to3MEhowsh@ dsErand B rheycdre trapsmissipr tiod a system
kﬁn%dtwgg%gog{gge]{/jgl mZaI§/1 tl& %/'e@jfegllgn tthh %%ssf%{ Stb%nii\ﬁl%quw dtbg paﬁ‘ltloned into a

10 ATz Ral HalfdndtaE) SNEA eght khalfd \Ondtha@ncsi ol hiy tld@rankitted in the
able to receive one of the two beacon S|gnals [ 00

fefidial 3 Bnethendeason sanghmay beMNs@AESHnt the sight balf.grds ?ﬁ‘ﬁl beacon
gﬁ%@{r}%&n‘%@q& h myﬁ%eﬂgg?gtﬁ? tslgo@ne :%t égﬁr;shﬂ@ ds% center 1.25

M1 ofhiak fysaerd bandwidtHvHx IIOI M[’ﬂtz capdlfle U(B’maj?) eparat is icghalthe left or

g&étnlgﬂ?f ﬂ%&%ﬁ{;@tg}tme argi an h\ggtl};},&(t;heéh hﬁggca%% one of the two
B&gg§g@£y§d in the center of the system bandwi dth. A

\WHz “capabl e UE nay operate over the left or right
[ﬂﬂlSﬁ] of Klts 393$1®rw5bandiwglt lof TIDIS)BZI:ieanemrammwpﬂl gfor a system

eacon, Si are transmt S.,shown in .. .
BRREA R N Tiea R s YOS BF St b PR BB be shgitigngd into o
TBYMBE. [bf: NAETHRH LETlS e |rfgh€hﬁﬂt OR@HeBeddf sifiH® magyiset @4Asmitted in
bandw dt h. However, transmtting the same beacon

eacniz4ilf, ag osrlmbradop sigisémeayi eaver [[0BH]z File PRE ghdWSCamay be
for
A5l TPASQSEREN BRTLABLEN, 8 RSB iy orr
U@éfﬂb@leftroam@m I&atledftﬁesmanbhmiwﬁtht ire system bandw dth
and may cover 10 MHz. The PSC and SSC nmay be

10034k i +Whep multiple beacon signals are transmitted, ¢.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 transmitted 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.



in the center of the system bandwi dth. A 10 MHz

capable UE may operate over the entire system
wharndnsish. WO 2008/ 033985 PCT/ US2007/ 078369 RAT/PRDBB)78369

TDM beacon transni ssion for system bandw dths of 7.5,

5 2.5 and 1.25 Mz may be s mlar to TDM beacon

transm ssion for system band dth of 10 MHz. For each

system bandwi dth that is equal to or snaller than the

UE bandwi dth capability, one beacon signal nay

1003Ak i tHIAM bracer drapspaisginn j fpe sesjrn denewidh eff 7 5 [50@§7]md 1.25
f
Syncﬁl§ Kt Zét\@ﬂ%%”’?bﬁa BE&%EW}@%@OQ fol Btdnl? fbgﬁdmdth of 10 MHz.
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Bor &loVisdeah @Bndvlrlrdtlf)tlh&t idegiugno odsm@ b chahrtbeT&H baalwétkls capability,
10  subfranes, the PSC.is transmtted in each of
eRfpPasersichal pay by transpitfodeacepsethesentire sysicm bangwigthst

E@%@]’ e ;. E’ts&ow?&aﬁgi% IYnBidd @fqﬁ@tﬁﬁe@@g{\éhtr&&ﬁﬁ)n signals in

C and also wth SSC, as shown in
Naltle riniatdcoeidgncet wigh BIS(EDM)CIGBI@HI rlammdt:slgm aomldyo b includes 10

PSC th t he, SSC. ral, SC, , SSC .
s e, PRGN it Brrire 8t SEPGHIES it pogihhe SSC is
E’ln@-rmﬁ@d fRe¥SHoR: ARIPIN The HIA RAARNrdnkANEN $&h @ POC and also
a system bandwi dth of 20 MHz. |Ih this design, the

wytbttenrPbanswhawh imEYC b zbhtbmaitl\r@(b}n dlac BRCanay beriganypitted only with
ef al f nd 0 right f .
‘bhe ]% Sy %'h %/g% hlg %ner éhse %/Eé, gs e(fj Sl????rena each be

T
ns cen

bamwmte}dﬁtan@fmebeacon signal may be transmtted in the
ortlon of the |eft half that IS not occupi ed, by the

Shnd H&c. SAndhover apdesisn ofj AN beaggp Hanymisyen fof ey system

f
8BRS B b ey SEGHR s o
IF(IDMIH)B Btdnlf anans i NH{zom]gHt Ginlfa Thy PSEMndBH@ mayllbh t@ahsrbted in the
P B B %R, RSN L0 TR 08 n
pbi@iBh o ﬁtefleft _ﬁgﬁ tllf)acé% %%c%&%tlﬁ@% ansdt Q‘ﬂoih@r bdaldBn signal

center 1. of the syste andw dt h. One beacon
Biay rbaltramatynt@é in tlanportibn ed thenrighd el thatlif nphoddupicd dryttho®SC and
gga is not occupied by the PSC and SSC. [0060] FIG

shows a design of FDM beacon transm ssion for a

F0SHEM  FH@)dBB diHbwafl a 18 of TMOMP Headind tramémid8iyn b®r a system
transmitted in the center 1.25 MHz of the system

bendaxadlthrad, 150délzh eladblﬁ depignathe ﬁwerbévaﬂd‘atdﬁhﬁw@@ rarfitiomed into a
Zggﬁ[g{%el v, hgﬂ{a%doagsé: %Q%géhgltgﬁ}tg ﬁg\gﬁnn%t ﬁ ans&h Be tra[h%tmtted n

fhercesysl eml\bﬂﬂ dnitdtshsemfbakd®idtls @nelbecbn Mdaalrayy b@transmltted in
eeltcrﬂ1 hla?frm the pFo?tIYén 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.



beacon transm ssion for system bandw dth of 10 MHz.
[0061] As shown in FIGS. 4 through 5C, the BSC may be
wo e@guadey division nultiplexed with the PSC pemUSHC7/078369
in the sane OFDM synbol when the system bandwidth is
| arger than 1.25 MHz. The BSC {pverhead may be avoi ded
by using FDM WD 2008/ 033985 / US2007/ 078369 12
[0062] In one FDM beacon design, the total cel

transmt power mag be divided wuniformy across the K
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WE hgy be Bavdtedto & raﬁ&\fob@rfhllf&%[wﬁ/ of fh@rs ﬁ&@fmh&wufﬂ@f The cells
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CapabRESE @peratihg of m&ﬁem@deb@ﬁ the eystaﬁj taaéwidtis sistidd be @bls to receive
is fixed at 15 KHz, ~—and the total nunber of
thetheagan signels fior asishbeigells withaut ssyitchiw feanenavet h.

5B 2 thichk Es GlvBLe eouRanAW Atigqdands Kk
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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 in accordance with one design.
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Si gnal

(Miz)

1.25 128 75 24 1.08 2
300 92 4.32 7.5 768 450 144

Bandwi dt h FFT si ze Nunmber of oPCTBSI0B078369
(MHz) N Subcarriers Subcarriers Bandwi dth K M
256 150 48 2.16 5 512
8 10 1024 600 184

K

8.64 15 1536 900 144 6.48 20 2048 1200 184 8.64
[ 0066] A usable subcarrier is a subcarrier that nmay be

used to send a beacon signal.
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Iarger nunber of usable subcarriers for larger system .
B8 dtdsabls subsatiise i & $bspishhat gy dedised to ad a'beacon signal.
e ' t ths ' i
ESYSEA AR AP GsRBL R0 ROt RAUEF LR v
pédeed] MubKAalh iogé dsyn, bE KIs&al Jubcseioa mapBaced 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 subcarriers 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 IDs, 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.



signal, and the usable subcarriers are spaced apart by

30 KHz. An integer nmultiple of 32 subcarriers may be
wais@BloasdBdr the beacon signal dependi ng on t hePGHESMNT/078369

bandw dt h. WD 2008/ 033985 PCT/ US2007/ 078369 14 [0069]

In yet another design, the nupper of usable

subcarriers for a beacon sign may be fixed, and the

spaci ng between usabl e subcarriers may vary as a

function of the system bandw dth. For exanple, the )
(048] e dunpehrrather dosiesi g magbepef asabigpulicapricrs tog a iygagon signal

ngwl . . i
SR LT Gt e Spactt CHcct HisaBte b B B RRP Al on of the
syse@baidevigthiredior keardglt) the dsatde suticheicu sgdeig; may be 45 KHz for 1.25
subcarriers may be spaced apart by any ampunt. The
Mlvwptet bangantte. QBEG TPt 2.5 S1HA e banbgie cic.

rrier, [ I

B e PRk R B RS BRI defified P he usable
sgaebirersuby ae spaed aparhby deyg kmedntyi Hienumispat useple subcarriers and

et n able subcarriers,.et¢.. The s nunmber of .
(ESEE SRR SBHaE ey s SeteElil baditut e Tl Do B gubcarirs,
frer daliled baaeAnmS HikABdSof AbdtdE Rabday®dry, tHeh@esiedDBMmiMim spacing
usabl e subcarriers and/or the spacing may vary for

betivieen esrblbadeanmicssy gisol Bhe fapg7aymipar@f usaldp ewecapridse and the same
signal for,_one . cell +in accordance w.th an F desi gn.
PP g B o BB SUPBRET RUCDaRR e RERRESE wssble

hereeRrSyinelthd shaciaghnayagy rfdifigrent Hedcaingnde®. gn, a
beacon synbol may be sent in a synbol period reserved
W71 headdfe- 14 shaks eshegron siggal fogsongheshnin Acqordance withyan FDM

anedein ﬁﬁsc‘ h@%né?h%ﬁ%ﬁ/lgg ys?%%?%l (fonliﬂac%e([ BPLAC Bedddh symbol in each

puncture anotl n ‘any case, the beacon
sylidbfrhisic. imynddedig@rstaatéresymivol Inngabd goms it haymbsleperiod reserved

ngwn a priori. by the Ues. [0072] beacon subcaryi er
5 Wi mision p. ha oW i BTk Hothg glepigrs yacon symbol
RAVGEDIaUSRE e DERHRAR GHINALmBLOGAAY SUDARL blRon symbols

may be selected fromthe set of usable Subcarriers.
My Sharansmitted irGoc@jondithidt eredmowmeapider bytlcal/ Es.er s may

ed r different . beacon.s | s,,; and the. beacon .
BibgEEr T A Boasty SUEG ot Beris HED RSy B ST e ARt power
gt for hibehdtd @XMPlAebsdeMRubdAridrGnaybbe Sd1b&ed FofT th seflof usable
is used for the beacon synbol transmitted in radio

subgamicrs. - Ag shoygbiedrl. 6r dixerdng bepsed salnarnidie mgs beawed for different
E&{}Bﬁ’ Is m;aSﬁf‘%g& {htgeodea&ﬂl 51?0%%19& rni?'amc“vat o‘ﬁ?%ﬁé et .)%r%ol to the
'S usea or e peacon sy 01 transmtted In raal

hé&amen theredam2é Shol®QY BIG. S, RGBcadtidr AT s isddI®r PIRY bda@Bn symbol
of the total cell transmt power may be used for one

ahiedtted €h tadicd fReacan- 1Sy sidehrrica Wer i bgh f&Nhdrgads® symbol
achi eved for the beacon subcarrier. For exanple, the
BiRntifted herddeagane s Wabedrrice, ey ubal fonclieBaeon bymbol transmitted

1
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



10loglo(75) = 18.75 dB if one out of 75 subcarriers is
used for the beacon subcarrier wth a system

whanwdnsish of 1.25 MHz, increased by 10logl o( 3R0)/US2007/078369
24.77 dB if one out of 300 subcarriers is used for
t he beacon subcarrier with a ﬁysten1bandmﬁdth of 5 WO
2008/ 033985 PCT/ US2007/ 078369~ 15 MHz, etc.
Furthernore, the overhead for the beacon signal nay be
relatively small. For exa i f a beacon synbol i

|
Mt <t Faehermosh dhe preydrady ietb@l begroaatgnal aeayobe rfrl@t;%f%ly small.
' . i di .
For SRR LORERRIRLCE S il 10 0B BAIERIAT Cach i
beme ast dderh@bel paicasl (¢.¢0. With [0 ankds@adié Shawsind 14 symbol

exanpl e, pbeacon transm ssions for three cells A B and
perigels/subleypelaticn th Regcomoverhaeddseyn 0- 1" t hi s desi gn,

ﬁﬂﬁh] Ce'II'IG!'.mVy Sﬂ%%{pl@ﬂ&cgﬁ%ﬁﬁmsgﬁﬁbg{rlthlrée QRfls A, B and C in

synbol period in each radio franeg, three cells
awprdanem sndht art ABM debgac dn thiy nissigs, ¢avhtded mayrerasymib @he beacon

iod. Ho , the.th el t i t.. thei ) )

Baabal i ofnmanolsria i1 £B fadipdiitu, sbd BLAEF Grlls Mg frapsmit their

BEX0R 8y HBS 18 iMhR 86mB 3$@B0IqRribAE HoRRAE heBRBICBNs may transmit their
atterns or beacon codes for these cells. |In another

easpy AYMbOLS padefferentdehean swhgartieranghich nayeher datesandiend based on the

nbols i.n different symbol riods in order to avoid ..
BERERR b ahig et B s g R RS e g8 Fayy, BB aitfren

genRenay) trafdtyit thepebdton Bfrabsmin diffeadid saipoRp&ibHs ifforder to avoid
i nformati on may be sent in a beacon signal. The
fRlktien obthejrbeasapesibepirieigt s (L) that can be sent in the

n si det erni elr -
[R25Fe 3h MR cralTaty Rt SFUARGeh Blg b BTRSE Hlomeion may be
santlien ofacdeaigosl. sYibalsbrQf inforwtatioh titagLi) niiadraaatbeosent in the
|s sent. . As exanpl e, .if the beacon sjgnal is sent
TooB Sipah w@@%&ﬁe%@%m HEnTBRET Rt usa%l%zwca@e@?am for the
PORSh RlghalVAdURS nlibePofbddbsn YAhMS) (P RRicR R inféntaBn is sent.

beacon 'synbols. As another exanple,” if the beacon )
sisgnakaimplesdrihe bencoR sigaalob ecrd uih 2 musdbde sybcutmers, trea amgtout of 24

of.322 = .102 oss{ bl e val ues, (or a 10-bit val ue

b 7B aRTHIR “pligs BEATRt MBS osfine & arop SgSds pRY another
¥y, TRdhcHRadoRNfigniM {shedlin B aRhife suaaTdrd, @ch dn-ofit of 32° = 1024
spaced apart by 30 KHz) for one beacon synbol and

pessivla waluesdior e 19dhicealyd) enay eesegt in tsvi@d@é@m?a%yarmol&a;AE@natively, a
f t o | t
Bl Ry AR B 3SR Y Bl RS i o o

shbalcon Bymboisatdl with Ubaanble 8ubcaricrQ (bgaspited WilieIbs. 60 KHz) for
The information may be sent in nore than the m ni num '
mrthsrbeagon( Ymiisbadivgeimyatbop 40 | wgdME} ] informaiernbiss may be sent in
reliability, increase frequency diversity, and inprove

thel beacqry dgial oatM usglile subsiagegss ipRAsaenn symbods The information may

HEL&% ik HMdre 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.



[0076] In one design, a beacon signal carries a cel

ID of a cell. For the design shown in Table 2 with M
WGE2@®4/083985 a syst em bandwi dth of 1.25 MHz, a 9-PBCT/USENINT/078369

ID may be sent in the beacon signal in two beacon

synbol s. The beacon si gnal al so carry other
informati on. WD 2008/ 033985 / US2007/ 078369 16
[0077] In one design, each cell is assigned a

cel | -specific beacon ho?plng pattern that indicates
W72h sdBcaerdesigns eachselltisrasyigedor selbmpasifiic heacpe hopping pattern

ﬁ%g g}dg%%ggﬁlgg %%gmrgler P {1%? ?‘ﬁ{%‘ @eac%lgub%hlfr{e? if gicvlhbot%ﬁg&lnsymbol.

i ned and associ a
BdZexaapsd, 5 2 difédrént Ib@scondm@pblgqxaaémh oppirglchatd eidasksotiated with
each cel | D fferent sets of beacon_ho

I D. pLn
persiie ﬁ%@) 1R5.Qneheagy hopsvng Bﬁ‘ttealil Plefas tceQJQF eﬁff%erent sets of
Rendwi.ah Iﬂ% plﬁ %atté‘% nfa als%%l"deﬁﬁéa ?(59 AABAWM %Isﬁam FafRvidths, one
cell may t Its beacon sign using t beacon
bt fpi ngclpastdam hahdwiditt. s Baeh Icell mlayTtrendmaa@te rbehoppsiggal using the

atterns .may
it g

i.ned uc at fqr an
S tor U8 tplEor &5 FoBiB nd PitcahopBY s ey be defined
AxhaBitFHEshyWohtonStuAWE bR SyrAbol DRGSR SINARs atkEhisSociated with
For exanple, the 512 cell |IDs may be associated wth
sigue niguel b@cm@, sacapeeisolfos gbaaple) e S 12 reetlis may be associated
al l ow a

Eﬂ%ﬁ%ﬁ}n‘g%ue p%?r%%? bg bsg&;)camf:lis i fw consecuttlvenbeggon (s%rnbols This

swakichen alldd SJE ﬂSh&te@Ehll ficighbdr I&ellw&h ey ey bd&eon symbols.
assigned beacon hoppi ng patterns such that their

n stiscetls e ths wystepbmay de|astigncdrpacesy haRniag ppiferns such that
gﬁfrr GeadbE shb alnié}rs l'b%am)tecolﬁ&'é) C"’Proti' &Bﬁglet ihe hdtP a'ir? Mg:n 24 usable

ferent ce may transmt their acon signa
Adbcaidictd, ahentupsteb2ardiffarst basﬂsangyvtmsmymﬂmir pecowdignals on 24

| engt h of the beacon pin pattern y. b :
g&%&%éﬁ CSHCIS HR & Gh58r SYGO, 88% ﬁﬁ‘cfwﬁbng%ge%e hopping
beo&ﬁfehgélﬁ Felle hRberAdfl RLORY s BYSTRI and the number of

andMAdt& may provi de nore usable subcarriers and
pbdsthe Edt IllﬂseAcbérg@tﬂysteHr bandaadth neypponige paire esabds subcarriers and
search

n cel |
° Gah ok, oGl 0% Mo Ry RO By otk heighbor cel
gderduhat i on for each synbol period in which a beacon
synmbol is sent and obtain K received synbols for the

078t al Euthsaeqn é@tgctiolnhé1 UE may nesiosnnvEEM iemeduletiguedor cach
Sc'yn%]oefl eﬂ&z l)l/ﬂ n‘%% c‘ﬁf e%?ﬁ 1L Syny Ciag 5én‘? Em&) 8l§t§11% ﬁ%ée xﬁed symbols for the

recel fOf carrier,

Keealvesbcairgial Tiguald tn)‘ayoﬁeteﬁﬁlhe suhbqaww&r s@@all Q8dlita of each
threshol d, and retajin candi date subcarriers with
subeairize hassd grdhe Ergaived yyrekel deuthagsubreTich ceamaicdhe nqeived signal

hn{galﬁ'?%f alaSip Hﬁ@dﬁ?&c r%g pt‘ﬁm[lo agﬁiﬁi 95ta§1°5@1ﬁﬁfa%e Subcarriers with
ctoi entl can ate SU carriers e UE may
maeivedisignal duabity exceedmg 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, ecach 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



of candi date subcarriers for different beacon synbols.
The UE may then identify neighbor cells based on the

woO eaos/0sf9st andi dat e subcarriers and the known PCT/US2007/078369

cell-specific beacon hopping patterns for al

possible cell IDs. [0080] In ot her design, each cel

is assigned a cell-specific beacon code that

i ndi cates which subcarrier to use for the beacon

subcarrier in each beacon synbol. The beacon code nay

prdeay ondpxhiaving @Pé@raﬁﬁéwé%wgrr@@uémp My@nC@dnéNeeWﬂOéﬁW@raiﬁ %nd thus

I

B AR ARG Do, B COL AT Mhunff rpdundiney, Reod
Belbmamod@ ckmredSmpted)ftahMDSprdw seme pbgnoms$dl ceddsanay also have
correct| ng capabj | i for, a given anmount of
P BlERGSTTS é%@itl °code is one exanple of an

1Fodqy éﬁ:”@ ﬁﬂé% r}@égdaéol&ﬁgt? SoolBYded ]gﬁo NP8y Bcarfiefst Qﬂe used to
characterlstlcs MDS code. [0081] 1n one exanp
RepokiSo bosron stgmdbatdissre gssigrividsudices ofi (bﬁlsomhel\/hsb,dwluare M may be

ran n1t bea n. sign d are ned in
HEROAGH optne SRE PR Ay e S SRl A bl aE] dflsspne imes
_ﬁ@ﬂl‘w i dex :BRAGE SYyARO! 5024 BedcbARpibSItWith Aldedl fth€b&Rbn signal
imes” given by index t, where 0O<-"t < cc. For a
eg botragymittodl owatshbc;amiwmh indbe Xheavbhorh msaygbadxpresagd dxe
transmtted on a subcarrier with index Xt, which may
be expressed as: pl +zt O p~spat , Eq (1) where
pi s =ppiifi ﬂ-)p/lépél ement of field ZM and p2 = p2 ai Eq (1)
and a2 are exponent factors determ ned based on the
cell ID, Zis an upper end of the range for al, and
®hedepoiseprimitué cleadul ¢fi fotd Z{:00823, Fpel d ZM contains M
elements O through M-1. Aprimtive elenent of field
ZM i s capnkepets srpeenzfactonadcterayndgstbageden the cgBdlr at e

al | 1 non- zer$ ﬂFnEnt of Z As an exanple, for
field 2%&%8?&65 ﬂg S&‘P&% i @méits 0 through 6, 5is a

pr'”1ﬁé&ﬁom§hﬁﬁﬁﬁhxﬁhm%7 and may be used to generate
si X non-zero elenents of Z7 as follows: 5nopd7=1,

0§2E7 5}’1%@%,?% r‘[]aﬂl’ésqua Iggnt% g)tlg’éggrg&z’l ?ﬁ([:]g%%lgtgaetelement of field

af,ds o elembhted {7/ tHat 15@? be N@dﬁ}lb%eneraﬂdﬂllt Monl ﬁfm-éet@mﬂerﬁents of Z.
may be glven as f nod mul tiplication of
st fB‘aﬁFﬁ);lF fae fig dv%h C%talpmg @)V@l@r@!frrmnts O thrgugla §. tSoIStaneﬂmltwe

ng?gﬁﬁt G’If Z7 Be 'sé’c?ﬂ) eﬁ@b P glxl\ﬁo df&{f& elemﬁts of 7Z; as follows:

tions WI t he exp ents are no M 1 nt eger
3ddiddons, 5! rnod7 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 ¢.



[0084] Different beacon codes may be defined with
di fferent values of Z and M The beacon code shown in
We@qWwansdes (1) is periodic with a period of P =PEI/USH07/078369

synbols. Hence, Xt = Xt+r for any given t. WO

2008/ 033985 PCT/ US2007/ 078369 3 18 [0085] The exponent

factors ai and a2 may be defi%ed as: O<-al <Z, and

Egq(2) O<-a2<(M1) [0086] A cell ID (or a nessage) my

be mapped to ai and a2 as follows: cell ID=(M-1) .

H1083] 52 Thegxpemrpnt Sictorg @) pnd @ map be defied-as) a2 [ 0087]

A UE can recover a cell ID sent in a beacon signa

with @@p copsecutive beacon synbols in the presence Ea (2

of one T@ T evE without tine information. For 1(2)

exanple, the UE may receive two beacon synbols xi and

x2 at Otiaes(M-and t + 1. The received beacon synbols

may be expressed as: x1 = pa,+zt O+ pi zpz t , and Eqg

Eé? ai+Z(t+1bba2 Z(t+l) Zai+Zt Z a2 Zt x2=pl Opl p2
36h2A poclt HyEy)2 mepsags) srrydetmanped g e expriedewy i n

matrix formas follows: xI 1 1 p~I+Zt pa ,+Zt = A Eq

(5) P3,p~2P2t, Pi 2P2t where pz and pz are equa

to t\/\é&égéc_ié\lﬂc B g e 8 fiold ou [0089] The UE £

may solve for ternms p~' +zt and p~ z pz t in equation

(5), aellfiPFemstZ—&-a+z t Y1 = A-1 xI = P1 Eq (6) Y2

X2 p~ 2p2 t [0090] The UE may obtain the exponent of

TR A LT ARG RER g KOS
bORBA Isyhivels agaid Hiugehde e06as ien &véh wihOMmefimbii@fd#métibn. For

A given value of y maps to a '
example, the UE may receive two beacon symbols x; and x; at times ¢ and #+1. The

received beacon symbols may be expressed as:

x, =p @ pltpyt, and Eq (4)

Z o,

_ +Z(t+1) Z(t+l) _ 7 +Zt Zt
x,=p Dpp T =pp ®pyptpy

[0088] Equation set (4) may be expressed in matrix form as follows:

xl 1 1 pa1+Zt pa1+Zt
( ]:£ z Z][ 0152 u|TA 0152 zi | ? Eq(5)
X P P )\ PP PP

where p! and p? are equal to two specific elements of field Zy;.

[0089] The UE may solve for terms p{***' and p* p7' in equation (5), as follows:

a2t
[”]:Al[’“Hp; ] Eq (6)
Vs Xy D P

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

z, =log(y,))/log(p,)=(a, +Zt) mod M . Eq (7)



speci fic value of z. The mapping fromy to z may be

performed with a | ook-up table or in sone other
woreowses398The exponent factor ai and tinme i ndexPCT/DB3001€78369

obtained from equation (7), as follows: a, = zi nod

Z, and Eq (8a) t = zi div Z 9 Eg (8b) Factor a2 may

be determ ned by substituting 1 obtained from equati on

(8b) into yz p~ z pz to obtain p~ 2 , and then

solving for a2 based on p~ . [0092] The UE can al so

HO9B) er jfhﬁ’é%?é}thmllmeﬂ‘#%wpt(ﬁbls @éﬁtﬁddﬁwg A2t vdlugrf v maps to a

%}yggﬁcn\%l eeﬁjfét m&% ?&%@ &%e Qrfblglge gn&ﬁ( 191; table or

irhnieahanmayidd o The leRp&icve thely hﬁd e fﬁﬁex Uﬁlaﬁjaﬁ cﬂitﬁﬁed from
recover cell [|Ds fromthe beacon signals transmtted
pyuation (Detd ®UMHh t hr ee consecutive beacon synbols.

[ 0093] The beacon code shown in equation (1) may be

used t con hopping patterns for al
pOSSIb e ée %?FEBBlCIher beacon codes may al so be used Eq (8a)

for the beacon signal. [0094] FIG 8 shows a bl ock
di agr amzfdiw Zdesi gn of Node B 110 and UE 120, which  Eq(8b)
are one of the Node Bs and one of the UEs in FIG 1.
nthis deS|gn Node 110 . i.s eqU|p
it rasmgn P’Bﬁlﬁﬁ‘? $y4tubsHAngE P t@lt}eﬁﬂ ﬁram pgion (8b) into

th R zant 0‘8 T
£ laﬁaa‘ﬁo%*‘a”@%[o%@g%o‘fv%@%w UG o denerel
fiflog) PT ORESEPTcaft WATRYOVE R YAl {D3TE qhéﬂaéaeon s@naPRfh any two

nore UEs from a data source . data processor
Bdlﬂ-casmycmtved:)esa)n(sembols in ﬁlwpraﬁeneeof:mda&;ellaﬂtﬂle clements of matrix A
interleave) the traffic data for each UE based on one

aie depersleaioelt g be@@ﬁéﬁ‘é@Obéﬁ@@Y@dﬂﬁ tbe UthathaJgEcan alsp a¢agver cell
fr%d 8 ggFeabeaB% %'@h%s R g&%ﬁ% B hdo TRy 1 t% é@"@'o 's&u%ve beacon

or sy € co or ‘éach
oyigbads. nore nodul ation schenes (e.qg., BPSK QSPK PSK
or h@ selected for that UE to obtaln npdul ati on

Theolgrepn AodexsIMWWDI cadioadi) g2y haysafula Epiceste beacon
b@ﬁ) %@g Jte?ﬁs Paﬁ Bhedjs caf:l? é' bthBPFé 2 00h LB &%ﬁa??% BRI for the

tlp exi ng sc I's typl
kﬂmmms@aMa that is processed in a knomn manner and

RS R !SS5k S 0SRORREER i 1,
T MM SCBS e BLAnTBY e BF B QSSs 10 F16- 1. P 858 &1en, Node B 110
is equipped with T antennas 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 8§14 may receive traffic data
for one or more UEs from a data source 812. TX data processor 814 may process (e.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



the nul tipl exed nodul ati on synbols and pilot synbols
and provide T output synbol streans to T transmtters
WO T0d8®)39822a t hr ough 822t. In certain designs, PAXUMONMN78369
processor 820 may apply beanf orm' ng wei ghts to the
nodul ati on synbols to spati al steer these synbol s.
Each transmtter 822 nmay proc ss a respective out put
synmbol stream (e.g., for OFDM to obtain an out put
chip stream_ Each transmtter 822 may further process
@%mgatlon@@ﬁ\ﬁéhqr RUEPQsREl B¢, MAMQ ipfcyeessm |8iZQ= mayapygeess (e.g., precode)

Fl\ﬁﬁ[(e&)id tn]é]kgiluigalﬁ%ﬁg%m% S ndS]it)ﬁcﬁ lrsg% ta#ﬂgx{:sar% 'Jt" tog%pélt symbol

B:z?e%alsttbrb lttghsrm&&%t (Tmﬂ?Rb 8224 ﬂmﬂ@tght 82:’}211’1 \In aerfaiandesighgsrX MIMO

824a thy ough 824t , pectlvel UE 120, i
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data source 876 and signaling may be processed by
W(lmmsaofpth@ owuslgbutios Bgmbely rttahsmtipd dyeseraBhy0a A recelve (RX) data
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a@rm@lcmsan@ 8y BYIMOdistasti| 40 gnd atg NIogspIeE 863 dxicdsyplamentary to

B2 09 TSR Gob SRR e IS R1 2 B 110,

{DIDB]’ ol @ SHepupdinRs&OUE 1880trafifid B#EOfromya dlitd e®ircd BB6 and signaling
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[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



21 may schedul e UEs for downlink and/or uplink
transm ssion and nmay provide assignnents of resources
wo eoostobsschedul ed UEs. [00100] FIG 9 shows aP@i/os007/078369

di agram of a design of a beacon signal generator 900,

whi ch includes a beacon synbo | gener at or 910 and an

OFDM nodul ator 930. Ceneratof 910 may be part of TX

data processor 814 at Node B 110, and OFDM nodul at or

930 may be rt of each transmtter 822. [00101]
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%H’&a%}?bg Eb?%f@gél@aﬁ élﬁ@ﬁ e oy ¥HP 250 ¥ %@SKO remaining
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\!Millt OB2 infes/ %@ﬁﬁ‘maih GHPM gderog i batsofrorhOhQltipRete@9RE &Qddch beacon
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[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 8§54 at UE 120, and beacon detector
1020 may be part of sync processor 874.

[00104] Within OFDM demodulator 1010, for each 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.



sanpl es and provide K received synbols. WD 2008/ 033985

PCT/ US2007/ 078369 22 [00105] Wthin beacon detector
waemd/osmsunit 1022 may detect for candidate  PCT/US2007/078369

subcarriers in each beacon synbol Wthin unit 1022, a
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[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 subcarrier to use for the beacon signal in each beacon symbol period. In



subcarrier may be selected fromthe set of subcarriers
based on a beacon code that may i ndicate which
wgaiwsasIBer to use for the beacon signal in eardT/DBBOTOTE369

synmbol period. In WO 2008/ 033985 PCT/ US2007/ 078369 23

general, one or nore subcarrligs may be sel ected from

the set of subcarriers in eac beacon synbol period

based on any schene. [00108] The beacon signal may be

sent using TDM and only the beacon signal ¥ be . .
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[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 exceeding 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



determ ned based on the received synbols. Cells
transmtting the beacon signals nmay be identified

whawsn3mss t he candi date subcarriers and beaconP¢tiDppiony078369

patterns for different possible IDs or a beacon code

i ndi cati ng which subcarrier t$ use for a beacon

signal in each synbol period Tor each possible ID. The

beacon detection in block 1316 WO 2008/ 033985

PCT/ US2007/ 078369 24 may be based on beacon signals
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[00115] FIG 16 shows a design of an apparatus 1600

ﬁ@”nﬁﬁﬁtﬂﬂ@ﬁiEﬁﬂ)on signal transmission. Apparatus
LT oo, R R Cig B Gt PO OE RGPl Bilon gt

dhlﬂisirrngsm)tﬂl tApdaraed 1166@anebddsmaduise forl@ékﬁ}atngﬁnﬁldélﬁhd primary
generating a w deband secondary synchroni zation Si
B qropizatio SiaBcised Py S (oF Aahiiptes Lo 4%wgdalﬂah@eﬂ Seih (module

103 Aol oo, (LR LS80 ORI PE o, i b
e foei gdibodemé]chtlcﬂeailJCIhg initial cell search (rnodule 1614), means for
generating a narrowband beacon signal used by the UEs for neighbor cell search
(module 1616), means for sending the wideband primary and secondary synchronization
signals, e.g., on a fixed portion of the system bandwidth (module 1618), and means for
sending the narrowband beacon signal, e.g., on different subcarriers in different symbol
periods in which the beacon signal is transmitted (module 1620).

[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



(nmodul e 1616), neans for sending the wi deband primary
and secondary synchroni zation signals, e.g., on a
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and neans for sending the narrowband beacon signal,
e.g., on different subcarrier < in different synbol
periods in which the beacon stgnal is transmtted
(rmodul e 1620). [00116] FIG 17 shows a design of a

process 1700 for perform ngécell searches by a UE
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e e R ek BT TR TR bl o patten

beabearohapié (idogkat 21€).n At least one other signal may also be generated (block

F@%%f}%ﬁ g?gnals transmitted

1914). The beacon signal and the at least one other signal may be frequency division
multiplexed on different parts of the system bandwidth (block 1916). The beacon signal
may be mapped to different subcarriers in a first part of the system bandwidth in
different symbol periods in which the beacon signal is transmitted. The at least one
other signal may be mapped to a second part of the system bandwidth in the 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



or a beacon code (block 1912). At | east one other
signal may al so be generated (block 1914). The beacon

wGe@nab3vend the at | east one ot her signal may BPET/US2007/078369

frequency division multiplexed on different parts of
the system bandw dth (bl ock 66) The beacon signa
may be mapped to different subcarriers in a first part
of the system bandwidth in different synbol periods
in which the beacon signal is transmtted. The at

peazady angire (iipe egondpigramchrayizaéomuipd aisechios csl édnmdfigatian during
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synchronlzatlon si gnal ed . for cell detection duri
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used for cell i1dentification during initial cel
pdigh. Flbs 20ahdws didbsigh of Ereafpeaton2@I0geaFDivhpedven transmission.

BaReraits A00 e SRy for sSASRTRE ¥ pritop S0 - ghistd g beacon
h&ipind hawsHidr POMRGON Qodé oallc! BASS, rﬁ%s%h%&ne?hﬁfgaht least one
may be determ ned based on the fractions

eifist signddmoditigt29 1ds ead fragans Iﬁersfeecslﬁmyadlglsqn@mlm}exmg&he beacon
§1gnatclh§n\ﬁsthe gel n Ofotﬁl gﬁ%r at ﬁsffere QO I Qry %F;/I slystern PBandwidth

ansm ssion. ahs
gﬁ@ﬁﬂanmng a beacon S|gnal e.g., based on a beacon

pglngéfattern or beacon code (nDduIe 2012), neans
163 2 cphaws csstengiic: proeser? 180 driaF DVhBeape reception by a

t%%é A%eacgﬁl glg‘ﬁ@@% 37 1 rJ&Ef@E&' %ﬁy? s ey tp%irto(ff Y hﬁte% %él'l(ﬂ)?ldth (block

eacon - sign one ot
ph1i fOetheenignplarhsy bt rtdeeveslyfdmna bevoddi pairthof (hm@uiem bandwidth

16) 0120] . FIG 21 sho a desi of a ess o
Blosk ?bﬁ 950@%8%81% YRbp G Hpgther Sigesls et b %aq@ﬁwsdmon
AR &k i € ClgleVestkrf s‘i%msamfiﬂl tShpR& {b) ﬁ’[ﬁmﬁl@esyﬁylﬁbﬁﬂhtmn signals used

banaw dt h (bl ock O her sighal s may be received
farenil aieeemmdiurpm inited cclh scasghsarsioriiahswiodddry syidhoeiization signals

e el SR On A P T BLtE e of her o1 gnal &y

FOBTRI] SEFT@.)22P8HONBI Y A&V BF Miagpdrh@B 230Q 76 BDNG 86hcoh QEception.
cell detection during initial cell search and/or (ii)

Sepuatard?08yinendesningansi ion rejegriag Heaqegedgrfaby fromy ¢ first part of the

N R i W TR
p&acdnhe egapihi de1d%hpa/ﬁtiht the l?e%@&h isip@hlycesl tieadtherf §ignals being

recei ving. beacon signals frama first part of the
§yetcary BRidon Biiniaod (medglo 22§49 and means for

(BR381 1,HAL® 9P, 5,555 90y 1l i proceson,
elettesnies givalcss,béibmigvare devices, electronics components, logical circuits,
memories, etc., or any combination thereof.

[00123] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by

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

particles, or any combination thereof.



frequency division nultiplexed (nodule 2214). [00122]
The nodules in FIGS. 12, 14, 16, 18, 20 and 22 nay
W@ o09p/03I8S processors, el ectronics devices, hapdasm®07/078369
devi ces, el ectronics conponents, logical circuits,
menories, etc., or any conbi ion thereof. [00123]
Those of skill in the art woul'd understand that
i nformati on and signals nay be represented using any
of a variety of different technol ogies and techni ques.
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ribe unction In varyil ng
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modul’es, and circuits describéd in connection Wt
tdrebidisol oo dasgmmtqmgrﬁb’m ihepfupteortsedtsonibadelndrainmed general-

with a general - 0S rocesso i tal nal

bR isdngy Bah R B REgePo Rk el Flandtfieo i diassor may be
Gy Edtiventidhal Bloceof,i Bhlolidr O GTEHRoE 1)) dF Stal Madhifid- P& Processor
or ot her progrannable | ogi c device, discrete gate or

meznbpdedmpleaginecd adiasormbiration of RN BUEENIRYFASAOSE. deorapipation of
goﬂ%'P”aat Lon thars %Q(kegs%‘?‘l gn epqu}aﬁppeéﬁ %1@} ) 'i‘oeceﬁ Jopct 'oﬁ’%sor more
eseribed Kerein eneral*™-"pu essor

ﬁncffbpﬂb@@is@@@ﬁ@@’gundm@h with 4 DSP &bfee bﬂﬁty (ycﬁer sublg configuration.
ﬁgﬁcessor any convent i onal processar,

£obl 1 Stﬁp%; |0(§ coribgthed or algerithimg descrifedhiipeconpection with the
Hfs@l%?tﬁé ‘HEre me 8L 3AbB&ick mkagﬁgtlﬁﬁiv@ﬁe Qn%%gﬁbvﬁ?é 88Ot xecuted
vices, e.g., a

conput I nat
by a processor or in a combination of the two. A software module may reside in

RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such that
the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor

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



a DSP and a m croprocessor, a plurality of

M Croprocessors, one Oor nbre m Croprocessors in
w@emgsssBs on with a DSP core, or any other sucPCT/US2007/078369

configuration. [00126] The steps of a method or

al gorithm descri bed in conne # on wth the disclosure

herein may be enbodi ed direct % in hardware, in a

sof tware nodul e executed by a processor, or in a

conbi nation of the two. A software nodul e may reside

fepmin@hM Itethsr ajtertatiyg h theeioesssoramd iarstojageemdiym may reside as

VY §%¥ gi sters, hard disk, a
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mode iseustions ag eore on ntoreutereshdibld medmnASF(mlpuThere@@b@ media
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d a co -readab

&Dsamﬂlgﬁal Vdrsdtite d&;@f(ﬂ)l\ﬂbﬁ ﬂcﬁ)pyrcﬁﬂs ahd bagdrdyr dive avhere disks usually
websjte, server, or other repote source using
EpEsduse  eap @agmﬂséhly,o&hﬂé dispt efepmpeﬁ etpta ;faatl.cally with  lasers.

@bﬂ#’?ﬁﬁboﬁy BFGhd B6&ve élﬂ)%%cf DRb)pe eH edv?@ﬁ the SC%I\)NaOf computer-
technol ogl es such as Iinfrare m cr ve,

tdadablt medmoaxi al cabl e, fiber optlc cable, tw st ed

' r wrel : : . .

PO%IIQS] Dsf'h’e porew\(l)mus Ses%fcigtlon of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and

designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.



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

waele@s/03385 used herein, includes conmpact disc (BDI/US2007/078369

| aser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-r 9disc wher e di sks
usual ly reproduce data magnetically, while discs
reproduce data optically with lasers. Conbinations of
t he above shoul d al so be included within the scope of
YD S CLAMYHER IS medi a. [00128] The previous
description of the dlsclos Zf%i rovided to enable
any person skilled in the make or use the

di scl osure. Various nodifications to the disclosure
will be readily apparent to those skilled in the art,
and the geAarai[)parptuis ficri pirelssscbehinmedcatioey @nmpriving: be
applied to other variations t hout deg rti

ng,fr
spiri gt ]8?5? 0§ F%oc&ssor AR 1%Hrg(ii:¥\(% g?ﬁ:]gnmehs‘ emtqquwuﬁ)h frorn a set of
FoSHIOS) 4t bsndAlthl,Nb YeRedineq Reof §ubchBidrstiBablBSor a beacon signal
exanpl es and deS|gns descri bed herein but is to be
based otettic systcrnibdedyiddic gpd te @andrsicehe beiaoh signel based on the set of
rmc:g@3 and novel features disclosed herein. WO
885" PCT/ US2007/ 078369 29 WAT |'S CLAI MED | S:
CLAI Mo memmorfBo@ii@btoahe! st 164K oié prek&ssr. communi cat i on,
conprising: at |east one processor configured to
determni ne system bandw dth froma set of possible
syst em ban e ne t u r r
usabl g for qﬁ}gé S%Dgglgﬁ}ss PS n% Mnblés‘gge%ﬁl tﬂﬁe az lkséﬁsg bhe processor s
barfthuradt to, mam thet lmagenspatl @o tohe sbisaeds is Itlgmedt of aslechriiers in cach
t he et 0 riers; a menpry, coupled to the
P @gfw%wewtéfﬁ?@s@a?on szgnaihsetraaﬂa@éﬁ us of claim i,
wherein the at | east one processor is configured to
map the beacon signal to one subcarrier in the set of
subcaBrier§h¢nm®a®hw syndlain ger wbeteinn thehiat hlcadteome gragessor is
' 's ansm tted The a ys of
Bl AT ub oo Boppy e nBER bR Bp el ity g0 and o
s’eﬁé& rtm: e SuBEAEION fHORP P Get PSft SiychrrRas 88ke@NorA tik€bbacon hopping
identifier (1D, and to select the one subcarrier
pattimt he set of subcarriers based on the beacon
hopping pattern. 4. The apparatus of claim2, wherein
the at | east one processor is configured to select
t he oge sulngardpperatfsr oM dlien et whércBublearat i Ris b@sgdocessor is
on a

con
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.



code indicating which subcarrier to use for the beacon

signal in each synbol period in which the beacon
wGe@aaB39ss transmitted. 5. The apparatus of clBETU$2007/078369

wherei n the subcarriers usable for the beacon signa

have a predeterm ned spacing,yﬁnd wherei n the nunber

of subcarriers usable for the beacon signal is

vari abl e and determ ned based on the system bandw dt h.

6. The apparatus of claim1, wherein the nunber of )

subcarri er $heistppatysorl ¢lyigr Heawheresy dhralat lsagti Qugy processor is

rei S [ I I

AR B\ R B RGP OF pRAT Bk ta AEARER58R on the system

byteiwedthbandwi dt h. WO 2008/ 033985 PCT/ US2007/ 078369 30

7. The apparatus of claim 1, wherein the at |east one

processor is configured to determ ne the nunber of

beacogp sig S a it base 1 S :

Pandw dt h B PRer Lo P AP F “HpeRin PR HCLEIT ons, progessor i

tedmuraite gonoaessobea®n samal if ghir edtetrobaypdwadthiecquakto or less than

beacon signal.if the system bandw dth i.s eq to,or .

P BECofritl Topend 8 il DARAG Beeh yigngei b Bucth bandwiath

BWrtdt@ tRaP @B e ctr@NRU Salvk, t he system bandwi dth is

greater than the predeterm ned value. 9. A nethod for

W rel ess communi cati on, conprising: determ ning system

bandwpdt h from, &y fStificROSHEL &SNS LEMbandw dt hs,

deterfining a s%? of EuBearT i er s uEs e 3"%a beacon

Si gnalletb@sianh gGRstbiebagiwideinTromendno tpdksibbng s@anieandividiBs;

t he beacon signal bhased on the set of subcarriers. 10.

The nE¢tHFINBE LichOmsebcakay BiaRla 198 adwaeqatigia) basrd on the system

BsacainmsShgpal  conprises mappi ng the beacon signal to

one subcarrier in the set of subcarriers in each

synbobgereeatingdhd beasbn signilivasdueacthn sstiofsabcearisers.

transmtted. 11. The nethod of claim 10, wherein the

generating the beacon signal further conprises

det er i ni ngp@ HEAGLHLMORRL NS RALLRN P ReRT @l I Pehoon signal

identifier (ID), and selecting the one subcarrier

toropnisch enappingahe bedvoarsrgnel ®© deswbcamet nghbectadubcarriers in each

h [ .pattern, ,12. The. hod of .claim9, furth
%‘%ﬁlg(lfl i%g’flﬁ@?n ‘%@@Q Fl?ﬁzt?ﬁaﬁ(ﬁle?glgaﬁ ﬁ%?tﬁ%]gmlt efd('jubcran acon g |r gn :Ir s

to transmt based on the system

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;



bandw dth. 13. An apparatus for wreless
comruni cation, conprising: nmeans for determ ning
wayaBmsdBandw dth froma set of possible systeP€T/US2007/078369
bandw dt hs; WD 2008/ 033985 PCT/ US2007/078369 31 neans
for determning a set of subcarriers usable for a
beacon signal based on the s@lstem bandw dt h; and
nmeans for generating the beacon signal based on the
set of subcarriers. 14. The apparatus of claim 13,
wher eM§ashior detersining a geirefr aibrH g csHisable delon beagogrignal based on
' r mappi ng the beacon signal to one

glggggtlﬁlﬁe%?@n ’ﬁ&elgset of subcarriers in each synbol
per i othehms fohpaterdting thebexoon siggaliddasdédsort tharstraftstiedrricks.
The apparatus of claim 14, wherein the neans for
generating the beacon signal further conprises neans
for dejer mppi ; ' ; ;
col 1 Fhent Ty opP i 5O ARt PREARGCRAR! Eicins e BENARIE e beacon
sighd apomipeises meanst foe nsapipingf ths iveamr igna thasedubearti¢ren the set of
beacon hoppi,n attern, . 16.. chi ne-readabl e medi um
SR Rgor eI pFuLinaRhich ST Bty By
machi ne, cause the machine to perform operations
i ncl udi ng: determ ni ng system bandwi dth froma set of
possi bb.e sybe eppaeinsiol deins 14, wegreinrtheymegnsafos @enashting the beacon
giulkl)cl%xrrﬂil(%rcs u%absl e for a beacon signal based on the
s§s% em banaw dth; and generating the beacon signal
basedmetnd foe dsRimidingSaberbh ihepging bétterhtRsed on a cell identifier (ID),
machi ne-readabl e nmedi um of claim 16 which, when

cuted by the nachine, cause the machine to perform
opera RStk %El%@tgx{cg fh@gng%hﬂ&}%m&hqg & ftéﬁﬁgagﬂers based on the
signal to one subcarrier in the set of subcarriers In
bachn heppihgpatpen.i od i n which the beacon signal is
transmtted. 18. The machi ne-readabl e nedi um of claim
17 whi ch, when executed by the nmachine, cause the
machi ng t 0 APGRIAIALRRAHAL Iiiurh UEsMBHsih O Chddidi@ns which, when
determ ning a beacon hoppi ng pattern based on a cell
extented biyermgdhb)e, caund thesehaand togetthem operagoiroaeinding:

from Eigeern%%}ng%glstgrlﬁ%%%(rivrv{ﬂ ﬁror?laassee 0 Eosts%‘lee s%%f%%logandwidths;
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.

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.



hoppi ng pattern. WO 2008/ 033985 PCT/ US2007/ 078369 32
19. An apparatus for wreless communi cati on,

w@oimps®BNg: at | east one processor confi gur edP€DUS2007/078369

determ ne system bandwi dth froma set of possible

syst em bandwi dths, to determ&e a set of subcarriers

usabl e for beacon signals based on the system

bandw dth, and to detect for the beacon signals based

on the set of subcarriers; and a nenory coupled to

t he at | east one processor. 20. The apparatus of claim

19, rei I L1 gur ed

to per ‘orm R eﬁgﬁﬁatfﬁﬁ?lg%é%gaéﬁ%&%%{l é(ﬁn in

whi chatt laest lbda @oscesiog rahSgurad & tietamlm: tspaeknthandnbtcbh from a set of

BPRIpIS Yot 588&@@%%&%%%@%%%222@?%?%?#%%&{%%@%011 signals
t:)a?s%&%nqrﬂe Lkt BaRiwMEH, S¥dRAUSoct ﬂgﬂlhé Beacbﬂ% M&ﬂ (Ltrc'the set of

transmitti’ng the beacon signals on t cand|
sulveacrs;end. 21. The apparatus of claim 20, vvherel n

the at |least o configured to identify
the coieEREy st TR BRseBRASP oAl s 1 ur t her
based on beacon hopplng patterns for di fferent

possible cell identifiers (1Ds). 22. The apfear atus of '
cI ai n2@0, Wh@r?@lphratmeOEtclal@aéQ mﬁ@rqm o&b@s@o aptsonc processor 1s

redt gent I f cells transm ¢ t he -
qf n SI ﬁrfo rm el%(u afg)é ach syrnbog %{(1:061 1nw ceh ﬁlle beacon signals

hﬂédﬂr&‘rﬁ;hhﬂffgi v obfairs m@ﬁedls@mbbm 4S @lefernin@ &mdﬁﬁfb sut@adlers with
in each synbol. period for each possible cell
regeived pigapl quabyy cyepedmpe AByeshald basek on the speqiyed symbols, and to

ﬁﬁ\?‘ de IE Prg s%tutt %a[ﬁé b(gi}?% Q1rg9§1§ %§§%g o'TnSthe gﬂﬂﬁdagé"sru%garhgrs

beacorr si gna ecei ve roman entire
syst em bandvvl dth if the system bandvvl dth is equal to

a predete ned _yal to etect for
beacozfsn gﬁg? &PP%@&SVEEQ é fi“& Bf alt frasts §ag dypoeessor is
Q@HI%\M&@@ iEntie %hesé/e‘i’lfs %Qﬁﬁﬁiﬂg flhbeadon GEEA ﬁﬁrtht‘:p%eﬁ B8 beacon
predet erm ned Vvalue. 24. The apparatus of claiml
breieg pattches fat difsasit pwéolpceib@sstdﬁem g@Dsgonfi gur ed to
performinitial cell search based on synchronization
signals transmtted by WO 2008/ 033985

PCT/ UB20071Qd 83p8ratuB3of @lldis, 28navHereifleher & R@stt BRe processor is
system bandw dt h based on systeminformation received

fordiaugedc & deatifie dhce gelipy trampanitivigt thg) begepn sigmalschirther 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



25. The apparatus of claim 19, wherein the at |east

one processor is configured to periodically perform
wmeioglosssss cel | search while operating in an i dPET/ESDB078369

or an active state to detect for beacon signals from

nei ghbor cells. 26. A nethod {3or Wi rel ess

commruni cati on, conprising: determ ning system

bandw dth froma set of possible system bandw dt hs;

determi ning a set of subcarriers usable for beacon

&¢llsnand to dseaming thpsysigay bandwidth dwisert B sapfemdief@atatipy received
' - th t of
{;rg c%‘ftrbﬁll %?%?&W%@I%?ﬁgggg 'ncl aiemSEG, oV\/ner ein the

detecting for the beacon signals conprises performng
denodyl ati gn for each synhol period.in which the i
beacof’si gﬁg? SAPPEABISt Pgr?éarﬁ'ﬂt t1§d whsTedbt thE naty ls@eli PRgy processor is
8 k&b todRtBETLIN PSFGANALIGH R SHREALE WIS oPbiabing in an idle stat
réé{:}%?lvedo iglnal :%g%ity ex1 eedicng a thresﬁyfd %%éne%lnl © state
onart ndive see teadtesty/fobbbaon aipals diem ndightmg celdd. | s

transmtting the beacon signals based on the candi date

sub carri ers. 28. The net h_od of claim 27, V\,herei n the

det ectg.ng AqhethH® fREAEIELs ShbBRANTcatibilohPrism@NPr i ses
identifying the cells transmtting the beacon signals

f ur t hesteaismg systemibaadwidth Gpmi st papessibissysem bandwidths;

different .possible.cell identifier I Ds).. 29, The
et ot B e i SR BT Y vpd on the system

barieadthshghal s conpri ses detecting for beacon signals
received froman entire S}/St em bandw dth i f the

syst efStBEHGIPHR bracoagigrsthysesd on e setqf gubggrricrs.

predet erm ned val ue, and detecting for beacon signals
received froma portion of the systembandw dth if

t he s93t enThamawhadt bf Clainyr2éatvierdimaie ddtectinpefdetter beaved signals
val ue. WD 2008/ 033985 PCT/ US2007/078369 34 30. An
&PpRiSPus for wirel ess conmunication, conprising:

means &‘Pémﬁ!ﬁ% REMbAI RS Yot {GBh Ry ?érlbdf inOWhidh &L b&con signals
l e sys 0

possig ' em bandw dt hs; neans r determning a
srettrapfmgigd ¢arbtemrscasaldymbols; beacon signal s based on

the aé‘[g’}n%rq}n%aggn i(gat[eh ;sugcrglgriers 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.



means for detecting for the beacon signals based on
the set of subcarriers. 31. The apparatus of claim 30,
wob@sosIst he neans for detecting for the beacP®I/US2007/078369

signal s conprises neans for perform ng denodul ati on
for each synbol period in mhif t he beacon signals
are transmtted to obtain recelved synbols, neans for
determ ni ng candi date subcarriers with recei ved signa
quality exceeding a threshold based on the received
synbol s, and neans for identifying cells transmtting
t he bggcon ,si > |,d L
subca?@ieréiaggghﬁﬁ@azg%gggﬁﬁgﬁggﬁgﬁgbﬁ?%%?m%ﬁérein
t he nerass ffor ddermoiinggystom bhedwidead@m sd gealod possible system
urther conprises nmeans for identifying the cells

¢ 11 i ng the beacon signals further based on
beacop,happi r | EEar ' cel

ot T B b R B R G bescd on the
syhgon baidvgdihnaid uct i ons whi ch, when executed by a

machi ne, cause the hine to.perform operatiaqns .
[ ncl ulohes R ater e PR by sl e ot e aphal SHbgartigrs.
possi bl e system bandwi dths; determ ning a set of
subcarriers usable for beacon signals based on the
syst edl. bahbniagpdratuanef deinedi ngictan thhendsasadon detecting for the
ﬁ%gngl§ngased q&wthe set of subcarriers. 34. The

chi ReM &8 AB €  medi um of clai m 33 whi ch, when

execui@ndfor p€ormiRE Bémedul stdonsfor t4wh Syadbi p&iddanpeiélothbeacon
operations further 1ncluding: WO 2008/ 033985
pemlygzdrrsniteddo oblm iseqiv ¢t siHgldenodul ati on for each

Syn‘bo i i i . a i . . .
tr ans%etgﬁeég 1?0({ e% tallﬁrgréggglld%dg@)}%ﬁge?g% etlg§e?nverﬂ ﬁgnal quality
canddidg bt ehrsshatdbasce ps thid ebeivaetgimbeds, ahdnal qual ity

exceedi n t hreshol d based on the received.s l's;
and i B8 %3% APEEy g %eﬁ’lénfg%ﬁsw‘iﬂﬁg it o%gérfgﬁ)&@ on the

basedtonbtigcRandi date subcarriers. 35. The
machi ne-r eadabl e nedi um of c¢l aim 34 whi ch, when

executed by the machine, cause the nachine to perform
operationsfurther iqﬁl di ng:. ident.ifying the.cel]s,.
CFanent: et ehEauaclnt By i oG B TBubidopeleBting for he
b&r6eMBignals 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:



hoppi ng patterns for different possible cel
identifiers (IDs). 36. An apparatus for wreless
W@ 0osi08398atL i on, conprising: at | east one proceB&DIS2007/078369

configured to generate a w deband synchroni zati on

signal used by user equipneq&§ (UEs) for initial cel
search, to generate a narrowband beacon signal used

by the UEs for nei ghbor cell search, and to send the

wi deband synchroni zation signal and the narrowband )
beacohcréergnag dempdylatiopefrsrapcle sypbeldparipdt inewhich |ty beacon signals
BRGALAREIRObbtafiecdl D) RRRIAL US of clal m 36, wherein

e a east one processor 1s configured to nap the

W debagternsiyingh tamdidaad isobcasiignalith aeseifddx eignploghdlon «xkeeding a
yste bapdw dt h, ~and t p the narrowband beacon
ﬂﬁr@%aﬁttaée@@f ?héF%‘iﬁVeg&B@gP i@ in different synbol

per i O%nﬁ@iﬂgﬂc%ns e SRR RN S RBACABNAL INRL] I 6h the candidate
transmttéed.” 38. The apparatus of clarm 36, erein
sibeamsiedeband synchroni zati on signal conprises a

secondary synchroni zati on signal, and wherein the at

| east one processor is configured to generate the

secongary $HOGRERALZSHILOR niddindlof BRERB4GMih, when executed by the
pseudo-random sequence for a cell identifier (1D),

maching cgesecthamachine tmparfasmepatitivea buhesinghdingbased  on

a beacgn..hoppi,ng ttern.f.or 1he cell .l D
5006, 3368 ERRIT e BUHFMIEE O TeRSh sl Wilher dosdt gy beacon
Bbiimg phiteriMter @ifftrdn foswitde bandesyeh(Io8).zat i on si gnal

conprises a primary synchroni zation signal used by the
UEs for cell detection during initial cell search.

40. A§6.f"‘ppgﬁ%@ﬂ%afug'Toﬁ’@vﬁ&les%%%nﬁmoﬁa&dnﬁﬂisi :
conpri $ing: at least one processor contiguredd o
per f oatnicastiohe dtoceslol cadiyuedl toawadratm widobetdhsyhchronization signal

) hr oni zat.i on si s transm.tted by cells in a
u%’eﬂ b AN ST oo &y 4le| s5ah(® §5BFHEr harrowband beacon
gehahledd 8! khesSRAECHoP ARG LB QAT KWPRANGnPEBCQkd the wideband

signals transmtted by the cells; and a nenory
sowhioadzation sigealand itheasrroovbeng beases signal; 4dd  The

appar atus of cl ai erein the at |east one

pr oced8HM9"E 0% ?#?038? %%l@?% PelErYE%t he wi deband

synchroni zation signals froma fixed portion of

system bandwi dth, and to receive the narrowband beacon '
si gnaB% fr &he dirpprafusnef ckaimc 3pr ivéhesein rthei 4tf kpginpne processor is

SHTRRLCcPE! hafSd Aidtafil o RS ORELRHCAD REARRHAHB B 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.



42. The apparatus of claim40, wherein the w deband
synchroni zation signals conprise secondary

W@ p00sl083985 zat i on signals, and wherein the at |PEEFUSINE078369
processor is configured to detect for the secondary
synchroni zati on signals baseqypn pseudo-random
sequences for a set of possiblie cell identifiers
(IDs), and to detect for the narrowband beacon
signals based on a set of beacon hopping patterns for
the s8% of Thoarnaptas ekeelpin %.Wmest?mtﬁ@w andgynshyppization signal

. ’ .  de Cont eat. . '

CoihiRet 2 e R O A R T AT PO Gh curing
iriiigal @atll keadt. one processor is configured to detect
for cells during initial cell search based on the
primary synchronization signals transmtted by the
cel | S40.44. ARMBRAALFEUSiIOL: MhirdlRStioR OB EALT on.
conprising: at |east one processor configured to
gener att dcaat lveacpncsbgnadyfiguoedyemeareafoemainitiddastll seareh based on

ot her signal, .and to frequency division nultiplex the . .

Busiotne sighami i Ny Taahed diesBniar oyl ssipmunication

%’sﬁé‘n@,r@fﬂi tP PSR ncftibbe el aneih dbed MdndMdwband beacon signals
008/ 033985 PCT/ US2007/ 078369 37 a nmenory coupled to

trivesnaitted byathe cgls apdocessor. 45. The apparatus of claim
44, vhelSidy LOsIal o Fast 8, OLReL, S] gnal - compri ses a
secon%ary §§ﬁc roniczar i on SIgh used for initial cel
search. 46. The apparatus of claim44, wherein the at

| east one other signal caonprises a prinmary .

synchftbni &8¢ cﬂppéliagﬁapf $EER 8y VETIin ofBe et o3t 0¢ imgeessor is

\El\ﬂ{ﬁlglu?éd ﬁ)ﬁlréceivéetﬁé CRdetthfid sVHGhBRRAGH Hl%nﬁg il 4 portion of
erein the at | east one processor IS conflgure& to

spent Henbealtion asd goatectioe dhé frearentbasdibgacen eighalsnfram different

first. part of the system. bandwidth in different :
SyRBIGICT DB BT O RDL ROt Bebih tbr gﬁgpw{bgnde Beacon signals arc
hnsmdted, and to map the at | east one other signa
to a second part of the system bandwi dth in the synbol
periods in which the beacon signal is transmtted. 48.

The apparatpys of claim 47, rei.n.the at |east one . .
orocenbor - TBE aritn g 41 GEEEIT R an STy G arign signals
edmprNeddecdidPS ByrichRAMREoh QighsR, A whBRiSR@ @ Neash b plocessor is
based on the first part of the system bandw dth, and

eenfeparash tai d¢t@0fhfcg éh%mondar"zaéyncawnmatim signais desadrampeiido-random
gegl\ﬁ? ack Fo'® Gt qurppaotrspglg?éetll iﬁ%’?ﬁﬁe?g ﬁ}l%;a nhagl\rsim t§ It(%ﬂ:%{zl Bol%%ﬁ.% garrowband

€ Secon he sys
Bgpath sighsls Ohscdloni ascddf basb@r koppiddyeatt@ins!featht seref possible cell IDs.

processor is

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 generate a beacon signal, to generate at least
one other signal, and to frequency division multiplex the beacon signal and the at least

one other signal on different parts of system bandwidth; and



configured to determ ne the system bandw dth from a

set of possible system bandw dths, and to determ ne
whandnsish of the beacon signal based on the sSpGI/EA2007/078369

bandw dth. 50. An apparatus for wreless

communi cati on, conpri sing: aty}east one processor

configured to receive beacon signals froma first part

of system bandwi dth, and to receive other signals

froma second part of the system bandw dth, the

beac of MsiHArauerhtotthe atdessé Pnepigaeiser- bei ng f r equency

division nultiplexed; and a nenory coupled to the at

| east one processor. WO 2008/ 033985 PCT/ US2007/ 078369

38 5145.TheTappppatatis of otdia AMSGvhewdier the natt hstobherother signal

signal s conprise secondary .synchronization. signals,

SOTAPIRISE RSP GPNERY Sapehranigatigiietst preddeipinitiad C@bfﬁarf@u red

to perform initial cell search based on the secondary

synchroni zation signals and to perform neighbor cel

sear chb.bas@&tle appataisbheficdnms Ugnattereid 2the Tite leappanatatBer signal

Sk ™ SPneirShebRnl BioEh bR LIRSk AFBFISE durng intial cen
Leagt one processor is configured to detect for cells

during initial cell search based on the primry
synchroni zati on signals, and to perform nei ghbor cel

sear ch, bas on the beacon si,gnal,s. .53, The, apparatus .
of ol AT oot wtep s BRaMp HISiResin o CHCLARPBRE piSecssor is

eaTidundr todndpothe & gdoviesi gt tdéiffernt Sitgalcss frOfitst part of the system
di fferent subcarriers In a‘first1$art of the  system

Aaadip differemtrsymbehperiadsin whisky the §sacon sigmiakls tiagamitted, and to
ﬁ%ﬁ‘ﬂ?&atﬁéa@{@é A Esigitall 87 1 Bﬁ&fﬁart Qfﬁletsgstéﬁ%%hé{x%d&ﬁ‘ﬁl the symbol
other signals Trom&a second part of the system
patudiatin tviichi the béueos yighallis petdnadsd.i n whi ch t he beacon
signals are transmtted. 54. The apparatus of claim
50, wherein the at | east one processor is configured

to degerm fge teﬁb%al%}’u%t sMmpandul dthhefdionha selealf one processor is
possi bl e system bandw dths, and to determ ne

benfawiat to ddternfiee bdastoffagiogned] tetabdsesmpotive te yist m the beacon
Bgrqﬂ\l\ﬂ)adsgg ‘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 the system bandwidth from a set of possible system
bandwidths, and 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 receive beacon signals from a first part of
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.
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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 initial 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 least 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 the system bandwidth from a set of possible system
bandwidths, and to determine bandwidth of the beacon signals based on the system

bandwidth.



