WD 2005/ 109916 PCT/ US2004/ 034295 -1 MULTI - CARRI ER COMMUNI CATI ONS METHCODS
AND APPARATUS RELATED APPLI CATIONS 5 The present invention clains the
benefit of U S. Provisional Patent Application SN. 60/562,901 filed on
April 15, 29040050k OF THE | NVENTI ON 10 The present iped@rs2e02/0342¢3 ates to
comuni cations systens and, nore particularly, to nethods and apparatus for
supporting the use of different |evel.g of bandwi dth utilization using one
or nore cell configurations. 15 BACKGRCIJND Depl oyrrent of conmuni cati ons
systens RLPECARRIRR (% 4:0) ‘ﬁh?%fs RuTe§ become a very
expensi ve corrrmdlty I n addi ti on, system ardwar e |s relatively expensive.
One approach to deploying a communi cations systemis to deploy cells
utilizing the 20 sanme nunber of carrier frequency's and bandw dth in each
cel | froREIXTEDARPIICATIONSStem  Thus, individual cells nmay be depl oyed
fromthe start of the systemin a configuration which is intended to fully
utili?e the bandwi dth intended to ul ti mat el y be used by the system For
exanpl e, SUpp?ﬁ@p@&n%%ﬂIoﬂrcm% Jﬁﬁ%&ﬁ*&?% Pe&ELibTPatbhAbSlicaic] S, the
operator 25 has tions to | oy the communications systens. In the
first opl60/(5629@hﬁledpau°@m)115 2004 the entire wi deband spectrum e.g., in
every sector of every cell, fromthe very beginning. The cost 1is that all
the term nals have to be able to process the signals in the entire w deband

channel , FIEDhPDrGPTHERINVENTION he termi nal costs and battery power

consurrptl on. ITn the second option, the w deband spectrumis divided into
mul ti BI e carriers. At the beginning, since the nunber of 30 service
subscribers tgpd &Qenpﬁlvérﬁ*oﬁtrbl\éﬁk Yo &?ﬂi&muxﬁ&%oﬂ@&’ééﬁ@rané%&‘éﬁﬁnfcﬁﬁrl y,to

communi cat i ons sgstem on In the st carrrer : every  sector of
every celnethods amd apiperatos fgr dupgmmng thg, useofitlifferantdsvels ¢fé:aodWEith etilizatien wsinghused.
Later as the n service subscribers increases and the first carrier
becones 8?%9\&]‘8@“?‘%80% F%‘PB‘?’ t hen depl oys the systemin the second carrier.
The procedure may repeat until all the carriers are utilized eventually.

The problem of this approach WO 2005/ 109916 PCTI US2004/ 034295 -2
15 BACKGROUND

Deployment of communications systems can be a very costly process. Wireless
bandwidth has become a very expensive commodity. In addition, system hardware is relatively
expensive. One approach to deploying a communications system is to deploy cells utilizing the

20  same number of carrier frequency's and bandwidth in each cell from the start of the system.
Thus, individual cells may be deployed from the start of the system in a configuration which is

intended to fully utilize the bandwidth intended to ultimately be used by the system.

For example, suppose an operator has a wideband spectrum. Traditionally, the operator

25  has two options to deploy the communications systems. In the first option, the operator uses the
entire wideband spectrum, e.g., in every sector of every cell, from the very beginning. The cost
is that all the terminals have to be able to process the signals in the entire wideband channel,
thereby increasing the terminal costs and battery power consumption. In the second option, the
wideband spectrum is divided into multiple carriers. At the beginning, since the number of

30 service subscribers tend to be relatively low, the operator deploys the communications system
only in the first carrier, e.g., in every sector of every cell, from the very beginning, and leaves
the other carriers unused. Later as the number of service subscribers increases and the first
carrier becomes crowded, the operator then deploys the system in the second carrier. The

procedure may repeat until all the carriers are utilized eventually. The problem of this approach



is that when the first carrier is the only carrier used, there could be a
significant amount of interference in the first carrier (thus limting
sector throughput), while the other carriers are conpletely idle. 5

Unf ort unat evg2008tiodbe start of a system depl oynent, the poandyesos@is2e£r vi ce
subscribers- tends to be relatively low. This can result in bandw dth under
utilization. Changes in the nunmber of carriers and/or carrier frequencies
in a cell over tinme can create problens for older Ws which were not

i ntended. 1.0 operat e. he .new | ove rrier. freguenci ordi ngly
i many - GG RRHEERLa LB oy R S, SR 0§l P SR BnpwFE T Cquancy
band 10 whégdrerics in the €ind earrien (th 1Byisihg Secsdratirbughpui)] Whild the other tareibrsdepl oynent .
This has, in many cases, nmade the initial deploynment of wreless

conmuni cﬁ?liﬂblﬁ@%@?t ens relatively expensive and often inefficient in terns
of initial bandwi dth utilization. Various types of wrel ess conmunications
systens are possible. Deploynent and 15 bandw dth under wutilization

probl &ms t endUnfortusatalysadhestantofv systemi deploysent thernumbenef ssndce supsaribats r egar ds

of the particular. co ni cat.i ons t.hod oyed in fh stem. Sonme
conmuni ¢ i‘?‘ﬁdﬁ) ﬁ)gb e&ﬁ%ﬁ%‘?@% e E)Faé‘afami‘ds %ﬁﬁﬁ&i‘i “éﬁ%ﬂ uéﬂ%tﬁ%é S%ﬁahgers Y&t ens,

e. 9., Natmb¥ dIndieR)snll R BarrieOfrét@bncidsiin a CelD bier tinfewandrdateairoblems fdraMeedi ti on,
page 695)vg J. Proakis 20 provides the fol]ow ng definition of spread

spect r umTywhich weregiol infendsd kxqnerats 97 Ha apylydealeyedsartienfEeqUeniiSsni ssi on of

digital i i hSihi i ioShd &1t j
panc dt foyg Lk iy BcplophiAg e frotad Nyceiadd i hicthe Rl hahedcibut | o
t he BAndwihitthhs irended fir @system sartinges-t tRe initial deplpyment. Jpisdtasuinmnmny eades,i s nmuch

reater than unity. " 25 1n communi cat i.on. t t i.nformation,bits are
oo ol 1 AR e ify spfomeny & oMo ConBumRishY fhe st sRpeRle ARt Sl
comuni C adeffddiernt AR of WMIRT Ban@#idih Bliskonr.S the m ni mum unit of channel

coding. In the case where no channel coding is performed, each information
bit can be considered a block 30 Direct sequence code division nmultiple

access (DS CDIVI%E i | c@r O C '\5,&]' %,ln-

mul tipl exi ng ( %t%}?@f%16%%9@%@1@%1}08%%@%@3@%}ﬁﬁqﬁgp@ﬁ){ﬁ‘ﬂ? npghtdhe DS- CDVA
signdb, bamivdét undér wilization prebdeds tehd tkbel assdciatauiswith wardlessscaanmaricetione Of

chi ps, WO 2005/109916 PCT/.ULﬁ2004/ 034295 -3 %Agerel t%e. tté_lrre duration of a
chip is MXHPSHEERESE! thepatieiagcopmupiqafipns ragthod employey in heSYfERt res | onger
than a chip, then the bandw dth expansion factor, or spreading factor, is N

Consi der two nmethods of transmitting a block of coded bits in an OFDM
system as Some communications systems use spread spectrum signals while other systems, e.g.,

narrow band systems, do not. In “Digital Communications” (3" edition, page 695), J. Proakis
20 provides the following definition of spread spectrum signals: “Spread spectrum signals used for

the transmission of digital information are distinguished by the characteristic that their

bandwidth W is much greater than the information rate R in bits/s. That is, the bandwidth

expansion factor Be=W/R for a spread spectrum signal is much greater than unity.”

25 In a communication system, the information bits are generally transmitted as blocks of
coded bits to combat errors in the communication channel, where each block is the minimum
unit of channel coding. In the case where no channel coding is performed, each information bit

can be considered a block.

30 Direct sequence code division multiple access (DS-CDMA) signal and hopped
orthogonal frequency division multiplexing (OFDM) are two typical spread spectrum signals. In
the DS-CDMA signal, a coded bit of any coded block is transmitted as a sequence of chips,



5 shown in Figure 1 and Figure 2, Figure 1 is a drawing 100 plotting tone on
vertical axis 102 vs tinme on horizontal axis 104. Each tone represents a
segnent of bandwidth in the frequency donmain. The air link resource is

represent edyd¥Yoos@ovigd 106 including 120 squares, each sqighRudifRh&sSenting
one tone over one tine interval. Gid 106 shows 10 distinct tones over 12

time intervals. In the first method jllustrated by Figure 1, the coded bits
of a block are transmtted 10 using t'he m ni mum nunber of tones. In Figure

1, the sapge two.tones .108 10. are.used all the.  tine. A first bl.ock of
coded bi Per 15 1oL Aaaudh ohe gD s 3Eh dReres Tan chal af & bisriee P ABICR ARG Loes
tones 10RngdrlRarfiéHipdhéh the baddwidtiexFHAGEE Mctok 1& spRadifg ¢ttorPisdek of coded bits
114 represénted by 12 squares with dotted shading uSes tones 108, 110

during a second tine interval 118. In this case, the OFDM signal is not

spread spect ! Sihgadd Ra) metial btlinSmittid e Blodl o Bitinkth UHDNAy 4R 0N

vertical axis I'me on hori zont axl s tone represents a
segneft eliovsindigudd h ahdiFighe ¥ Femrehsy dioviag n00 ploaingitond omverticad sxisid@2vs s

represented by a grid 2 i pcludi ng 120 squares, .each square representin
o ¢ oo g e oppsl s 104t BRcpibnd Epreipnsrseemeniof Padiafh ke #SREE3 505 910,
212, 214402418, THeldr lid@soufedds reptbséntéd tgza?%délfﬁﬁzig%ﬁdﬁ{gqﬁo sqMiaBdsY @ch sqdde 230,

232, 234, 236, 238, 240, 242, 244, 246, IR thé second et hod
i || ust r arepeesemiingioge tanedyver one tisasdinigrial. 1 Gridy 1@6 shoms JRidistiadt tasesryehbhipeel t ones.

A first. bl ogk i . t i i I

N ne shaitgas I8 ineiigHehbd Spgri-hiRAGRET B8 chea i STHBIR atlddiatliBBE",
(21210 22Q3inglthe infifinfuns AGABet df totes. i Figoweal, tht3ame tivo t@rs (@8, 4,10 ddAjsedlall theg a
third time interval 232, tones (212, 220) during a fourth time_ interval 25
234, t ond®e( alarst bleds ofgqrechyis I remrsentpdiay L hs@ialr Witogagaaatneoiading b8,  226)
during agskXids, & 10Buridg £sVdth g%gxenﬁ 1%?%0%901’91 B166 & coBEE® DigliSprésted

represented by 12 squares vvlt% tted shading uses: tones (214, 220) during
a sevent hy 2 sguarestvathvdaite@ giadingonessioned (198, 24luring aiseapnd timesi igterval 118xdn this

interval 24 (216 22 uring a ni.nth tine interval 244, tones (212,
218) durlc?f&ztgebgﬁﬁﬁ(gﬁlﬁ%n? ﬁP%P@%HeC ,Slg{lghes (210, 226) during an el eventh
timeignterval 248, and tones (214; 222) 30 during a twelfth tinme interval
250. In Figure 2, at any given time instant, only two tones are used.

However, for Figareehisiadeavingde0 plotiag tonsen verisal axjel0fevsitisRroan harikopfgkakis | n thi s
Pt/ Us2004} 0A)4s < brch SERRER o RERMIMTIF B R uen oM O Bk appar ent
t hat net msourend reppsentt by afgoid 206 melwimgt20sguarcy) bachesduate pépogsertitig @ik tene
communi catl o g2 aIAP Gk 2% HENS10 SsBlet s 208, 210, 212, 214, 216, 218, 220, 222,
20 224,226 over 12 time intervals 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250. In
the second method illustrated in Figure 2, the coded bits are transmitted using hopped tones. A
first block of coded bits 252 represented by 12 squares with diagonal line shading uses: tones
(208, 216) during a first time interval 228, tones (212, 220) during a second time interval 230,
tones (216, 224) during a third time interval 232, tones (212, 220) during a fourth time interval
25 234, tones (210, 218) during a fifth time interval 236, and tones (222, 226) during a sixth time
interval 238. A second block of coded bits 254 represented by 12 squares with dotted shading
uses: tones (214, 220) during a seventh time interval 240, tones (208, 224) during an eighth time
interval 242, tones (216, 222) during a ninth time interval 244, tones (212, 218) during a tenth
time interval 246, tones (210, 226) during an eleventh time interval 248, and tones (214, 222)
30  during a twelfth time interval 250. In Figure 2, at any given time instant, only two tones are
used. However, for the entire coded block 252, 254, twelve tones are used. In this case, the

OFDM signal is spread spectrum signal.



addition, a systemconfiguration that can achieve a high |l evel of bandw dth
utilization, even if constructed in phases which use different anounts of
bandw dt h and/or different nunbers of 5 carries before arriving at the final
syst em confwguémstio®ne woul d be both desirabl e and benef ipgradsa004934dHARY OF
THE | NVENTI ON The present invention is directed to nethods and apparatus for
depl oying a 10 conmmuni cati ons system?nd to the various system
configurations achieved at different [evels of deploynent. In accordance

with the present. inygnt bel u havi ng
a variety of 5-1‘%1?%%’%[ %8\’6%(11%0“?&{? né&\ij\},ﬁb%ﬁpw&ﬁgg 3&99(??3%#&?2\&% S of
bandwi dt hmplémentingla phasddaiepRiyaieat of a@onHunivatibrof8tefrawould by befiaiiabninodi nent  of
t he |nvent|on considers_a nultj-carrier g pon ti-sector cells.

At the eafdifjon@systern rofigtraiion ag can sabieve %P@W@EWP?@OELPH%M ber s
i's relaticygl¥cred BiHasesAMGS ﬁ’ée'&fér&t%ﬁ%uﬁt@&?ﬁﬁnﬁ%th Qﬂaloﬁ&lffefehﬁmﬁﬁfeﬁ éfrs are

used in every sector of a given cell, 20 although all the carriers nay be
used Bn dufibebefore agiingatghefina spitere nortfmauOn,mmdébehmbdbmble apfl begefisialr i er s
and 3-sector deploynent, in any given cell, a first carrier is used in a

first sector, a second carrier is used in a second sector, and a third

carrier ISYMSRARY OF THEHINVENTIONr. Preferably, the sane use pattern of the
carriers repeats for nultiple cells, where sectors of the sane or similar

orientation use the sane carrier. Later, as the nunber of service

subscribers i gL s°e‘?1§1 Vgﬁl&qﬁhﬁé&éﬁbmﬁggﬁ%&mmﬁﬁo‘gﬁﬁd a sector to

i ncrease sector hrou put n the a 3-carriers and
3- sedfor compiunigatioms ,syste;m ang tothe gariome kystent trnfigiirationsactieyed ardifferestrlevedyof are
used in thel fll‘%t sector, the second and third carriers are used in the
second sélﬁ ®itand t he third and first carriers.are used in the third
sector. Then as the nunber of service subscribers further increases, all
the three carriers are used in each sector. 30 Note that the above phased

depl oyment scHeisgordanreryetinihp Present dvsalinn aagysztﬁrmﬁ%b%law&mrw wEessllnr the
| ocal ly th
s acr ShERZp v} of dttelelCodfiu Aioh M aAAbUEE Siftibhe RE1sof pfIERARRCC ! 1Y

depl d§nentilizatieh kndformammadcdtiangeapedtyaci ty WO 2005/ 109916 PCT/ U82004/ 034295

-5 needs and thus start to add additional carriers in its sector, while cell
B do not see nuch increase in capacity needs and thus stay with the

original depl @Yl@?ﬁbocﬁfneﬁtrlﬁ thAinbérion BEsiRACE Rhli-Adei & QMFIoymedtif tnukiLkdcdt! €
carriers are used in a given sector, the powers used by those carriers may
be cells. At the early stage of system deployment the number of service subscribers is relatively

small. According to the invention, not all the carriers are used in every sector of a given cell,

20  although all the carriers may be used in different sectors of a given cell. In one embodiment of
3-carriers and 3-sector deployment, in any given cell, a first carrier is used in a first sector, a
second carrier is used in a second sector, and a third carrier is used in a third sector. Preferably,
the same use pattern of the carriers repeats for multiple cells, where sectors of the same or
similar orientation use the same carrier. Later, as the number of service subscribers increases,

25  additional carriers can be added to a sector to increase sector throughput. In the above
embodiment of 3-carriers and 3-sector deployment, in any given cell, the first and second
carriers are used in the first sector, the second and third carriers are used in the second sector,
and the third and first carriers are used in the third sector. Then, as the number of service
subscribers further increases, all the three carriers are used in each sector.

30

Note that the above phased deployment scheme can be applied depending on the capacity
needs of the local regions. That is, the use of the carriers may not be necessarily the same across

the entire network. For example, after the early stage deployment, cell A may see large capacity



different. In one enbodinent, the relative power difference (ratio) between
those carriers is 5 fixed and known to the users. In one enbodi nent, the
power ratio is at least 3 dB. By allowing different cells to use different
amount s of weanehsiools e.g., different nunber of carri epgrnisBRegRéods of
the present invention allow a systemto be deployed in a gradual nmanner. A
| arge number of cells with |ow bandwigth utilization, e.g., which use a
single carrier 10 and correspondi ng frequency band, can be depl oyed

col | ovSpe i HR) e b SRR Rrters R 537 B g BT b Tt R iR ' ©

carri er s jiggcityneedCandyhes stdy With thelokiginhindepllymefitdtoae cadies pérsecer. Masovesr
need not initially dedicate the entire bandw dth V\chl“&? 15 may ultinmately be
al | ocat edVhen MUMEPIE eATHER AresP His? &yeh sertohthe prwers ygd BY thase CREets e By nent .

Bandwi dt Ryer@ed: 1n on® EmBSMARA, BH3 rbigtive el efﬁgyggﬁa>eo%tvv&h_tht§se@mﬁers%e or
nore cells, e.g. at the tine of Initia epl oynent’, required at the tine
initial dxptaeydhkmwndathensensskadbne embpdioentithegowet tatip isdleast2dB. e. g. |

i npl enent ed usi ng ot her communi cati ons standards, w thout adversely
affecting system deploynent. 20 In accordance with one feature of the

i nvention, bamgwllewthg diff@bsteell{ @ruse diFitedneambmits Stbandividtitled. | diff@es nambeal i ty
of frequency bands. I§or exanpl e, a frequency band to be used by a system of
6 Mz or of eaysiersethemethodypsthe presens invgntioncadlgw aystem tp be deRlaysd igaggadualy” si ngl e
one of trH%mErr. X %Mg@ceﬁ?%itﬂ%ﬁﬁﬁﬁvﬁ&hhtﬂ{dﬁém! &g Chhlch usd: ?ﬁn glhsie£an be
i npl emented as 'si ngle or mul t1-sector cells using one of the Trequency
bandd0i niahd abirespontiingiieeymentyi aod,cas be deployed dnitialthu &The cpatilityso sugpertnunber of

sectors per..cell may be . in se e.g., froml to or.,3. The, sectors may
cont i nue gitigaal °W8%§%Be f‘ﬁgag‘éﬁg{? oggﬂaﬁe Hyosepﬁqe?@gggﬁscqgéwweqsw er, one
or nore REhLeF S caiiers died {Gch kkebrioPcalse one or nore additional frequency
bands in addition to the first frequency band. 30 WI's may be depl oyed

initially with the ability to support the single frequency band used

t hr oughout th Lnitially. . ole agd ing each
cell and/or SZ%?]%S?&&@S%P is%@g P%‘%“@%B%%dﬁﬁ’??ﬁ@%??gﬁﬁtgﬁﬁ ?equg"%rgy awg],clﬂt he
WI's 16 t inadyl uttiletplydyetiosstdd to iee colndreurticativid YOO/ at GGikhe 61Gh1tIdE2GhniEAd 295 -6

te i he additi I t .and/ sect whi ch h ded t
1o mul t FRPRVEAT Fiee coRTPEIEh 1 BT ERGHGRS Frieyod e SRBPMEIRITE & Beuse e

new y deRinQydtGnififll depRymEAICRMERE] £ $he time initial deployment can be used for providing

other services, e.g., implemented using other communications standards, without adversely

affecting system deployment.
20
In accordance with one feature of the invention, bandwidth intended for a system may be
divided into a plurality of frequency bands. For example, a frequency band to be used by a
system of 6 MHz or less, e.g., 5 MHz, can be divided into 3 frequency bands. A single one of
the frequency bands may be used initially in cells. The cells can be implemented as single or
25  multi-sector cells using one of the frequency bands initially. As demand increases in individual
sectors, the number of sectors per cell may be increased, e.g., from 1, to 2 or 3. The sectors may
continue to use the same frequency band. To increase capacity further, one or more sectors can
be modified to use one or more additional frequency bands in addition to the first frequency
band.
30
WT's may be deployed initially with the ability to support the single frequency band used
throughout the system initially. As frequency bands are added, assuming each cell and/or sector

continues to support the original frequency band, the WTs initially deployed will be able to



In sone but not all enbodinents, different carriers are assigned different
transm ssion 5 power levels. In sone three sector enbodi nents which are
particularly useful, each sector supports the sane set of three different
carrier frovymennsi®sls a different non-overl appi ng frequeatyusbepisdde ng
associated wth each of the different carrier frequencies. So reduce the

ri sk of |nterference and vary the location of the sector boundaries for the
different carriers, one particular 3 sector enbodinent, signals
transmt d_on f . [ fer t hat

t he si gnaﬁsratﬁ1 a{rilllse r%ﬁ &%1 81295 8%0%(53{% ar%%rslé ?tcul hgé %a% B %";D%r&[g?g&ngde ﬁhﬁle%&n‘é@

di f f er enfreq@neieagehonghvtiey Inﬁglﬁlnotlb‘e HActo use te@ewdf déphgyed edrkier fitmensies. age power
| evel may be the power over a tine period including the transm ssion of

mul tiple synbols, e.g., 1 second or 2 seconds in sone enbodinents. In one
particul ar enpodiERi nGFRRMYoaRRIntN diffefent Sflers bR RHEALIRBHERRAMHNSRAion  he
three frequency bands corresponding to the three different carriers each

i ncl ule aoweniewdls. tlp some tBeasscionembydiments whichareepartijularlyt useful reacjusastoy bands

bei ng con d b I ntege tipl spaci ng
bet ween f"ﬁpé’%#%#% ﬁ’ﬁ“gag gg}r?e ‘%{ff?rggtrrcos‘lgsqr\ﬁ%ﬂ%e&ge%% ‘#‘fg%%%tnﬂolan&f}ﬁ pqp Itr:ént ations
wher e t héregyemt e bardheingdssoctmid xsnh @i‘ch of the d[fﬁiﬂéntbmeﬁfrequénm cSo nedecedhd f er ent
nunbers of carriers per, sector, éype information is 20 perjodjcally

transm tpélaoﬁ@reﬁfgreﬁpwdpmoéﬂwéqcam %ft Gifstor heundages fopths diffrenteamiony 1 The

hi gh po o) . and ma
ot PowBhe Pt SBRY oilfodiRbH Ol dAEAURAGH differph cpiRf IMIHILER, d
peri ddi cippyerdévelhw thatrtlee Hgiatgransmittet on apy particilatagrier agricansmittad at atdfenat i on
such as cel |l and/o ctor TI ON OF THE

P GRS Eregtaedoner leviih it shBr o B RO s Ve asar s e DENDB s ver ovel
transm ssinepetiod Boludinpivhe GifinesRion B ﬁﬂlltipllélsyﬁrﬂioﬁ'glé g3 Pee¢ondrdr Sisedvalis om0

Figure 2 is a drawing illustrating ex ary coded bl ock transm ssjion in an
OFDM sy §mbpdimentsg Inspneaiticylpe emp 9‘%\1@1“65%? aljgp Bser 11pgugtan embodiment,

PCTI US20 d of
bandui dt - yeg rersency bidd YbticsfrdindtoihMh G cuffersohtn TR it OF
bandwé dt kniferedy sIm:ethomst Wutlathe drequency bands bpiag dendignousaor spaced by agmeditivevel and
enpl oyed, yni ver sal | hr oug ut th tem in accordance with the present

i nvent i off %rﬁugﬂ.ﬁl ?%paﬁl 8‘0@%5’83 Sfor explaining a nmethod of bandwidth
expansion in an

To facilitate mobile node operation in implementations where the system includes cells
of different types and which use different numbers of carriers per sector, cell type information is
20  periodically transmitted using high power signals sometimes called beacon signals. The high
power signals many be narrow in frequency, e.g., one tone wide, and may be transmitted at pre-
selected frequencies with the frequency and/or periodicity of the tone being used to

communicate transmitter information such as cell and/or sector type information.

25 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a drawing illustrating exemplary coded block transmission in an OFDM

system using non-spread spectrum signaling.

30 Figure 2 is a drawing illustrating exemplary coded block transmission in an OFDM

system using spread spectrum signaling.



exenpl ary cellular comunications in which the added bandwidth is a
associated with an additional carrier, in accordance with the present
invention. 10 Figure 5 is a drawing of an exenplary sectorized cellul ar
conuni cat iwo3owsKedeesn | npl enmented i n accordance wth theTarsesdnisdsventi on
and using nethods of the present invention, the exenplary system being well
suited for a phased depl oynent of bangwi dth expansion. 15 Figure 6 is an
illustration of an exenplary base station inplemented in accordance with
the present i F&Iﬂi‘ﬂ i e 7
is an |IIustr§¥ cp)én3 %P‘l %‘gleg éqgfary V\n{rﬁgggfm& gro%%nacﬁﬂhth éﬁrrg?\dnggacahgw
accordan ccemnmmichtlmﬂsesymmsm which mheebmdwmﬁaasdomemgmmtchrm:s iseixpartded pr @s ent

i nvention. i.]lustr n of an exenplary three sector, per
ol + it diergiged tegelafie Fraptog B phivertiTly ikl Al Batitane WE Bt o o
used in qaﬁﬁu@ﬁctor of a cell, in accordance with the present invention. 25
Flgure 9is an illustration on a exenplary three sector per cell nulti-cel
cel l uPar system illustrating phased depl oynment of increased bandwi dth in

whi ch di fferepig,eal[d aec[ra\‘;vfn?(w&f‘fbk léﬁlﬁ a Rt bﬁﬁ%%?@%@ﬁsfdﬁqri agnd at

di fferent povver evels 1n Che various s ctors 0 system
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an exenp ree sec cell cellular systemillustrating
a level c?gd%‘B'Mlil tm ?‘i?o ’%}hﬁ"ggreé%ﬂtmv&m?nrequenm es each with an

equi val ent associ at ed bandw dth are used sinultaneously in each of the
sectors of the cells, with WD 20051109916 PCTI US2004/ 034295 -8 different
powerl0l evel s Rigier racdrawingiof amexemplary ﬁ@tqmpééelblé%rrcpwmqangns\ﬁéﬁe@ect or, in
accor dan [ 4 on of an
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whi ch mayinteatiors ¢t dxempiany systetobeing wélbssted forraphased deploymentt dfbandwidth may be
used to nmake carrier selection evaluations, in accordance with the present

i nventi off*PE*Plre 12 is an illustration of a exenplary three sector cell
enploying three carrier frequencies (fl, f2, f3), each carrier using a
distinct 1.25 MHz BWin a 5 MHz system an 10 exenplary wreless term nal

receilVi ng beafigires$ isrpaliBustrationsfansamplaryasestaigen implesaeniad ingeeordanservitBi on
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Figure 7 is an illustration of an exemplary wireless terminal implemented in accordance
with the present invention and using methods of the present invention.
20
Figure 8 is an illustration of an exemplary three sector per cell multi-cell cellular system
in which different carrier frequencies, are used in each sector of a cell, in accordance with the

present invention.

25 Figure 9 is an illustration on a exemplary three sector per cell multi-cell cellular system
illustrating phased deployment of increased bandwidth in which different carrier frequencies are
used to varying extends and at different power levels in the various sectors of the cells of the

system, in accordance with the present invention.

30 Figure 10 is an illustration of an exemplary three per cell sector multi-cell cellular
system illustrating a level of deployment in which three carrier frequencies each with an

equivalent associated bandwidth are used simultaneously in each of the sectors of the cells, with



cal cul ati ng expected signal-to-noise ratios, in accordance with the present
invention. Figure 13 illustrates an exenplary w rel ess conmuni cations
systemincluding five 15 exenplary cells, each cell illustrating a different
| evel of deypdoposmedbis Figure 14 is a drawing il lustrati ngceiepmlassyosbase
station attachnent point transmtter deploynment configuration broadcast
signaling. 20 Figure 15 includes a drgw ng of an exenplary |ook-up table
that can be used by a wreless termnal to eval uate base station depl oynent
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Fi gur e 16vithae pessit mvehition. Nng of anot her exenpl ary | ook-up table that can be
used by a wreless termnal to eval uate base station depl oynent
configuration broadcast signals in an exenplary enbodi ment and a table

i ncl udi ng exe : fol [ toi orSii I .
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carrier in cgt{%cor dance iv_g:ltg‘ t he 'Pr.esent i Venti'ﬁﬂtg VO 2005/ 189916

PCTI US200990'9 425 Catrigr §eloctipn evaluangns, macgordanCe;wifh the pEsei i i@ enpl ar y
bandwi dth partition including 3 frequency bands each corresponding to a
different carrier in accordance with the present invention. 5 Figure 19 is
a drawing il | &igurats isgn dHstaion ohacxpmplaty thees aeatenasll saplovinghreesarisli ng 3

f ' [ d ith
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the presdRPSTIRYERPIWSS leve LT PRI PRSI R to lary
enmbodi MenhlcRfatiRP&PestbdbiRd)-t8 A61sO Fatiob, iR At B daR¢ ORI BWPrestAlintintib@r ent carriers
used within the sane sector of the same cell, in 15 accordance with the

present invention. Figure 22 is a drawing 2200 illustrating an exenpl ary
enbodi ment of e, Stat.l e [ 1.55].00. r i {1 carriers
o e oL BRI B0, A5 SRR e il

15 exemplary cells, each cell illustrating a different level of deployment.

Figure 14 is a drawing illustrating exemplary base station attachment point transmitter

deployment configuration broadcast signaling.

20 Figure 15 includes a drawing of an exemplary look-up table that can be used by a
wireless terminal to evaluate base station deployment configuration broadcast signals in an
exemplary embodiment and a table including exemplary deployment configuration broadcast

signal values.

25 Figure 16 includes a drawing of another exemplary look-up table that can be used by a
wireless terminal to evaluate base station deployment configuration broadcast signals in an
exemplary embodiment and a table including exemplary deployment configuration broadcast
signal values.

Figure 17 is a drawing illustrating an exemplary bandwidth partition including 3 contiguous

30 frequency bands each corresponding to a different carrier in accordance with the present

invention,



accordance with the present invention. 20 Figure 23 is an illustration of an
exenpl ary | ook-up table that nmay be stored in a wireless termnal and used
by a WI to eval uate received deploynent |evel cell type information. Figure
24, which Wo&?@?mt he_ conbi nat i on of Figures 24A_ and ?ggmsidol/bbﬁ%sfsat es a 25
met hod of operating a wireless termnal, e.g., nobile node, to select
between carriers based on a received, beacon signal and infornmation about
known downl i nk power transm ssion | evEl relationshi ps between carriers in a
cell or sector, Figure 25 is_a drawing of an _exenplary. system. inplenented
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2005/ 109916 PCT/ US20041034295 -10 DETAI LED DESCRI PTI ON Cel I s may i ncl ude
one or mibventimctors. A cell without nultiple sectors is a single sector
cell, i.e., it includes a single sector. Signals are normally transmtted by
a sector transmtter 5 using a carrier frequency and the correspondi ng
bandwsdt h, e. Bigureol9ds adrawiiigillusraing anvthereneinplgry bandwidil partition inetpdangdy. Cel | s
and/ or sectors of a cell often use &ﬁgrequenc, band,  centered around a
carrier %‘éﬁ!}é}’lgﬁi“dﬁ%’g‘ ogyrespadiag kg ydiffsrentearrier ippecordance Wi thepresent ¢ o

mobi | e ngdRssoCOMunNi cating with a base station on a given 10 carrier
frequency and novi ng through a systemneed to deci de when to nake a handof f
and transition to a new cell and/or sector. In sone cases, where

conmuni cati ons, s e have n 0 ai l.abl e ' .
available to &' gers%tpl lg‘é df)&é% @g&ﬁggﬁﬁlg@ %m:s\c{%l%g ’r?'a%’e%&gngﬁk g‘ggal{ng’

i ncr gasedvithirbthfbe REdIGHS of the sixaa cil whith illke4tes dyackroniesitbnl tetwevatsbaots, iand
apparatus for providing a transition to a higher bandw dth capacity

Wi r el ess 26SORIRIFS Wi G PEeseRtdRERHION phased transition where an entire system
need not be upgraded at once is desirable. It is also desirable that at

| east one or nore 20 nethods be provided which avoid the need for a system
wi de changeov Eigure31lipaidraying lustsasiotg ad epdnylanyrembiodinint ehbase statherssectonponent s

may be gradual . hased in over timnme_as.ne conpanent.s. becone . avail abl e, as
the sorviaRmgrith Rhaves For cisfesint camiss ioed Bithin the Sapstigpior ofphe bamie Cert e e

addi 15 onatcoedupeswitly thapedsert idfendion.i Ndi vi dual user's data requirenments denand.
It is also

Figure 22 is a drawing 2200 illustrating an exemplary embodiment of base station sector
transmission power for different carriers used within the same sector of the same cell, in
accordance with the present invention.

20
Figure 23 is an illustration of an exemplary look-up table that may be stored in a wireless

terminal and used by a WT to evaluate received deployment level cell type information.

Figure 24, which comprises the combination of Figures 24A and 24B, illustrates a
25 method of operating a wireless terminal, e.g., mobile node, to select between carriers based on a
received beacon signal and information about known downlink power transmission level

relationships between carriers in a cell or sector.

Figure 25 is a drawing of an exemplary system, implemented in accordance with the
30  present invention, illustrating that the exemplary base stations are connected by a network, e.g.,

a backhaul network.



desirabl e that phased depl oynents be backward capable with existing wreless
termnals in the 25 field, allow ng custoners to delay upgrade unti
conveni ent and/or needed. It would also be desirable if the nethods of
phased depVO2ee5i0946d not introduce large levels of intBFVEFEIEEE ¢t he
sector/cell boundaries and do not needl essly expend nobile's battery power.
It woul d be advantageous if the net-hbds and apparatus used to depl oy and
access this increased bandwidth, efficiently provide the wireless termnals
with i nfORTAILED DESCRIPEIGN pot enti al |evels of 30 interference and/ or
loading in ditfferent cells/sectors on the carrier frequencies avail abl e,

and/ or to nake handoff decisions based upon interference, |oading, and/or
need. WO 2005410994 Gnd6de dASP BbrORMRAE A ciilwitiut M Sdttdrsistadingioggert he
entire system and depl oy the increased bandw dth capability everywhere.
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t er mhal CHAEGYTY Hldified at the changeover tinme. Different conponents
may be ready or avail able for changeover at different points in tine. Such a
| arge scal e changeover may cause a disruption_in service and be
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deployment in which various components may be gradually phased in over time as new

components become available, as the service providers customer base grows, as localized areas
require additional capacity and/or as an individual user's data requirements demand. It is also
desirable that phased deployments be backward capable with existing wireless terminals in the

25 field, allowing customers to delay upgrade until convenient and/or needed. It would also be
desirable if the methods of phased deployment did not introduce large levels of interference at
the sector/cell boundaries and do not needlessly expend mobile's battery power. It would be
advantageous if the methods and apparatus used to deploy and access this increased bandwidth,
efficiently provide the wireless terminals with information to compare potential levels of

30 interference and/or loading in different cells/sectors on the carrier frequencies available, and/or

to make handoff decisions based upon interference, loading, and/or need.



addi tion, such a changeover requiring each wireless termnal to now operate
on a larger bandwidth may result in larger battery power consunption for a
gi ven user. In many cases, the 25 specific user may not need to be given a
hi gh rate, wanshodgsgfore, it is inefficient to bum battgeyusieoneled th a

| arge B Woperation, when the original smaller bandw dth operation woul d
have satisfied the user's needs. In.addition, as a service provider
transitions froma capability based on a first utilized band to a system
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first size frequency band to using a second carrier with a larger size frequency band may

involve significant changes, e.g., hardware changes in the RF section of the WT receiver. In
addition, such a changeover requiring each wireless terminal to now operate on a larger
bandwidth may result in larger battery power consumption for a given user. In many cases, the
25  specific user may not need to be given a high rate, and therefore, it is inefficient to burn battery
power with a large BW operation, when the original smaller bandwidth operation would have
satisfied the user's needs. In addition, as a service provider transitions from a capability based on
a first utilized band to a system with a larger utilized frequency band capability system, at first
or in some areas, there may not be enough customers to use or justify the additional capability,
30  and thus in such a mass changeover deployment as previously described additional cost in

infrastructure is prematurely spent and wireless terminal battery power is needlessly wasted.



transm ssion power of the carrier frequency f, in each respective cell (408,
410, 412) as indicated by circles (420, 422, 424) overlaying circles (434,
436, 438). Such a deploynent 25 strategy has the di sadvantage that there
will be a {yoted10bdiker f erence especially in the boundarpcTr/eseam3f2980, 442,
444), e.g., overlapping areas between the cells since the sanme BWis used in
each cell. In addition, such an appresach results in data rate capability
rates that vary significantly depending on the wireless termnals |ocation

i o far anc R anTRa g eadilh Lbasdd fon IR B L PR |l o RRVIEH

suppor t edtherd b sdchqmllabaiu:ﬂnerlfseqbalzbyf\wltmhasmmebandwddf issddad toshpentispgsteve, as a

service ovi d uar.ant ee S h rat 005/ 109916
T Ussobherisasads Hiibrs+ il s En ddihen Eassiiie Pl e l0eti BauebP e Eh ed 1 n
accor dang@mMdrsystegn A1986108ing tHIVEREsk 9@1:1@113@40@ 404 408 Hah basediongadpds of
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other MNs, via a wreless to a BS. Exenpl ary évgg 534) in sector

A 5110 of is¢lef ame Soreagh @ellc(é%MéQ 413) inthgexempog system @D} of Bigare l. nks” (533, 535),
respectively. Exenplary WIs (536, 538) in sector B 516 of cell 1 502 are
coupled to BS 1 508 via wireless links (537, 539), respectively. Exenplary
W's (540, 542As thaneslcirises, Egh hbrotuscmhdrs, hs&ﬁ:ﬂdammfmpieady f2c4288/1th SBW Xi a
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Wrs (564the 2@15556% 419} 4%%}: tL8¢ sige sBihe 6?”4?@11' 1111330@(‘?6 ‘lﬁ"e 4@%&’@8@@ the,cells 4081 2 v a
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20  cell, which is the same for each cell in the exemplary system 451 of Figure 4. The relative

transmission power of the carrier frequency f; in each respective cell (408, 410, 412) as
indicated by the size of circles (434, 436, 438) is equivalent or nearly equivalent to the relative
transmission power of the carrier frequency f; in each respective cell (408, 410, 412) as
indicated by circles (420, 422, 424) overlaying circles (434, 436, 438). Such a deployment

25  strategy has the disadvantage that there will be a lot of interference especially in the boundary
areas (440, 442, 444), e.g., overlapping areas between the cells since the same BW is used in
each cell. In addition, such an approach results in data rate capability rates that vary
significantly depending on the wireless terminals location in the cell. Near the base station, high
data rates will be supported, while far away from the base station only lower data rates will be

30  supported. This approach is bad from a quality of service perspective, as a service provider can't

guarantee a mobile user a high rate.



BSs maybe coupl ed together via a network. In Figure 5 the BSs (508, 510,
512) are coupled via network links (570, 572, 574) to a network node 568.
The network node nay be, 25 e.g., a router. Network node 568 is al so
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20  566) in sector C 530 of cell 3 506 are coupled to BS 3 512 via wireless links (565, 567),

respectively.

BSs may be coupled together via a network. In Figure 5, the BSs (508, 510, 512) are
coupled via network links (570, 572, 574) to a network node 568. The network node may be,
25 e.g., arouter. Network node 568 is also coupled to other networks nodes, e.g., other base
station, AAA node, home agent nodes, etc., and the Internet via network link 576. Network
links 570, 572, 574, 576 may be, e.g., fiber optic cables.

In accordance with the invention, different cells (502, 504, 506) of the system 500 may
30  support various levels of multiple carriers and various levels of frequency reuse, and the system
500 is well suited for a phased deployment of a bandwidth capacity increase, e.g., from
1.25MHz system to a 5 MHz system where the 5 MHz system may be supplemented using 3

carriers each having an associated non-overlapping BW of 1.25 MHz. The frequency and/or
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20  processor 602, e.g., CPU, a receiver 604 including a decoder 614, a sectorized transmitter 606, a

memory 610, an I/O interface 608 coupled together via a bus 612 over which the various
elements can interchange data and information. The receiver 604 is coupled to a sectorized
antenna 616 and can receive signals from wireless terminals 700 (see Figure 7) in each of the
sectors covered by the base station 700. In some embodiments, receiver 604 is a sectorized

25  receiver, e.g., one receiver per sector or one receiver per sector per carrier frequency. The
sectorized transmitter 606 includes a plurality of transmitters, a sector 1 transmitter 618, a sector
N transmitter 620. Each sector transmitter (618, 620) includes an encoder (622, 624) and is
coupled to an antenna (626, 628), respectively. Each sector transmitter (618, 620) is capable of
transmitting downlink signals, e.g., data and control signals, on a plurality of bands, e.g. 3

30  distinct 1.25 MHz BW bands within a 5§ MHz BW window, and can also transmit beacon signals
in each of the bands, in accordance with the invention. The base station I/O interface 608
couples the base station 600 to other network nodes, e.g., other access nodes, routers, AAA

servers, home agent nodes, and the Internet. The memory 610 includes routines 630 and



associating WI 1 to a specific carrier frequency used for ordinary
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20
Deployment configuration broadcast information 657 includes information identifying

the status of the base station sector attachment point transmitters in terms of deployment status
such as information identifying the sector, type of deployed cell from a plurality of possible
deployed cell types, information indicating which carriers are being used in which sectors,

25  and/or information indicating the power levels of each of the carriers used in each of the sectors.
Deployment configuration broadcast information 657 also includes information structured in
messages to be sent as broadcast messages, e.g., periodically to convey the base station's

deployment status.

30 The base station’s memory 610 includes communications routines 634, and base station
control routines 636. The communications routines 634 may implement the various
communications protocols used by the base station 600. The base station control routines 636

include a scheduler module 638, signaling routines 640, and a sectorized transmitter power



controls transm ssion power so that in each sector the downlink data
signaling using different carrier frequencies is transmtted at different
controll ed power levels in accordance with the invention. 20 Figure 7
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invention.

20
Figure 7 illustrates an exemplary wireless terminal (mobile node) 700, implemented in

accordance with the present invention. The wireless terminal 700 of Figure 7 may be a more
detailed representation of any of the WTs (532, 534, 536, 538, 540, 542, 544, 546, 548, 550,
552, 554, 556, 558, 560, 562, 564, 566) of the system 500 of Figure 5. The wireless terminal

25 700 includes a receiver 704, a transmitter 706, a processor 702, e.g., CPU, user I/O devices 707,
and memory 708 coupled together via a bus 711 over which the various elements can
interchange data and information. The receiver 704 including a decoder 710 is coupled to an
antenna 712 over which the wireless terminal 700 may receive signaling including beacon
signaling transmitted from different sectors by different base stations on the same carrier band in

30  accordance with the invention. The illustrated receiver 704 supports multiple carrier frequencies
and may switch between various carrier frequency bands, e.g., three 1.25 MHz carrier frequency
bands supported in a sector or cell. The decoder 710 in the receiver 704 may decode ordinary

signaling and use error correction coding processes to attempt to recover information



devi ce/ session/resource information 734, power information 736, detected
beacon signals information 738, carrier frequency information 740,
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20  files intended to be sent to/ or received from a peer node in a communications session with the

wireless terminal 700,

User/device/session/resource information 734 includes terminal ID information, base

station ID information, sector ID information, selected carrier frequency information, mode

25  information, and identified beacon information. The terminal ID information may be an
identifier, assigned to the WT by the base station to which the WT is coupled, that identifies the
wireless terminal to the base station. Base station ID information may be, e.g., cell identifier
such as a value of slope associated with the base station and used in hopping sequences. Sector
ID information includes information identifying the sector ID of the sectorized base station’s

30 transmitter/receiver through which ordinary signaling is being communicated, and may
correspond to the sector of the cell in which the wireless terminal is located. Selected carrier
frequency information includes information identifying the carrier being used by the BS for

downlink data signaling, e.g. traffic channel signals. Mode information identifies whether the
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20  base stations in the communications system with a specific carrier frequencies, beacon signals,

and sets of tones. SNR information 744 includes signal to noise ratio information including a
measured SNR for the current downlink traffic channel (with the current cell/sector/carrier
frequency connection) being used to receive downlink traffic signaling, as well as, predicted
SNRs that the WT 700 would experience if the downlink traffic channel signaling was

25 communicated using a different connection to a base station, e.g., a different cell, sector, and/or

carrier frequency connection.

Received/processed base station deployment configuration information 746 includes
received broadcast messages from BS transmitters conveying information which can be used to
30  determine the deployment status of the corresponding base station transmitter, e.g., in terms of
deployment cell type, frequencies used in a sector, and/or power levels used corresponding to
the carriers deployed in the sector and/or cell. Received/processed base station deployment

configuration information 746 also includes information determined from those received



The signaling routines 726 include a beacon detection routine 730 and a

depl oynent 15 configuration nodule 731. The beacon detection routine 730
detects and identifies beacons signals fromdifferent cells and/or sectors
transm tt egyavedobi@oiche same carrier frequency band thapcilig0ddez®3 i s tuned
for to receive ordinary downlink signaling, traffic channel signals. The
beacon detection routine 730 al so neggures power |evels for each of the
detect ed beacon signals. The depl oynent configuration nodule 731 receives
broadcast signals fromBS transmtters 20 including depl oynent configuration
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738 and known power relationships associated with the various
cell/sector/carrier frequency conbinations to cal cul ate expected signal

strengt h | evelyst rodtifs,718 dichafe awithinitatibisabiitie 720aRA Sliretdsg tbadtnal ¢dntrbhe WP
700 was connected _to each of the potential = cell/sector/carrier frequency

combi nat FOHsesid; Wirsless terminabepipapnicasioneiorting T2cRayimepiereent she varignt | ne 728
o .| . . _ ; o
pot ent i aFORLtcRidbrabRl BBty ThANTrio S T8, WA | BirhCo RO PRUEG
st ati on d2hpefarindhe funstionial ¢antriobspecationeof the wissless teainirmal 70hewlutding powanect i on
' dicti tine 72 ke decjsi .to 3 i ch.
ol | TsectomaLaiming Ftb gtisaiye e A drocromentiO] ArtRE AR ieigie st s
Si gnahs tbeselshiion 8MdceRE/LAtEr RafRnS) RlcbOh, aNhAA0F 1B findolehs 1498084434295

-20 Figure 8 shows an exggl ary wireless comunications system 800 of the

i nvent i ovithithecinuesition. The BEl eantiobrquiings| 724 inphmle sigaplingrogtines 726lapd 8 806), each
cell indicat b | i ] |k Cl C . 0 represents
Che wi roreReeiop bnibalfn edodth ik s pEAaffifoylifid e Wiy 0 fto

respect i webimation 720 mdnerhory V08 comtal theadpetation ofthe recEiven7®ednd t(aBfiRitteB8T06. 806)

i s subdi \ﬂade,d into 5 th s A B, an ' i ncl udes sector A

] segto and C gghl 411 SO%
814, sectl8F SEPADE rowings &elipplude Baason deteqtion souiigg 7o anq,fEePIQURTEr A 820,
sect Q5 B &dfourAidf n2RGle9B 1 CTRE feach bdteRioR PSutinE T30 d&Scts S5d RentfFies Befonsect or B

828, and sector C_830. Base stations sector A.transmtter_s uses carrier
f r equencyigndl fraintdifferens xndsirgl/dr seftors trgnsmittePFithapithe smeccanmerfiequencyhand r om t he

P25 3oLl B g 3L 480 SRR gL

communi C@kdcondetediddeoiind 780 aARo aRasREs fowef RREIFTdrleatiSofiie detécted beakord sigtlency
f3 with a bandwidth of 1.25 WMHz. for communi cati ons between the base station

to wirel d5&derloymensraniiguragipp module| 731 seceiygs brapdegstisignalsdenm Bd tapsBitiEs shown in
| egenf 8Rgindhf depfoymbst donifil e GPinfmB¥orfand uses the stored BS deployment signal

evaluation information, e.g., a look-up table, to determine the deployment configuration of the

corresponding BS transmitter. The connection comparison prediction routine 728 uses detected
beacon signal information 738 and known power relationships associated with the various
cell/sector/carrier frequency combinations to calculate expected signal strength levels, e.g., for

25  downlink traffic channel signals, if the WT 700 was connected to each of the potential
cell/sector/carrier frequency combinations available. The connection comparison prediction
routine 728 uses the calculated predicted signal strength information to calculate potential SNRs
(signal to noise ratios) for each of the candidate base station connection possibilities currently
available. Then the connection comparison prediction routine 728 may make decisions as to

30  which cell/sector/carrier frequency to connect to and initiate handoff requests signals to the

appropriate base station.



dot/dash Iine as shown in | egend 834; carrier f3 is indicated by a dash Iine
as shown in legend 836. The radius of each (dotted, dot/dash, or dashed)
line is indicative of the transmtter power L5 associated with carrier in
the given REoS100818 the exanple of Figure 8, the pOMBFPﬂﬂUQ@@ﬂBjﬂgtOF for
a given carrier 1s the sane or nearly equivalent. In each cell (802, 804,
806), the exenplary total available 5N+E bandwi dth is subdivided to include
t hree non-overl appi ng bands, each w a different carrier frequency. The

pattern is repeated across the ceIIs of t he s stem 80% each cell
oriented appraHEa%s Eﬁnr’?"?lﬁgla’é)’a‘?’r’éﬁlﬁﬁsrc@’@fquawa 14 sydem Poﬂf%hgia vengeny  826) of

celI's (§Qdudige BrlQls é@ﬁh 808 adelli2eg04f éeﬂcslm%aéu celiSnMieRed bea sbiRflifeatiRl. by
dotted Iines %838 850), respectively.” In sector B (816, 822, 828) of
cells (Sbgh c@D@OZwG) 806&snpmsemts ﬂxeempémyoxfezagegmﬁew bage Staﬁam (ﬁ%e&ﬂ%y

dot / das%dé neg%%%glgsl)ogﬁg at%lli-’ezéente];r%?@lgé%ﬁ \ﬁ%f%cell @8%983)51%06(;\15( 21% cﬁézlig 830) of

cells ( carrier ftrequ as’in y dashed

| i ne 5( 84Rree Scbbors &53) andr@ qedictt SOZJ.ﬁhMudeéx@ect@dN&m 3gtordB 816liand agypera2818. of maki ng
use of the 5 MHz total BWavailable is that the wr Iesgqthtermnalé, e.g.,
| ess

mobi | es, eéla?nS%IB%%e sgetar /p B2Qaseeter 3, §24 andisrskns L8 %o Gellgli$0q ingludeseseqtpr
term na'sztsose%i/ﬁ s&@eanafgeétbw 88 %se@eaahts@aowtﬁ r?&e%ep@meﬁ;e qfency

particular’ poi nt tinme as e case | requency hopping
t hr oughduwith hbaﬁlw«im of aigd IMSMHzéazt commuaicationsifrom thethashstatimgteivarelesThe 1. 25

i gnal | NG PPy i B PRy S8 P Ry BRUER R bR e 1o

pr ovipde MHSorfcdmmuniBatitrs; Bise $laBB@ seftor € tiahdnyittert iSesRafricr Grryihcot; wiltea t ot al  BW
into distinct bands can result in _ a |ower battery power consunption, thus

i ncr easibapdwidihedfds2d W@fmaﬁpﬂwwe%%b%éﬁ%@hw Wistlessterminanar ges or
repl acegga%r £ ig@&ﬁcét&ﬁ: t!eﬁ%n@ﬁ?&m%tm @:ﬂﬁepp F?s 24 ﬁﬁteﬁ ngt ot al

MHz ban a particul'ar comuni catloﬁs Sesaion, vant age of th| S
appr oac ldog8asiing @@@{omg@ lﬁemw,JSﬁﬁeﬂﬂg 34dioded bpd dmhrtnmrae dhdvn indegegdt he sane

carrier ch sec t hat terference is reduce s different
carrier 8}3818? (ﬂ%t?& %{t/degj ‘Ea"’ﬁféfdsg‘ﬁ?@rm ‘Eﬁf’ﬁ'& ?F‘&‘ rangiftier B o

r esulst 'a@so@mﬁ@&rvﬁtw&rimhetgﬂfeﬁld%&mm aR'Rasple b FRARd 9ltke ﬁdWerfiﬁEdcﬁ s&dtort he
system This nore uniform throughput can be important in ternms of quality

of ser vifera given ¢astigrds thiplsame or rearfly equivalenih Imeach celbi(892: i, 80%)) the lsxemaplany| | abl e
{hr ough Quth dvafarty SYERbafRSAARY bl LR B R HrpP RO SRS BBinE B o Wik | )

i mpor t an W T el'ess Sy 8 ere burst’y and
t her e | 2 diffaemsianier fi8iuentyg "Dﬁe pmamrmirepeaecgmd)ss theMellc bf theagstém 80@,awith t he
wor st case u er I n the syst In such as system bec e of the reduced

't er f oreBFETIGEiFRRd PRRR IR TR SAReINIRCHRIY TR S¢ctere &% 32, Sofslcrts 802ne
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In sector B (816, 822, 828) of cells (802 804, 806), carrier frequency f; is used, as indicated by
dot/dash lines (840, 846, 852), respectively. In sector C (818, 824, 830) of cells (802, 804, 806),
carrier frequency f; is used, as indicated by dashed line (842, 848, 854), respectively. An
advantage of this approach of making use of the 5 MHz total BW available is that the wireless
5  terminals, e.g., mobiles, can process a 1.25 MHz band as opposed to requiring the wireless
terminal to have the ability to process the larger 5 MHz band at a particular point in time as
would be the case if frequency hopping throughout the S MHz band was used for a
communications session. The 1.25 MHz band is normally sufficiently large to support spread
spectrum signaling and frequency hopping over a relatively large number of tones to provide a
30  fair amount of signal diversity. The portioning of the total BW into distinct bands can result in
a lower battery power consumption, thus increasing wireless terminal operational time between

battery recharges or replacements since the mobiles need not process and hop over the total 5

MHz band during a particular communications session. One advantage of this approach as



10 approaches. This approach of using different carrier frequencies in
different sectors also lends itself well to further expansion in a phased
gradual deploynent as needs arise in accordance with the invention. Figure

9 i |1 ustralhRSgdhosssgP! ary wirel ess comuni cations systgm/gdodd3siosdi ng
three 15 exenplary cells.(cell 1 902 cell 2 904, cell 3 906), each cell

I ndicated by a solid line circle. h cell (902, 904, 906) represents the
Wi rel ess coverage area for a base st ion (908, 910, 912) | ocated at the

center of the cell, (902, 904, 906 respectively. Each c 904, 906)
is  subdfSmRAES @Hﬁ’&gﬂf’rs@@%éﬁeb’r 2 SeREOT AAE nteEGATPOp G P?Fér %Pdﬁ%ferg&fct or A

914, sectffieBredhbncidnet ustgaf Qi1 dd %&or bgﬁllldangs Sids fﬂb‘&ld‘&l@lﬁt PAGheE ufifSrad.
sector B 922, and sector C 924. Cel 3 906 20 includes sector A 926, sector

B 928, aﬂm@bput@pross B8 Gect@annd eslls blithuc§yst¢1m This sxbre yniforguhraughput gan b  shown

o34 *Car Prispapyf ks i st BinapRoS Gho it ol e Runb B, "

carrigr fdlighle €iF6yghiolit thé Bystdnd Réedveshmtarfatente atWolildagied is3fattidil dplg iehpbtkind irs egrrent
of the 5 MHz available total BW and the BWsegnents are non-overl app

The radi W&elss Gcsysicas: Ve rallisignds fo bejhuryry anblvre)if 4 gonstanf sfgng g ?%wgf t he
25 transg};ﬁ% thm&% ?0%%9&4 i Grsrbdsl uldtn &1@ ggt&ﬁ I subh 8s G)s¥al) beGubbrthd N the

first ce ase stations sector ansmtter uses carrier
f requenc ;edﬁdcdanteﬁerem@bvqinmwcbrmm SR cr)ay%Bbef wrbadptimrefire dtei costsassagiated,

downlink traffj.c control. chan ignals, . fromthe base st ti n 908 to
vl s withfidohiGe BBEr b leo i BORT S howed el fens, i ThAIRE R o
carrii@r hppReHeBEC Yhis &B}’;&ba@h dTiuging laerveeent kaviet fréqueRdiesdift Qliff@Ent@adtars also lends
communi cati ons; the ase St atIOI’l sector C transmtter uses carrier

f r equenciseifavell tofuraegexprasion in e plased eraduabdeploymant axmesds arserin AfcordanemYith wo
2005/ 1093_%@ e ddsS20041034295 -22 In the second cell 904, the base stations
sect or ransmtter uses carrier frequency f1 wth at a high power |evel
(arc) 944 for conmunications, e.g., downlink traffic and control channel

10 to.wireless termnals t he base

signals, from.,the has tatio 0;

station sect oFEEe 9 tlﬁa%?ﬁsta{llsrelﬁ@@@ B LmE RSt 57 900 BeAahRE & e

I evehs ( ae;ee)np%ﬁ celpsetaéu £004, %enitz 984! cell B@bgf BRMicaN ﬁumwby £468U lind ke 948, and
O for data conrmuni cations; the base

carrier f1 at Ql‘ﬁower ev@@eéarc

station EedtcsH (!@25 Perh 9AP ) tepie ewsrplcsSeqovmas@q@remfw afbgsexgtationgPO%H GWBr912) ar c)
952, and V, 954 for
dat a co%n&%tgp é%g&%ggl%yw{lgg g&%’éﬁ}% %%eEaQH i dr(IﬁS@é‘fgr ) 2920 of the
second cedbdivided 1f1t0rthléa§ettor£AnB1m1dccatGeﬂr15902(fﬂdlﬂideeSCo‘t(ﬂ'A9141&éctOlSE916 nndector C

924 of t Qe%to? %Coréd C%ﬁ 2 90%()1301u8cs sgc%ér A 920, sector B 922, and sector C 924. Cell 3 906
20  includes sector A 926, sector B 928, and sector C 930. Carrier f; is indicated by a dotted line as
shown in legend 932; carrier f; is indicated by a dot/dash line as shown in legend 934; carrier f3
is indicated by a dash line as shown in legend 936. Each carrier frequency fy, f;, f3 is associated
with a 1.25MHz bandwidth segment of the 5 MHz available total BW, and the BW segments are
non-overlapping. The radius of each (dotted, dash/dot, or dashed) line is indicative of the

25  transmitter power associated with the carrier in the given sector.

In the first cell 902, the base stations sector A transmitter uses carrier frequency f; at a
high power level (arc) 938 for communications, e.g., downlink traffic and control channel
signals, from the base station 908 to wireless terminals 700; the base station sector B transmitter

30 uses carrier frequency f; at a high power level (arc) 940 for data communications; the base
station sector C transmitter uses carrier frequency f; at a high power level (arc 942) for data

communications.



10 conmuni cations. In the third cell 906, the base stations sector A
transmtter uses carrier frequency (fl1, f2, f3) at high (arc) 956,
intermediate (arc) 958, and |l ow (arc) 960 power |evels, respectively, for

comuni cat W‘%&Sﬁﬁ’ g downlink traffic and control chanp@fmgomhgs fromthe
base statio to 15 wireless term nals 700 the base station sector B

transmtter uses carrier frequency ( fl) at a (high (arc) 962,
i nternedi ate (arc) 964, |ow (arc) 96 povver | evel , respectively, for
conmuni cat i ons, downlink traffic and control channel signals, fromthe

base station 191126 %eéon%elneqoés@e paserfiaHansseqtonA transraitishuses Sage] %?ﬂ‘@’é‘ii’tftb C
transm t{.ep Mﬁgh ?mﬂ 16¥el ta{r@)%arf&ycoﬁ{@ma‘ahon Fg AbwninK (24160 aﬁ@é&ﬁrofﬁo

i nternedi ate , low’(arc) ower respectively, for data
20 conmmucthiapse! |sxgnds, fromp. the blasatationk 9 1(r tafWuebesatednhnlst?iOGi the haserstdtion |sgmrIE , from
t he base _station 912 erm nal s cell 906

there ist quqrpéealf@ﬂ?i}frféw'@gy gl% ewor\%e[rl%vgf arc-gggé c[aﬁgqr ‘?ﬁsana frequency

reuses of inldrdeding beeﬂebél (Z&cPOB, bibEaridr; & afl6w ?B@Bﬁl&&vél%&%)?%(ﬁﬁoe dgenmewher e
bet ween 1/ 3 and 25 Figure 9 represents different |evels of frequency

reuse t hem%eﬁwas $heshaserstatien sealer Crteapsrpidtaryses caryier ispauencyln at e PRSI at e
| evel aﬁicg%?yaﬂﬁ @&n’epfrgﬁ.ge?é?df"%& fM&&&{{@alb»wrﬁlg&él %{}?) Jd&efor hdy st cell 902

may repr nt a region there custoners to support,
whi l e t bemmimicationsl (Darﬁeﬁ forend f epmesesed irasecgiARR0vdf eheser et @11004 fer datagh

nunber of users to s fferen 0 9 of the second
ol | Soacp TRy S ERGH istleinrme: SU e PR ng o
di ff ey entorhmimtat@hs.user support. Alternatively or in addition, the

differences in I|evels of deploynent in each sector of each ceII may
correspond to a gradual I nfrastructure deploynent program e.g., based upon

hardware del 'ﬁ(x‘%ﬁ g&?fb@& thef L Q5 dn@%# {xhx%?nimlfﬂd&ééa&ﬁﬁf}&g %“fl& ”ﬁ“"e' Y
or in addition, eren eve ploynment 1 n eac C

2005/ 109£B) Gt legH (M%G%&M&ﬁ&e (aré)EDStBemﬂﬂdw (gro96thmwelr daveks] mgpeagvégrfmnt s
and/or fre enC|es avai rovi der. to

f t, t
parti cul BRIFALOPS, €& W@%Hgélc q?q% I CeP5§IQ ef’i—?ﬁb’ihﬁ %\/&?4“811 g‘i%to
R L e T e ge&oﬁmﬁﬁsmlagﬁagemrﬁwfr@q%ﬁcsj b8l pe02,

cell 2 1004, cel 1006), each cell indicate asolidline ¢irc

cel | (106gh @@0262 1106@)661!@@(8&@@@510&*@00\%@1)9@@ vler%g@ﬁml&afof or a base

station (1008 010, 1 ted. at .t center t he ce 004,
To06) " EXBBLHpRRG Siee soprlnk FEeGHa Bonedph Gyl silnalt) oBFIRE Rose staOR 12 by e
sectors AirelBss térfindls 7008 the bdd3QfitibM sdctvd Eremiter udss tadibr fre@@atp(f; B, 196, and
sector C 1018, Cell 2 1004 includes sector A 1020, sector B 1022, and sector
a (high (arc) 970, 1ntermed1ate (arc) 972, low (arc) 974) power level, respectively, for data
20 communications, e.g., downlink traffic and control channel signals, from the base station 912 to
wireless terminals 700. Thus, in the 3% cell 906 there is full frequency reuse. In the first cell
902 there is a frequency reuse of 1/3 and in cell 2 904 there is a frequency reuse rate somewhere

between 1/3 and 1.

25 Figure 9 represents different levels of frequency reuse throughout a system and may
represent a system in an intermediate level of deployment in accordance with the invention. The
first cell 902 may represent a region where there is a low number of customers to support, while
the third cell 906 may represent a region where there are a high number of users to support.
Different sectors (920, 922, 924) of the second cell 904 may represent different regions, each

30 region requiring a different level of user support. Alternatively or in addition, the differences in
levels of deployment in each sector of each cell may correspond to a gradual infrastructure
deployment program, e.g., based upon hardware delivery, funding, and/or installation

limitations. Alternatively, or in addition, the different levels of deployment in each sector may



10 C 1024. Cell 3 1006 includes sector A 1026, sector B 1028, and sector C
1030. Carrier ft is indicated by a dotted line as shown in | egend 1032;
carrier f2 is indicated by a dot/dash line as shown in | egend 1034; carrier
f3 is ind e& mdsfugord dash line as shown in | egend 1036. pERgkrooH@utoser
frequency fl, f2, f3 is associated with a 1.25MHz bandw dth segnent of the 5
MHz available total BWin the exenpl ﬁry enbodi nent, and the BWsegnents are
non-overl appi ng. 15 The radi us of ea' " (dotted, dot/dash, or dashed) line is

i ndi cative of the. t ansmtter ower ssoci at ed W the carrier t he
gi ven sed¢Rspd upgp e Elceni’@g 3 t§ andfor; 'Q&%FFEW?I%L%W g’é’tsﬁﬁv 1°8fpr‘l‘“éerit9 e., the

sane set ,Qf ot tHSARRDRE BSint & tiggd i n each sector and in each cell. In each of
the three cells (1002, 1004, 1006), the base stations sector Atransmtter

uses 20 carrier frequency (fI, f2, f3) at a (high, internediate, |ow) power
I |, i velw, ' trol
vel ) " ESPoChghel s ERETMBIER N oo RUR ey 160 oo™ o
t erm fial sxeffiflary cellss(aelhl ¢@032, c{1120Q04, ﬂ:?lg@lm()ﬂ)(bfﬁ?h cdlhﬁdmaﬁ_ébﬁhabluci)mlmxgteoi B

t tt n , . L.n | at e,

o povsch eelarodE: | iede) Sehserit iniesheosrze Hragor ® hOSIHRRCIPRY 1 ¢ and
control gHaNAEI2) %@a&a |a§the fc&ﬁ@@ dfiike &m@oo%%?mhamwgf redeBvely. Ghehn cel0d802,t 0

wireless termnals 700; the base station secf transmtter uses carrier

f r equenc 004, 3006t SUbQI)Vlchd indo (tregysectorsA &3, raad CatGell 1 H0R ipcJudas seaioroh 1014,

channel - S 1016, ERRTRECHBLS “Chke foflipgli Lol da 102 koA 0f Al Geor

t er mipal € 1024. c¥he 1006 in@WdEEGseBl@i' Al1026, sectotB @028, @ndieea:ﬁfrlcbeoime:aheael isstation
transmtter power |levels in_system 700 with respect . to the &arri er

f r equenciicateddya dottelingasishpWwn i lggenddfié#: cager f2dd Mditalidrhyn avdagidingas
Ca”'er/k@a%qom@gen& 34 ehkier £,§ nﬁh&c?@&@%?ﬁ%ﬁ 1A AP own R9E46A0 1084, e RACE
or high power

number, arc |1 ne referénce nu carrierfarc line reference
nunber f oarrienfrequemyifatfs fgswocmmﬂmélra 1.29MHz bamskwidtbfsegraerd ef therfodHzf or | ow

000 t A [ f2Lf 1002,
ore S oStz B e dpmela atfdlnerd i e WoR e e e B B os - 24
B, f235f 3mhé rad{uk@PdachXdifed, d&fh&&ﬂ-@ﬂ@dsﬂ%ﬁhe 1s(1ﬂ(§1:z{t1v& of §RGEMEmitier power
f3/fl/fz):(1002, 1018, 1050/ 1052/ 1054); 2, sector A

£1/f 2/ f 3pssocigied With 2ite, camimsén thepeyengedyr. In %@ 110, ghere ica fequency wepserfagter gf-I¢ 1004,

f1 g/z f2 |/f1 g?_@, %‘83%{‘%%2?%‘é’%ﬁ%sfg)‘i%%t"%S?‘ gqnddneach el A f1/72/3): (1006,

1026, 1074/1076/1078); ( cell 3, sector B, f2/f3/fl): (1006, 1028, 5
Filgur e 10 T epiiseehbehe iseedils (R09olo0d IOoPL okits Hbinassion o Fgmucciaen
3 gglt gg rrg%%rﬁere geq%w (ﬁn@ ff?))ﬁt h @R EE SRBimeRAats, [vBPokner RiveRF4paE9ely| Ry el of
commumcatlons e. g downhnk traffic and control channel signals, from the base station (1008,
1010, 1012) to wireless terminals 700. In each cell (1002, 1004, 1006), the base station sector
B transmitter uses catrier frequency (f2, f3, f;) at a (high, intermediate, low) power level,
respectively, communications, e.g., downlink traffic and control channel signals, from the base
25  station (1008, 1010, 1012) to wireless terminals 700; the base station sector C transmitter uses
carrier frequency (f3, fi, f3) at a (high, intermediate, low) power level, respectively, for
communications, e.g., downlink traffic and control channel signals, from the base station (1008,
1010, 1012) to wireless terminals 700. The following notation is used to describe the base
station transmitter power levels in system 700 with respect to the carrier frequencies: (cell,
30  sector, high power carrier/intermediate power carrier/low power carrier): (cell reference number,
sector reference number, arc line reference number for high power carrier/arc line reference

number for intermediate power carrier / arc line reference number for low power carrier).
System 1000 includes: (cell 1, sector A, fi/fy/f3):(1002, 1014, 1038/1040/1042); (cell 1, sector



depl oynent program has been conpl eted and/ or where the service provider has
a larger 10 custoner base with high demands which can justify such a

depl oynment level. Wiile the three carriers are transmtted at different
power | evelso RbsnddisP3. in each sector. |In various enbpgdiiBibsodsdere is a
fixed relationship between the three power |levels P1, P2 P3, that is used
in each sector. In one such enbodineyf P1 > P2 > P3 in each sector and the
ratio of .5 P1 to P2 and P2 to P3 iS the sane regardl ess of the sector.

P R S

wi r el ess|gs@no3Tad),7 Q61 2, Rc@r A, fBEDE:):€R004 ] B8] 1036/1058/0061); Fcellyk b&ior B30 t hat
t he nobil es naa make i nforned decisions ?0 re ardlnaohandof S bet ween

f t he
vari ous fo/sffuF@Pe4, 4023, 1863/ L064(1096): f (eelbhiseetprpfaiidls): dH0H IRET 1063/d0U/19725m t he
i I . t r 1 " tq , the
mobi 1o <SHELERIEE FR/BLABE 1046, 6710/ RARE' CATRetlof B, ERGLMN0B8 1098, oncy
to ude flO80A D82/ HaBAN (calt 3, seotonTnfsfaf,): (1066, 1D30,A4084i1688/38%)). above, beacon
signals are transmtted in some enbodi nents. Figure.ll shows exenplary

beacon signaling for an exenplary cell, e.g., one of the cells in Figure 10.
Figure 11 shayguré M?b%réﬂbr&& theGhmd 1781 dYlieqhiehad sevsd APdughddiOhch deb@ftlof at he set of
three bands (1102, 1104, 1106), represented horizontally in illustration

1100, nedystp@ and elayderdesgat Hystenon ag adygneed levs of depleymeitd- Hn¥haig8temwith a 5

i1 eauencoP e Re B n Beck b iéh O] Shart Mierite debtl: AR P PN
beacidn toustosit bt ovithdiigh deepndswhick dar justifiy@ucher ddpbmyimeneletvelon of illustration

1100 defined by the vertical boundaries of block 1114; sector A base
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11045 1186y Paandd,ftd By @rilie satreiegardlddsios thelskaws a wirel ess terminal 700 in any
sector to maintain its receiver on the 5 frequency band that is currently
using for downlink data signaling, and yet receive and process beacon

signal s frompaglia¢ptan3REhaNicd FRI0E ah BxeRiHRY niehhdiPfbeslnisiinasg fegar di ng

handoffs. The “tone locations of the beacon”signals wthin the 1.25 M HZ
band caraceerdanse withahe ipvenionrwhich may bé whedta dopiveyyinfarmation wirclosatatminals 760, | D.

In Figu re(.ag.,:I'n:lit)bifjlets tr%{feqﬁgttl%rbugﬁ'leé: éycs){em?sc? fhafthe tm%rb{lgsnmztl}; r%gﬁerqn%n%red decisions
0 regarding handoffs between the various carriers available at different transmission power levels
from the various sectors/cells of the system. In accordance with the invention, the mobile selects
and determines to which cell, sector, and carrier frequency to use for the downlink

communications.

'5 As discussed above, beacon signals are transmitted in some embodiments. Figure 11
shows exemplary beacon signaling for an exemplary cell, e.g., one of the cells in Figure 10.
Figure 11 shows three distinct 1.25 MHZ bands (1102, 1104, 1106), the set of three bands
(1102, 1104, 1106), represented horizontally in illustration 1100, may be included as part of a
wireless communications system with a 5 MHz overall BW. Each 1.25 MHz band (1102, 1104,

30  1106) includes a carrier frequency (f; 1108, 5 1110, f3 1112) respectively. Sector C base station
beacon transmission are represented in the vertical section of illustration 1100 defined by the
vertical boundaries of block 1114; sector A base station beacon transmission are represented in

the vertical section of illustration 1100 defined by the vertical boundaries of block 1116; Sector



transmts a beacon signal 1122 within the carrier f3 band 1106 (row 1120),
sector A base station 10 transmitter transmts a beacon signal 1126 within
the carrier fl band 1102 (row 1124), and sector B base station transmtter
transmts {PaasfPog! gnal 1130 within the carrier f2 bapgrydfddydsiny 1128).
At tinme t2, sector base station transmtter transmts a beacon signal 1134
within the carrier fl band 1102 (roy.1132), sector A base station
transmitter transmts a beacon signafF-1138 within the carrier f2 band 1104

(row 113651?,25 and sector B base station transmtter tra_nsrrit? a 15 bheacon
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l evel P and has a neasured recejived power,_at the MN of RLl. The MN 1212 is
also r ecwilﬁéz Fawdda2) [I‘aﬁ timing of the tran‘s?mitted beacon signals can be such that time

20  designation t; occurs first , followed later by tp, followed later by t3, and then the cycle repeats,

e.g., periodically over time.

Figure 12 is an illustration 1200 of a exemplary three sector (A 1204,B 1206 ,C 1208)
cell 1202 employing three carrier frequencies (f1, f2, f3), each carrier using a distinct 1.25 MHz
25 BWin a5 MHz system. Carrier frequency f; is indicated by dotted lines in the legend in row
1220 and in cell 1202. Carrier frequency f; is indicated by dot/dash lines in the legend in row
1222 and in cell 1202. Carrier frequency f; is indicated by dashed lines in the legend in row
1224 and in cell 1202.

30 For example, the cell 1202 of Figure 12 may represent one of the cells in Figure 10. A
base station 1210 located at the center of the cell 1202 can transmit data signals, e.g., downlink
traffic channel signals and controls signals using three different carrier frequencies. Sector

transmitters use a different data signaling transmission power level for the same carrier in each



(BN2) 1216 from B sector BS transmtter, where the beacon signal (BN2) 1216
was transmtted wth power |evel P and has a neasured received power at the
MN of R2. The beacon signals 10 1214, 1216 shown in Figure 12 nmay correspond
to exenpl apy REHI6SI gnal s as described in Figure 1l.pdy/isdaben3ddd8 |ists
the data transm ssion power |evels (PlI, P2, P3) associated with each

carrier frequency in each sector of gge cell, where P1 > P2 > P3. First row

1220 corresponds to 15 carrier freqtency fl; second row 1222 corresponds to

carrier frequency f2; third row, 1224 corresponds to carrjer frequency f3.
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trangsi t t&tier fdtjubitytf])isecbn@ @bw M2 &Aesponds ® o@ﬁib@fk@ﬁ@c%wdﬁmowaﬂzgml ate
expected SNRs if the MN 1212 connects to a sector B BS transmtter. First
row 1236CoTFEPeRds &0 eagiiertiregnency da| Bt erlmpy 1236 roereerpndaisBP seaterdh pawer212

connect s;.\i.a.;: L&k, : ' : tr Lagd ng
expoct ed " ERRLSRAIER, siong 3PGRRE2R Roreagbhd 15 bitd iy GEUERR er ERRGHARS
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illustration 1200, frequency f; is represented by a dotted line, f, by a dot/dash line, and

20  frequency f3 by a dashed line.

Figure 12 also includes a comparison prediction table 1234 that may be used by the MN
1212 to calculate SNR in each sector (A 1204, B 1206) using each carrier and make predictions
as to what would happen is the MN 1212 connected and tuned to another carrier within the same
25  sector or to one of the carriers in the adjacent sectors. The MN 1212 knows the fixed
relationship that exists between Pj, P; and P3, obtains measured values for R; and R;, computes
the values of the table, uses the table to calculated expected SNR for each of the available
options, e.g., sector/carrier frequency combination available, and makes a decision regarding
hand-offs. For example in the Figure 12 example, the MN 1212 can predict a measure of the
30  expected received power levels for data downlink signaling for each of the three carriers for
sector A and for each of the three carriers for sector B using the equations shown. From those
values expected signal strength may be obtained, and by dividing by the expected interference

level the expected SNR may be calculated. First column 1242 lists the carrier used; second



In accordance with the invention, the MN may use different criteria to
decide to which sector/carrier frequency to be connect to the BS. For
exanple, some MNs may select to use the .0 connection with the best SNR

whi | e ot hewdves/mByi6sel ect to use an SNR that is accept abrmsioosouatpe MNs dat a
requi renents but not the best, e.g., leaving the better SNR for another M
that may require the higher level. _Jdm sone enbodi nents, sel ection decision
shal | consider traffic |oading requirements in the system In some
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i npl enent ed %ﬁ}\ %{Ohg&lng%@teﬁtg eai: ES&% gvtﬂg%a@sflﬁ sucﬁfga%bl%%ggl%{%éﬁ@og 89
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utilize acon signali ng features d nmet ho f i nventi when
avai | abl e Do g el vy e et e . Sty (et chones v elS el o
i ntra- seekpoh@ng@idsthitied power levels of the beacon signals being known to the MNs. In a

‘0 given sector, the beacon signal using the same carrier frequency as that used to transmit data at

p.‘

the intermediate data transmission power level, should have a beacon transmission power that is
more than the sum of the data transmission power using that carrier frequency. Similarly, in a
given sector, the beacon signal using the same carrier frequency as that used to transmit data at
the lower data transmission power level, should have a beacon transmission power that is more

!5 than the sum of the data transmission power using that carrier frequency.

In some embodiments, a fixed data transmission power relationship between the carriers
serving a sector exists and is known, for that sector by the MN. In some embodiments, the MN
retains or obtains information allowing the MN to determine absolute data transmission power

10 values from the relative data transmission relationships.



10 For purposes of explaining the invention it should be appreciated that
each cell includes at |east one sector and one base station. In sone
enbodi ments nulti-sector cells and base stations are used. Handoffs occur
bet ween seghobs @&qé or cells. In the case of nulti-sectgr 6Bbdsfzares Ntra-cell
s well as inter-ce handof fs may occur. In the case of nultiple carriers
within the 15 sane sector, intra- sec%?r handoffs nmay occur. Handoff's to a
sector of a cell involves transfers i nformati on, physical |ayer
S|gnaI|ng |nclud|n C deV|ce | D assi gnnment s for a_sectar, .and. ot her
signal i ng | ayakh gﬁlﬁwrbﬁ%m gregp] %m@mu@ﬁﬁmﬁ SYSter Wgh@aﬂfwﬁth ‘MQ% are
per for m&t\pyentmméfpgw n%kb%dsS hige RS&HRA (SdppliBath &hdrRombifnftandRf . Data
may be conmuni cated from one sector to anotﬁer Vi a comruni cations Ilnks
e.g., novystens stitdundwidkspasiitidned inté i ddferanp nimbes ofarder|siatkin, thogystemmt exi t
bet ween one or nore base stations and/or between the nodul es correspondi ng
to the sectors of a single base station. Figure 13 illustrates an exenplary
Wi reless conmuRbwaenbodings) wiiodsetuted of tdinefls bf the invexBoMmay Ve igplemerted!| |
11302, cell 2 1304, cell 3 1306, cell 4 1308, cell 5 1310), each_cell 25
i ndi cat evapagto £ 2 seFpfynications systen and 1ot dmplementeq immetber pany af the 3pvem.1 Boweh 1310)
represe t Atén. may14, 1316,
1318, 13 g‘cﬁégtr{éghgﬁ'ﬁ? eSS, ifpfe ﬁﬁféfgg é‘ﬁ‘&aﬁ ﬁﬁﬂlgl il(‘;blsoe %308,
1310), rle:ﬂgzedtel beedop. sigdalihg featafm ané mthgd ofjthe inention wbel &vailble in meklhg (1304,
1306, 13 1310 sectors B, and C. Cell 2 1304
el udesSReisies reapedes B Seckin fergP ol By EEbRaR 356 "Cel T 3 1306
i ncl uges sector A 1328, sector B 1330, and 30 sector C 1332. Cell 4 1308
i ncl udes sector A 1334, sector B 1336, and sector C 1338. Cells_ 1310
i ncl udes sect&r PAPesHOf explainiag th imvepsion ihshowld be appresiated that eagh celbincludes s
I ndi cat e 8 & s i ndicated
by a dot?é%%ﬂﬁfﬁﬁg&gggs g%ﬁmﬁﬁu egenghgf%g% cgﬁﬁﬁ@P féﬁ%n |B%ﬁed by a
dash | i neatams ateqised. iHaﬂde@fenctuiB@WeerEswctbrmﬂfar eellst rledwemwoffmulnma:tﬁﬂaﬂs 109916
PCT/ US2004/ 034295 i 5 associated with 25M1z .bandw di h segnent
of 't he. STRBSLGER ikt ater GoLhaneos SRROKHE T Csh RERBLEIS Grrigh B Epp: no.
The 1adidigmeQbctBR altraldobl Rhdodami aénur I0ind6Es ﬂ?&'éec{dr BEa ka8l invBNeSRirsiess &f t he
transmitter power associated wt he carrier in the given sector. 5 In the
first ceinformpaon, phyficablpger %thgamcmﬁlmssmt d@pcedpeaémg@zmmeforfarswme ped f1 at a

hi gh po b[pm 8% i c and
contr ol V\&her sré}éﬁé% faﬁ%ﬁ%exjaﬁérgsh% ghg&g Eef/‘og?ﬁ [ Onntf§1\glu{:%%‘¥?g €ss tyq&ém nal s
700. Carmodule(sy e tmfmécfoﬁ(s)ameolned inukelthndofff Dattmaydel cohidtthidated fratabae sector
communi ¢ aotalngtrﬂer via communications links, e.g., non-wireless links such as fiber optic or wire links,

20  that exit between one or more base stations and/or between the modules corresponding to the

sectors of a single base station.

Figure 13 illustrates an exemplary wireless communications system 1300 including five

exemplary cells (cell 1 1302, cell 2 1304, cell 3 1306, cell 4 1308, cell 5 1310), each cell

25  indicated by a solid line circle. Each cell (1302, 1304, 1306, 1308, 1310) represents the wireless
coverage area for a ll)ase station (1312, 1314, 1316, 1318, 1320) located at the center of the cell
(1302, 1304, 1306, 1308, 1310), respectively. Cell 1 1302 is a single sector cell. Each cell (1304,
1306, 1308, 1310) is subdivided into three sectors A, B, and C. Cell 2 1304 includes sector A
1322, sector B 1324, and sector C 1326. Cell 3 1306 includes sector A 1328, sector B 1330, and

30  sector C 1332, Cell 4 1308 includes sector A 1334, sector B 1336, and sector C 1338. Cell 5
1310 includes sector A 1340, sector B 1342, and sector C 1344, Carrier f; is indicated by a
dotted line as shown in legend 1390; carrier f; is indicated by a dot/dash line as shown in legend

1392; carrier f3 is indicated by a dash line as shown in legend 1394. Each cartier frequency fj,



10 In the second cell 1304, the base stations sector A transmtter uses
carrier frequency f1 at a high power |evel (arc) 1348 for communi cati ons,
e.g., downlink traffic and control channel signals, fromthe base station
1314 to Wy E&gﬁwt)gm nal s 700; the base station sect opcByushdo@dgfmdst t er uses
carrier fr (guency 1 at a high power level (arc) 1350 for data

communi cations; the base station sector Ctransmtter uses carrier
frequency f1 at a high power level @&rc 1352) for 15 data communi cati ons.
Carriers f2 and f3 are not used in second cell 1304 for

. , : . .lﬁgata
communi éafiigawocipted Witk a hMHg bandwidth gegmpang ofthie & MHz avalabledeial BW, and the
transm 1354 for
comuni t(?tgtel (% §Siﬁ@%ﬂ §{rera;) 1 ra?élﬁsc&tfﬁ dgﬁfgﬁr]g énélr?éﬁlfgi@%%lal s, from
t he basénditative ohh&&ﬁﬁsmlaen/pdv&k essecigted with shescard in tﬂaeglt¢a§ectgn ation sector B
transmtter uses carrier frequency f2 at a high power level (arc) 1356 for
data communi cations; the base station sector Ctransmtter uses carrier

freqyency f3npthe %rsh'c&llp 15@ee YaS/stition dfafidmiltdPiket Odrrieiadquehsy iru IEiph power. 25

In the fourth cell 1308, the base stations sector A transnitter uses carrier
f r equendsyef () U4thios communightionsvies- dovndink (affic andsgptrel sharnshignale AoMyile

e.g., d I t Nelele atl on
1318 to%\ivl\%.érsjt erslé 5?%&} &lrglP‘g Haﬂﬂ?o g%?g&?%glﬁ%ﬁ@s@%l %{dq@lg{ar%gggﬁlﬁtf?%r uses
carri er dataeqgmemnicafi@nsat a h| gher power level (arc) 1362, carrier f3 at an

i nternedi ate power level (arc) 1364, and carrier f1 at a | ow power |evel
(arc) 1366 for data 30 conmuni cations; the base station sector Ctransmtter

usesjgcarri er if heaudna ¥ell I3GH, Hibae PAORY secfor ACtkanbRfiéer usddtafiiE fle@ienty Ba@tiency
f1 at an internedi ate power level (arc) 1370 for data communi cations.

Carri er < high power feyeh(aec) 1348 {os communisyionsre.g, dogavink trafficeandgaptrel chanrel 1308 f or

data WO /10 gdq;nlmg O se ier f2 is not
used in Sgs%lgl? f%o%ﬁ%g)?g%éﬁﬁﬁ%o%%ﬁ@ ?‘T&%Z!’;% or t%g% i com%%lﬁcatl ons. In
the fi ftuhnsmttbr 1%3s16hméﬂfﬁedue;m fsitaﬂngimmtdvelr(aﬁ)ﬂﬁiomameomnmmammsr| er
frequen , at_ hi a 1372,. i nternedi ate 4, and
| ow (ar é%/ %"iﬁa FtoF tﬂﬂé&%&&ﬂ&ﬂ?ﬁ gquency;f1 at A ek, RO P &I b%ﬁ

dowrllsl nlﬁa{arcaﬁ]mlﬁmaﬂ&sce%e&lf Gt BRI nof 1203 Socohd &M 1304 fHARM St ation 1320 to
wireless termnals 700; th e base station sector B transmtter uses carrier

f r equencpmfrfupicaigs. fr) at a (high (arc) 1378, internediate (arc) 1380, |ow
(arc) 1382) power |evel, respectively, for conmmunications, e.g., downlink
traffic and control channel signals, fromthe base station 1320 10 to

Wi rel ess ter i thakiard/é¥l 1306 the bas stagddiseor A @@hamittes iisea o iet frejuentyedsat@ar ri er

frequen f3, 2
a %}/gh(power Ievel (arc% 1354 for communications, €.g., downlink traffic and control channel

U

20  signals, from the base station 1316 to wireless terminals 700; the base station sector B
transmitter uses carrier frequency fs at a high power level (arc) 1356 for data communications;
the base station sector C transmitter uses carrier frequency f3 at a high power level (arc) 1358 for

data communications.

25 In the fourth cell 1308, the base stations sector A transmitter uses carrier frequency f)
with at a high power level (arc) 1360 for communications, e.g., downlink traffic and control
channel signals, from the base station 1318 to wireless terminals 700; the base station sector B
transmitter uses carrier frequency f at a higher power level (arc) 1362, carrier f; at an
intermediate power level (arc) 1364, and carrier f; at a low power level (arc) 1366 for data

30 communications; the base station sector C transmitter uses carrier frequency f3 at high power
(arc) 1368, and carrier frequency f) at an intermediate power level (arc) 1370 for data

communications. Carriers f; and f3 are not used in sector A 1334 of the fourth cell 1308 for data



at a (high (arc) 1384, internediate (arc) 1386, low (arc) 1388) power |evel,
respectively, for data comunications, e.g., downlink traffic and control
channel signals, fromthe base station 1320 to wireless termnals 700.

Thus, in tye o6 059?%' 1310 there is full frequency reusgrndlodsdsszdd r st,
second and thlrd'ce | s (1302, 1304, 1306) there is a frequency reuse of 1/3
and in cell 2 904 15 there is a frecrléjency reuse rate sonewhere between 1/3
and 1. Figure 13 represents differe U-| evel s of frequency reuse throughout a
system and may represent a systemin an internediate |evel of deploynment in
accor danroBupymiqationfe Gages iy isget uspA én sepior 61338 pof thedourtheell 130 fardat: a regi on
where t ' ow nunber of custoners to support, 20 while the fifth cell
1310 nacceoﬁlg%dr@cggﬂés'a regi on where there are a high nunber of users to
support. Second, third and fourth cells may represent successively

I ncreasing | evel f rt.. Different sectors (1334, 13 133 f the
fourth cell i[gggsﬁfﬁveﬁég?@éé%pasa P?;‘%‘Féﬁ‘ftorr‘g AR f@&%ﬁ@?gf?%ﬂ?eﬂcé(gﬂr?%’ ng a
di ff ey ent,) 4t @B (aref 1372 intexbiBdialt(arcf 378! Altlbw €hrk) D376 powd thvels Q8spetively, for
differences in |l evels of deploynent in each sector of each cell ma

cor r es poifpuRicatignsa tiga Hownlink-raffe and contiplkchgensi signelpt frpmahe base station i/329as ed
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i nformation identif the base station transmtter's curren epl oynent

n
conf i gurdailoeh (E)dak ntermetion (enddBary (weLlAssypowerdevel mapsetiusty, fa s o

2005/ 1099 1B BT 1 psB g Ay BBt bl DL (UERAYghl, by bECGRETRT, (T
on the homiiziess eimiaxisF004Thus, Anthe $ ol E31Y there adal Stequericy paise. 1BGRe firsg | udi ng
5 showrtesteheeh edselt o0 08 bR  Femep oy O S gL S 308" 5,7

15 i 15l ugles iPa HERBhE)de@e AR sEREWRrabitwkPl3 YRd 1abl e 1500 that can be used to
eval uate base station depl oynent configuration broadcast signals in an

exenpl ary enbodi rent. W's 700 can store the information in table 1500 and

he i nf orgrat i ' ' I . Q. ' I
oe."To! ooy d7FEhEF bt BARATR g R5RL U BRI roBAIF e Py il 5
proper | yrepresent gsiysend fean\Mierrhe digié levelvsf H6)ymdnt irpddcordhbéOwitldl thetinehésn. hat

first colum_1504 0 includes informatjion on the transmtter sector
desi gnat réweaﬂg& WAY IPESEH @ 1e8PT Mhere Spse jsiddpy awmber of customers to support,

20  while the fifth cell 1310 may represent a region where there are a high number of users to

support. Second, third and fourth cells may represent successively increasing levels of support.
Different sectors (1334, 1336, 1338) of the fourth cell 1308 may represent different regions,
each region requiring a different level of user support. Alternatively or in addition, the
differences in levels of deployment in each sector of each cell may correspond to a gradual

25  infrastructure deployment program, e.g., based upon hardware delivery, funding, and/or
installation limitations. Alternatively, or in addition, the different levels of deployment in each
sector may depend upon the licensing agreements and/or frequencies available for the service

provider to use at the particular point in time.

30 In some embodiments of the present invention, the base station transmitters transmit
broadcast signals on a periodic basis, the broadcast signals including information identifying the
base station transmitter's current deployment configuration, Figure 14 is an exemplary drawing

1402 illustrating base station attachment point transmitter deployment configuration broadcast



I nformati on on the deploynent level cell status in ternms of cell type. A
first field in broadcast nessage 1408 can include the transmtter sector
designation, where: a value of O identifies a 1 sector cell that is not
partitionegoxgskuvigh uses a single transmtter, a val ugc@iis2doddodensifies a
sector Atransmtter, a value of 2 identifies a sector B transmtter, and a
value of 2 identifies a 5 sector C gjansnmtter. In this exanple, for the
pur poses of explanation, it is assuned that there a five distinct types of

depl oyed cells in the s S in_Fi gur 3.l C el d of
nmessage™ %é’niﬁhec‘fetrﬁcfgjsea’%y\f/%q%{?é u%ieeodnﬁ%ﬂ%og%se?ﬂbé A&e%éﬂ}%ggpgflé@g cel |
type, Wﬁigﬂﬁ 1a08inviating inforimlitivatidehtidyingedurrenf tringéttet d6Hoymentabnfigurdtion i ndi cat es
a cell of type 1304, a value of 2 indicates a cell of type 1306, a val ue of
3 i ndi c8ewsisshewn, which fepeats Restedically,ap 14831408 ¢thidi cates a cell of ,0
type 1310. The WI having stored carrier usage and power |evel information
associated with each sector of each potential cell types, uses the
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depl oynent _ type val ue broadcast. 0 Figure 16 includes a draw ng
of afot nshidexisfyrination ¢k trapsnnittes sectoGdmBignation and thasseagnd golumy 1§06 Inghndes base

station.depl nt. configur.ation dc 3 Si [ I
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i nf or makieggagé 0408wan GrARle tiRCRind@iittdd et clasi gnasivgvalleze: acvaflre, of Diigenmified 408, to
det er m ne tﬁe status of the WD 2005/109916_ PCT/ 11520041 034295 -32

cor r esp&%FATEEll B8t 1 mahraviianed apdiyhish ysrsre SReloFATSBRIE 4 YRlUaE L igentifies fow 1602
of tabl glGO0mardsHRRL! { Ve S Mbentitle b et &'&i‘@mﬂt&@“arﬂdrhc*}a!{féeo‘f)z' s i on on

the transmtter sector designation, (second, third, fourth) colum (1606,
16085 16 G marismdtes. Inthisremamplenfoo thetpurposksif oxplamatioh v isl assumeddhatgherom on

ier (f1, .f2. 13).1i f | | Lvel y. A fi field i
br oado e B bagtordrdioed et PRI MR SR MBS 10 Be ol om,
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which uses a single transmtter, a value of 1 identifies a sector A
t ransmi {ndisates 3 celhpligpot302, 2 Helne pf | ndicates aselbef tipe 1 iMs avelpept 2 BNisaies val ue of

3 ident b Sisty?e 139654 %ue%ftc?riﬁﬂi%%§ %9&[11‘ ofltg)etll"}bﬁ, aﬁﬁ%@ﬁilﬁzof hQhqit & Pisipgses of
expl anation, it s assuned that there re three distinct types carriers and
t hr é@ diyweildatd. PeWsl haeng kordadroatrdes usags irdipovas siebimfornmatibn gssoeiated with

each sector of each potential cell types, uses the broadcast message 1308 to determine the base

station sector transmitter deployment configuration.

Figure 15 also includes table 1550 which illustrates exemplary message field information

5 for broadcast messages from the various transmitters identified in exemplary system 1300. First

row 1552 identifies titles for each column. First column 1553 identifies the transmitter of Figure
1300; second column 1554 identifies the transmitter sector designation value broadcast; third

column 1556 identifies the deployment level cell type value broadcast.

0 Figure 16 includes a drawing of another exemplary look-up table 1600 that can be used
to evaluate base station deployment configuration broadcast signals in an exemplary
embodiment. WTs 700 can store the information in table 1600 and use the information to

process received broadcast signals, e.g., signal 1408, to determine the status of the



.0 13. The (second, third, fourth) field of nessage 1408 each includes a

val ue used to determ ne the deploynent level in terns of power |evel for
the corresponding carrier, where a 0 value indicates that that carrier is
not used, Vi 1 indicates the carrier is used at | evel , a
val ue of \goizﬁﬂéﬂﬁsg?és the carrier is used at an intermpﬁgsgwsg{%ggl evel, a
val ue of 3 indicates the carrier iﬁgused at a high power |evel. The WI uses
t he broadcast nessage 1408 to determine the base .5 station sector
transmtter depl oynent qonfiggration. Figure 16 also in %fde%gtig e 1650
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by that BS sector transmtter. Figure 17 1s a drawing 1700 il lustrating an
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SpaC.ijngsﬁfiorP&@torﬁhﬁﬂﬁﬁﬁerljcﬁgﬂo%&t@bﬁ b kiok800 il lustrating an exenplary

bandw dth partition includihg 3 5 Trequency bands each corresponding to a

different carrier in accordance with the present invention. Figure 18

par 141 oned Ti8frio FrsdRthdes e 100 ks S EHAR AR AR b
bandw dfdr brdaddad} mesagds fams teivatiew tinkihit@rsdaentifisd anekefplanbysteds 1300e@isncy (fl

1802, f2 1804, f3 1806). The bandw dth in each band (1808, 1810, 1812) is
partiti BedoIZifentifies Hilesdpr ¢ash salumpsFirst colypngdag idsytifies the transmitter of Figure

‘0 1300; second column 1654 identifies the transmitter sector designation value broadcast; (third,
fourth, fifth) column (1656, 1658, 1660) identifies the broadcast value corresponding to the

power level of deployment for each of the (f}, f5, f3) carrier as used by that BS sector transmitter.

1€

Figure 17 is a drawing 1700 illustrating an exemplary bandwidth partition into 3

5 frequency bands each corresponding to a different carrier in accordance with the present
invention. Figure 17 includes a horizontal axis 1701 illustrating frequency. The bandwidth is
partitioned into (band 1 bandwidth 1708, band 2 bandwidth 1710, band 3 bandwidth 1712), each
associated with a corresponding carrier frequency (f; 1702, f> 1704, f3 1706). The bandwidth in
each band (1708, 1710, 1712) is partitioned into a set of tones, as illustrated by exemplary tone

0 1714. Tone spacing 1716, equal to the width of one tone, exists between each of the successive
tones. In the example of Figure 17, each band has an equal number of tones, and there is no gap
between the successive bands. In this example, the tone spacing, between the highest tone of

band 1 1708 and the lowest tone of band 2 1710 is equal to a tone spacing of one; similarly the



10 exenpl ary tone 1814. Tone spacing 1816 within each band, is equal to the
wi dth of one tone and exists between each of the successive tones in the
band. In the exanple of Figure 18, each band has an equal nunber of tones,
and there | spaci ng gap 1818 between the succesgd whi ch
equal s thewﬁgﬁoeﬁg% &i ng width 1816. In this exanple, tﬁ"?ﬁﬁgs%‘é@?ggg? ng

bet ween the highest tone of band 11808 and the | owest tone of band 2 1810
is equal to a tone spacing of 15 two33-sinilarly, the tone spacing between

t he hi ghest tone of band 2 1810 and the | owest tone of band 3 1812 is equal
to a tonensjpacinggetvicen the highiesfuere of dands?2 47y aditiegloweggond aflbgnd AV hygisan

exenpl ar%aglﬂnd\{\,i dt ha‘ioart' tion including 3 frequency bands each

correspo AYCSPY RS BBt carrier in accordance with the present 20
invention. Figure 19 includes a horizontal axis 1901 illustrating frequency.
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Figure 20 is a drawing 2000 il lustrating exenplary OFDM signaling, e.g.,
downl i nkhighsistfend ofrlyzndg,i 18A8 and the dawestionwelchapd 2t18&0 ssaqualde pltone\spraingefi axi s
20024 e sent r i | . il j X|

2002, o045 Bl 54 s TR o ROl & RREZARD) e BPBie, e

successi badBdsl 2izdgas t2QGme spadty dfegbangl e corresponding to an OFDM 5
signaling during an OFDM synbol transm ssion tine interval. Vertical axis
2010 represents sector 2 OFDM signaling while horizontal axis 2004

Cuccossive ramhn s SRBhe 1000 RSNy KA LN Baky BbSapad o

si gnal i nigeqiemdyrigndseaCl-Dirfresporisiing tb raakifferers shmier ini aceordarice rwitl the peesdntcal axi s

201220 invention. Figure 19 includes a horizontal axis 1901 illustrating frequency. The bandwidth is
partitioned to include (band 1 bandwidth 1908, band 2 bandwidth 1910, band 3 bandwidth
1912), e_ach associated with a corresponding carrier frequency (f; 1902, f, 1904, f5 1906). The
bandwidth in each band (1908, 1910, 1912) is partitioned into a set of tones, as illustrated by
exemplary tone 1914. Tone spacing 1916 within each band, is equal to the width of one tone

25  and exists between each of the successive tones in the band. In the example of Figure 19, each
band has an equal number of tones, and there is a band spacing gap 1918 between the successive
bands which equals three times the tone spacing width 1916. In various embodiments, the band
spacing equals an interger multiple of the tone spacing 1916, e.g. 1 time, 2 times, 3 times, 4
times, etc., the tone spacing width. In this example, the tone spacing between the highest tone of

30  band 1 1908 and the lowest tone of band 2 1910 is equal to a tone spacing of four times width
1916; similarly, the tone spacing between the highest tone of band 2 1910 and the lowest tone of

band 3 1912 is equal to a tone spacing of four times width 1916.



represents sector 3 OFDM signaling while horizontal axis 2004" represents

time. Exenplary .0 successive sector 3 OFDM signals are shown as successive

rectangl es 2014, each rectangle corresponding to an OFDM signaling during

an OFDM sy o mssion time interval. The three tj 4, 2004
and 2004" g?)gzlo%stéu%gl ent. It can be observed in Figure Z%WU%at ﬁ%)
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sectors are shown by the ali gnrrent Justrated with dashed vertical Iines
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ordinary signaling. The ordinary signaling in different carrier bands is
transmtted |ffere ower, | ev | e.the beacon si | i In the
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Verti cakerminals. 2202 represents average power while

0 Figure 21 is a drawing 2100 illustrating an exemplary embodiment of base station sector
transmission power for different carriers used within the same sector of the same cell, in
accordance with the present invention. Vertical axis 2102 represents per tone power (same
sector of same cell) while horizontal axis 2104 represents frequency. Three frequency bands (f;
carrier band 2106, f; carrier band 2108, f; carrier band 2110) are used. In the f; carrier band

'3 2106 ordinary non-beacon signals 2112 are transmitted at a first power level, e.g., a low power
level P, and an f) beacon 2118 is transmitted at a beacon power level Pg. In the f; carrier band
2108 ordinary non-beacon signals 2114 are transmitted at a second power level, e.g., an
intermediate power level Py and an f; beacon 2120 is transmitted at a beacon power level Pg. In
the f3 carrier band 2110 ordinary non-beacon signals 2116 are transmitted at a third power level,

0 e.g., ahigh power level Py, and an f3 beacon 2122 is transmitted at a beacon power level Pg.

In some embodiments, the beacons signals are transmitted at different times than the

ordinary signaling. The beacons signals are transmitted relatively infrequently in comparison to



hori zontal axis 2204 represents frequency. Three frequency bands (f1 carrier
band 2206, f2 10 carrier band 2208, f3 carrier band 2210) are used. Bl ock
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P3 2222 the ofdinpry sigpaling: Jhe edipayyistaaalingdp dj Wsmﬁsfb%‘ﬂéiseﬂﬁném&t @ldelta 2224
bet ween Jrauel: 80%&\'1&‘(31.?%9: %xe%@co%%ﬁhﬁ%i‘ﬁ%e e Pimid! Uahasaal's k¥nsriifted & i s a
6dB del ta 2226 between power | evel 220 and power |evel P3 2222. 10

Fi gure ¥8 samepawel leyadsin shis mmxﬂarann@g@mnhrme\nﬁwst lsvel i thedicacqn sigisl en fie. g. |
a detail [ n al uat e

depl oymgglitop%gag S%?Erﬁlﬁ%dn% )hi‘#g{rhﬁgﬁ%gﬁﬁoﬁgsg% e£§% %{}%&gﬁé em such as the
one gn Figure 13. Broadcast signals from base statlon transrn'tters may be
received by the WL and processe a received nt cell type ?5
val ue obt ai nEBUEMS & 8 7R 22 1 ﬂH%ratla&%e&eBlp BpRmpR( at Qi St spstd
corresp t | udes

col um Eﬂeag%lﬂ%l&ﬁd&&ﬁaﬁg{%em?hg&% srl"gstg 4 gl(li)tpﬁ thé)é}m§gs E%tl% ?/{tﬁglst egeéﬁe{pif oyment

| evel cetdordayxp@wulathwr@snnt invention.c VerticalaikisiZ202 rapraseiits gvarage poswst wddeondi ng

i nformati on exa e.there ive disti,n L vpe f s

corresp RH‘FCH‘@&I afig E#@ repge%tst freqpengy. ?éﬁcf Ere%'f?g%ng“ﬁls g‘it 1§ '#%r ﬁ%’% %Zﬁg gj? her

enbadi mMeadisr bAd20es, EndarfietBagd 3210 afelstd. ; Blotly PEID rapresadescididr®andh cipals r ow
2304 corresponds to exerrpl ary cell 13025’%§:q third row 2306 corres onds to

cel | 1304ing gy peweleve! fawondosron sigpals RnstnitiRd) a pyerags Rowestssek i
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corresponds 0 exerrp h row o stored ta e 2300
provi di hgacbheigidls which araﬁmnmttadmﬂatemagd@oﬁleﬂlﬁﬁdwgm PBIddiI2004pD34it95 - 36

determne the transmtter u e identified ce e.d.,

For o off et B Ceue el Tigh PaYErJbtRD o 16n-hRkGen el WHihare harepg ﬁ&e%eatzs s a
dr awsng aoéra@b&;éﬁmaquzzgystem 2500, in accordance with the present
invention, Tllustrating that the exenplary base stations are connect ed by a

network, e.g., a backhaul network. The exenplary system 2500 includes cells

(2502, 2504, 1230 scr enbOdent 58S 95! SOWNKDTA 204 UGIIRh plverP200

level P; 2218 and power level P, 2220; smnlarly, there is a 6dB delta 2226 between power level
P, 2220 and power level P3 2222,

20
Figure 23 is an illustration of an exemplary WT stored look-up table (e.g., a detailed

representation) that may be used by the WT to evaluate deployment level cell type information
in an exemplary system such as the one in Figure 13. Broadcast signals from base station
transmitters may be received by the WT and processed, e.g., a received deployment cell type

!5 value obtained and compared to the table to look up and determine the corresponding cell and/or
sector information. First row 2302 includes column header information, the first column
identifying the deployment level cell type value and the second column including the
corresponding information. In this example there are five distinct types of cells corresponding
to the five type of cells shown in Figure 13. In other embodiments, different numbers of cell

0 types are possible. Second row 2304 corresponds to exemplary cell 1302 type; third row 2306
corresponds to cell 1304 type; fourth row 2308 corresponds to exemplary cell 1306 type; fifth
row 2310 corresponds to exemplary cell 1308 type; sixth row 2312 corresponds to exemplary
cell 1310 type. Each row of the stored table 2300 providing the WT with information to



I n exempl ary system 2500 each base station (2512, 2514, 2516, 2518, 2520) is
coupled via network link (2526, 2528, 2530, 2532, 2534), respectively, to
net wor k node 2522, e.g., a router. 10 Network node 2522 coupl es the network
node to t I and/or to other network nodes, ase

stati on, zgtlieg‘r?lvgeb(r?Ig honme agent nodes, etc. Net wor k Ilncm(%g‘g‘gﬁ“gSZB 2530,
2532, 2534) may be, e.g., fiber optic cables. System 2500 al so includes a
pIuraIity of WIs. Wrel ess terninaﬁ?‘ e.g., Ws 700 such as MNs, may nove

t hroughout the system and establish wireless links with the base station

sect or aleteoimfhe Ernpitier confignragon fetheidsntifias) cell gy indpEns of gvhihyeRY9Es Ys9 590,

2592, 2 r fl, carrier f2, and carrier f3) as (dotted.
| i nes, % éﬁas {I neg)O& éwégshed i nes), respectivel y. In each sector

and/or cell, usage of a carrier is indicated by the presence of a type of
i ne, andth relﬁsttjve strength is ndlc gsrﬂythe I stan of t@ellne
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operating a wireless termnal, "e.g., nobile node, to sel ect between carriers

based orbackhaslnsiwesl. Bheexsmplary systera 3300 inelodereelln@ 50D 2304390023983 0hk powver
t ransm ssi,on i Such
" et nodarocapet e pO AR, Bl dGORCRIE TN 0) 1R, SR SOpeRRE
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rel ati onshi etween the tran ower used for
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modulpe iNbri G nifle FEIMUViple¥HR hetwiorE fteRf tVinRrrdt BRASH! btueeﬁétw@ﬁ@nddes Jlelpe, W,
may cause a W to performthe steps illustrated in e net hod 2400

starts iathesbage smion, AAAwmvch hemy\Fgeng nodes tata | Netwark linkg (85%9&8@&53.9@233% 30

begi ns ut | yari QntL0. n evARgLPr ocess
of onal s e gby b WO orR IR, LBl D0 4RO e Epublid SENICIARSE; O3

fr equenqymb@dlg etghaNmeo $uchasNINs| fdy hmvathrdnfghmrtke SyistedCArtastabPsh wireleds a base
station, e. %k sector transmtter correspondl a_particular carrier
frequendiy1 Vb thy basastating scelor ptachmenis peints gsige | eé“’ "rk’éqp@r’@ﬁfﬁ)l\/l symbol

trangm ssion time WO 2005/ 109916 PCT/US2004/034295 -37 period and may
include a plurality of signal tones, each signal tone corresponding to a
different flLegeneds(3698/269Bc259¢) dlugtidté eeaeriot f1scag;na1 f,codpamients) avdotidlings,sed

bove, wband
er | odi CePisp e end ¢RBed IR oS meSetiecelenioigl, Fel SRR usi ng a
known pau@EatéEdiethe pheséitte GRY type of hife, aade rélhtivelteretlith isih@iohted BY HHelisiance

of the line, e.g., radius, from the base station.

20
Figure 24, which comprises the combination of Figures 24A and 24B, illustrates an

exemplary method of operating a wireless terminal, e.g., mobile node, to select between carriers
based on a received beacon signal and information about known downlink power transmission
level relationships between carriers in a cell or sector. Such a method is particularly well suited

25  to applications where multiple carriers are used in a cell or sector and there is a fixed known
power relationship, e.g., a power offset, between the transmission power used for the different
carriers when transmitting signals in a downlink. A control module in the WT memory, when
executed by a processor included in the WT, may cause a WT to perform the steps illustrated in
Fig. 24. The method 2400 starts in step 2402 in which a WT is initialized, e.g., powered up and

30 begins executing various control routines and begins to receive and process signals. e.g., OFDM
signals. In step 2404, the WT receives a signal in a frequency band that was transmitted by a
network attachment point of a base station, e.g., sector transmitter corresponding to a particular

carrier frequency. The signal may correspond to, e.g., a single OFDM symbol transmission time



5 used in a cell or sector. In addition, in various enbodi rents the base
station transmts cell and/or sector type information which can be used by
a wreless terminal to determne the cell configuration and/or carrier
frequenci ewomoas/ioadake. Operation proceeds from signal reepuyRsdsens2404 to
step 2406 wherein a tinme to 10 frequency signal conversion operation is
performed using, e.g., an FFT or DFF37-This produces a plurality of signal
conmponents corresponding to different frequencies, e.g., one signal
conponengeripg bnd Mag in¢hrid ai phurkhitg oﬁMgﬁz&‘ BOres teb¢ms1grbetcfne equeupoydlbganh different

corresponding to_the recei ved nal . fion procee rom step 2406 to
step 2 40SeARpRSY g elggta,dhféergnt&gn m@@?enél gﬁ scusg Merft g*b per tone,
si gnal eﬁh‘fx‘o‘é%aﬂcﬁm%{ﬁ@% Tme%ccma% Gﬁf‘sm@&eﬁn@ﬂnwﬁdhw f&f eadp known
ener gy neasurenen ni ques ng ap I |e to the particul ar signal tone
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per one ner, d.to a res 410 to
detersm n‘ége f“%‘?%é‘ 063?‘?%%%3 dcﬂﬁ?r} é%‘b%’r%’ e démﬁletﬁgjgtbas%l gn%l&alﬁgﬁlﬁ]tce eacon
si gnal s aidfor kot e ihReimatiotbwhith ca bedfded bymsmeleﬁ@tehhﬁml tolietepnine thel cellel  of
user data, e.g., text, video or v0|ce t he beacon signal conponent is easy
to |dentqmijgur¢%@az@/qrr~?ﬁ%@ﬁapweﬁeysefél &leral tines the aver age per tone
energy | evel used to conmuni cate non- beacon signals in the system |If
conponents which do not exceed the threshold, e.g., for user data and/or
ot her types @pmmmcebdﬁﬁnmmaighdmeqeivammm%@ewa!@%@%@wﬂieadmtsi gnal S,

oper roceeds from step n ste 2422 t e
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recei vedphRn ofBgﬂall dobpol@its edtredindiig to Qlfﬁrent ﬂsqafen@iaé Q. roneafgnaln some cases,
cell type and/or sector type information. type an sector type

i nf or mat gaspPon¢Ty peRfeptiesedin 6@@&%@@ withinsthe frewqy b\ﬁ’éﬁoﬂéw do the reqelgd 2422,

If a si g C con
signal i n 88&%&%%3% on r}ragéc{eoe.sciésb O{4g§§?1§&s g&%a{e%g%ﬁ%gSI%ﬁiﬁch can be
per f or necbmpon@a,reag | pdr todensighad pnergy')ls;imud This nﬁayehwbne ynyénet dfa plaekiywéd beacon

' t t d 2416,
basely orlNa iFiEY PGP O GeR P P rara - arepal ofe b ek

i nf or mats e@ingheuéurwle\ét@mbz Tﬁ&ﬁdr‘éi%ﬂal%&@@ﬁb@ e gles tonk/HiglalBddr@fisconveyed
by the beacon .,_a cell type, sector type, and/or a carrier

f r equencspmparedtio e%u@sheldol@ast@@ﬂ%@ tordietermpe 30s campOES! USRS U bRgoms - 38
correspo t step
S8oa PR, TG 3L LRt GBI RS, o 0BG R R rel 8,71

net wor k yser dula, efg adxt avdeveoitvoice pie bdsucmhmgﬂm coaparentis eagnaliddnefyn grlw ocess ed

was Eecelhl\_/ed %sed tQ access stored cell an /0{ sgctor .
shold may ¢ several times the average per tone energy level used to communicate non-

beacon signals in the system. If components which do not exceed the threshold, e.g., for user
data and/or other types of control information transmitted using non-beacon signals, operation
proceeds from step 2422. In step 2422 the received signal component is processed to recover
the information communicated on the received tone. The information may be, e.g., user data or,
25 in some cases, cell type and/or sector type information. Cell type and/or sector type information

is further processed in step 2424 when recovered in step 2422.

If a signal component is determined to correspond to a received beacon signal in step
2410, operation proceeds to steps 2414 and 2412 which can be performed in parallel. In step
30 2414 the frequency of the received beacon signal component, e.g., beacon tone, is determined.
Then, in step 2416, based on the frequency of the received beacon signal and, in some cases
information about previously received beacon signals, information conveyed by the beacon

signal , e.g., a cell type, sector type, and/or a carrier frequency to which the beacon signal



information and to retrieve information on the available carriers in the
sector and/or cell 5 corresponding to a received beacon signal. In step 2424
information on the relative power levels at which signals are transmtted
on differ ,&frs in the cell fromwhich the beaco ' ies received
Is al so rggbﬁégé@&ﬁ#he retrieved information is suppligg%P%&??g% 2418. In
step 2412 which can be perforned in parallel with step 2414, a link quality
estimate is 10 generated based on ¢ energy of the received beacon signal
conponent. (For exanple, Qual link carrier 1 = eneagy of beacon_si gnal

conponeriorgwnopdss o detsgmined sdprmasien is sppplied to ptak 24da nistep 2434.ithaecl IRy be a

sinpl e np; %e%to?ftypte%oﬁﬁﬁ{&% ontihe 16 ?rfég-iew&k hgini B‘Fat&él?rﬁngr?iffoﬂ{'@hicﬁ e, 1N

sonme enbodi nments 1t 1s the value gen€rated I n energy es on step 2408.
The | i nkbegeomlsigngl bedrsg proesgedwedsireceivedgs psedea scoesscst@nd cell/andddrsectod s suppl i ed
to step 2418 where it is used in 15 conbination with the infopr i on
obt ai nednf%ﬁiqé’tagg toplieve F’i‘fg’é:f“ﬁ'ﬁné’ﬁi@, avpilahle GREgTS 1 8§?‘i? gé))rg gener at ed
for one QresPohdinPtd\erectitéd beAbSn bt hin sEprRADE inf&@shtioR of heoRlatispdwer levels
conmuni cati ons connection in the sector or cell fromwhich the received and
det ect ecetiydithoignals gredranswitiedrasiffrent gamistsdn thepgB frosm whish dhie Yegeon signabt her
carriers SH oLl I ] At \x between carrier
signal s \;v%sc}{:%fe\%ggsggﬁﬁgfe@?% T}Fbgre@(;érgedélganp @&V\{g Silép%lg&?}%%?l??‘%}%ésti mate for a
second carrier can be generated froma link quality estimte correspondi ng
to afirst carrie ul tiplying the estimate b e ratjo qf the second
carrier pom&nF%Héfnyﬂ%{ﬁ&f‘rﬁi"%lgﬁrg’ga? W@Prat}m T’%R/éi?l‘l.(’éiﬁifﬂ“ &Fslt’é“iaei’isnk.
carri@®r gnerafed®hseliion Ifhéféi‘l'éfgty%f thelrebdivBRADe4dOR/siZndl dompan&it! @0k ¥xandpld, iQu4l kel i ty
for a link which can be established using athird 25 downlink carrier may be
gener at eerrfer 3 m anieegylof boacop sigaal comipanand exresponding tp icamkier Ll Theylinksuplitiit e of

the first_. rien by. malt] | i i . ' i t he
bover | e be RepTbe ekt Bt Bfrk) ik wislrpis bt elofoeiodl R £ ¥y |10
carrier sdue e@bbﬂiﬁienearig itteer valuet defiexated Rénetgy estimédiar saép D408pThe ﬁﬁld@rl]zﬂitpm step .
2418 via connecting node A 2420 to step 2422, In st 30 2422 the generate
link qualsipiedalup i JBpas|red caeey Jplug i lwaije«fwm@éi? %éprefliléq'a%iiey and/ or

cel I15 angdnbatHok with bRl Qﬁkf(ﬂ'&ﬁﬂnéﬂrérﬁ'%féiﬁi.the network attachment point
to which the individual Tink quality estinmates correspond. From step 2422

operation proceeds to step 2424 where the energy based link quality

esti mat es cornres j to.different netwo at tachnent points and/ or WO
5005 100016 HSRaBE, M Sl b Bl ard WEnIRIEK SR ERAES oRE SRR 1
best | i ndan bOpSdab eRsblish @ RophmRadsensiconibigh id4ESscdfoe becal froawhichrthend/ or

network attachnment point is selected based on the Iink quality estimates
gener at ggceiyedgad defected bepsersigpal epmpeneplasiginates; Jhg estimaegfor therphar carkiesshi ch

has dohe Bi phiedtediiflyithe/knbAldifove? relationship between carrier signals in the sector or cell.

For example, a link quality estimate for a second carrier can be generated from a link quality

estimate corresponding to a first carrier by multiplying the estimate by the ratio of the second
carrier power level to the first carrier power level (e.g., Qual of link carrier 2 = Qual link carrier
1 times (P2/P1) ). Similarly, a link quality for a link which can be established using a third

25  downlink carrier may be generated from the known power relationship and link quality estimate
of the first carrier by multiplying the first link quality estimate by the power level of the third

carrier to the first carrier (e.g., Qual link carrier 3 = Q link carrier 1 times (P3/P1) ).

Operation proceeds from step 2418 via connecting node A 2420 to step 2422, In step
30 2422 the generated link quality estimates(s) are stored along with carrier frequency and/or cell
and sector information used to indicate the network attachment point to which the individual
link quality estimates correspond. From step 2422 operation proceeds to step 2424 where the

energy based link quality estimates corresponding to different network attachment points and/or



sel ected. Operation then proceeds to step 2430 where a handoff is initiated
to the network 5 attachnent point corresponding to the selected link if the
network attachnment point is different fromthe one being used and vari ous

handof f crwigehisuedsie satisfied, e.g., the new | ink qualpdpyusedgmaeds t he
current link quality by a particular anmount. If a handoff to a new network

attachnment point is initiated in steg 2430, the receiver wll O adjust its
transm ssion power |evel as a function of the power difference between the

currently . used downl.ink. carrje . gn and the | rjer

si gnal ﬁ%rg&rs@{,e %ogg)aﬁeg\kp hdgp%rtbe B%?f 1@% ﬁ(h%e %}1083{’]%&8%?%!0?%6 %4230 \%e a{adj usting
a recei ¢agef kgL hedovieittdcBment pofe ik salectetl Basid bh i lirkaguatitystimatel generated
transm ssion power to be used. Thus, in such enbodinents,

) . [ : thqii %i le wll
change FROB QR5IOF FAOTSGRIYed Regean signases e the linkevhishuse thecHERgEATANTE Yl ed®unl i nk
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n step 2430, han isintiated if the selected
car r b er atavtimentrpoire pomelpondingtotbe selectadlinklifthn networinattachmentepoint iedifierenh at

currently being used by the WI or .if. t.he handoff .criterl [ n

ot o' S e Bk G bsay atd Vestbls Blndbtr bl AB0RR ear L " B oDk qliffiec | ng
node B 3ﬁo%gdsthgcm;;5ﬁnmj&]j@@ypmima@ﬁn@ﬁ@ link quality and the reception
of information will be perfornmed on an ongoi ng basis. Numerous variations

on the above described net hods and apparatus are possible. Sone exenplary

apparat us ang Jieh gl é’ﬁ]elv&l n&@o&%&éﬂ:ﬁ&ﬁg&ﬁ! i8 %i{(g#@@ﬁ{s@% SA00E g&gﬁgﬁgﬂp hel p

, 5 provi de exanpl es of how various elenents and/or stéps can be conbined in
ac c af dandjestudsttiangrhiesion poveantiévehas d functioniof site poxengifizrence httodemthatcuireidhyt i f i ed

by the nu al ..system (1), i hi s exanpl . 1s dire 0 a co i cati ons
oY st o SRR SR sy it b by BT ol ety S EEhy MR R GRS %0 Tl st
nul ti - segichmefig)ointaTHisanAAE 10 dBjbsting 8 €eived R@gdt powaciBvélukéd bystas imbileel |

including a plurality of sectors, sald first and second nulti-sector cells
bei ng pHyeamete the Hapsauesian pasver & bayed. o Thpssiaisuch embadiments tthe mebilewilk e |

i ncl ude ' ' | e ' ch.of a
plurali ? })}sﬁlggﬂ%:ﬁ? e eh{gplseg%tq égﬁﬁgfmgg?ﬂgeﬁh?ns# qég}el C?OVJéﬂ ﬁ%§?8%1§$$i§ 7 @Pequency
bei n§ uslexhge resaltifhg frotm svdichimg (VOO ASHOAOAHOMRGIE IpblsL004/ 034295 -40 of said
first cell and a second carrier being used in a second sector of said first
multi-sector cell, the first and second carrier frequencies being

different; antkiederse i matsk xa6RRAEdMhE bel &t @frict 8hd cokdipbitifSnawagcond base
station that uses said first and second carrier frequencies in a first

sect or a@ichmantpoie dothel same as thatsurrentlycheing usesceyibe AV Y oz ffghehandeff criteyiatater t her
include g, safsHE" 'Oi)gxtaltigxpﬁroceeds from step 2430 to step 2404 via connecting node B 2432,
‘0 Thus, the evaluation of the link quality and the reception of information will be performed on an

ongoing basis.

Numerous variations on the above described methods and apparatus are possible. Some
exemplary apparatus and methods will be described using numbered combinations to help
!5  provide examples of how various elements and/or steps can be combined in accordance with the

invention.

In a first exemplary embodiment identified by the numeral system (1) in this example ,
is direct to a communications system, comprising: a plurality of multi-sector cells, including a
0 first multi-sector cell and a second multi-sector cell, each multi-sector cell including a plurality
of sectors, said first and second multi-sector cells being physically adjacent cells, wherein said
first multi-sector cell includes a base station that uses a single carrier frequency in each of a

plurality of different sectors of said first cell, a first carrier frequency being used in a first sector



5 link between said first and second base stations, said comunications |ink
being a link inplenented using at |east one of a fiber optic cable and a
nmetal cable. In exenplary system (1) the plurality of nulti-sector cells
further cawg6dsiaga third nmulti-sector cell, said thipg@rRibésosssect or cell
i ncluding a base station which uses at |east said first and second carrier
frequencies in each of the sectors-40- said third cell which results an
exenpl ary enbodi nent (s). In the 10 exenplary enbodi nent (3) the base

station @fsaiddirst ckhlahdla B8tbhd cE86HRINgBEd infalketdhIsettE LS said fivkt Multicsettor &l
frequencg In each of said sectors of said third nulti-sector cell; and

wher ei n tae first and seponskaiine fregpangics being disterent;aad whereinssaidisecppemultizsectog el
frequenc 115 ' Ay, o rier

F 1 equonay ity IR ok R o SR el e AR A P D e L o
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15 freque bands. Al so.in ex | ar.y enbodi nent. (3) t.he, base.siation of

sai d 5te hﬁ}r@ﬁ#}yetep_sglgéggrand &eepd E%E S@éénsasq“ﬁ??n&m%ff%qoé? ilpfgaf}%ﬁwf(i n each of
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f r equencthe plirrlity e roplé-wetopeslls fsthoprparinelnde 3 thirweild-sedpr cdlb é@ﬁmﬂ% r
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the third carrier uency, secon an ency bands
bei ng nosaclhuktht sgmpirm gf $aidthird cely whivhdesuli§ art éxenpdarg embadinent(s).i Inchaidi ng a
pluraglity of_ uniforp spaced tones used to transmt s |s, the first and
ecoft  elalineybukngy BaRR g ShirpEa bl e R s aitidhe t one
spaci ng WiddrrRqhdhRy in kb o sREOHIald tREURRRY sdeRNd8ll; atll Wherdin £fiREdI ment
will be | abel eg en%;odl ment (5). In enbodiment (5) the integer nmultiple of

t he t onefrenperdyrhgnd srassnsigteswith sphfimpeartier fpgrency of seconbirefuensivrddaent 25 ( 3)
the inte . ' : [ ' ' I 5 $d

t r equoncy iTHL SR g oohd EorkBIEbaBbRG a0 Wi oo BhCH Ll W asBREAEGRR e

adj acentthird ogsiet flequancy, therfirit, fec@lendalirdfrepiendyrbandobeiny rersovenlappihg enbodi ment

5) said_int Itiple is 0, sajd firsg, d.and third f
bandls borReTa e chled 1w meEy SaNimen ) e e BHaR ok HBHL I SRt ment

(3) eachyQhn 8@ ihfrl tatier BERRAL, in38ch dfithiQeditsS BHEAG tildaREIs-BaYLcl; Bandw dt h
which is 2 Mz or less 30 and wherein the total bandw dth occupied by said 3

bands i Sfiratfragoencydamhegan prassasiatdd wishirsldineludas sewd|firstizarriee frequendy,taseeand

enbodi nent_ (9) . 2005/ 109916 PCT/ 1US2004/ 034295 . -41 Ln still other

Ver i onagptitiibat RN PR i AR S SEcaRg o Pk, b Mt i 11 e
at  a difidgemytbapd @ bd By®iatdd with aioihél8deseid thir@ CartieAfiedqiché g thd firs@s&ad O .
Once_such enbodinent will _be referred to as enbodi nent (10). In one version
of etfbodinddhird fraqyencyhands being newroyerlappiagfreqiency bands of the same size and

including a plurality of uniformly spaced tones used to transmit symbols, the first and second

frequency bands being separated by an integer multiple of the tone spacing within the first and
second frequency bands. Such an embodiment will be labeled embodiment (5). In embodiment
(5) the integer multiple of the tone spacing can be less than 10. In some versions of embodiment
25  (3) the integer multiple of the tone spacing is 1, said first and second frequency bands being
separated by the spacing between a single pair of adjacent tones in said first frequency band. In
some versions of embodiment (5) said integer multiple is 0, said first, second and third
frequency bands being contiguous frequency bands. In some other versions of embodiment (3)
each of said first, second, and third frequency bands have a bandwidth which is 2 MHz or less
30 and wherein the total bandwidth occupied by said 3 bands is at most 6 MHz. One such

embodiment will be referred to as embodiment (9).



of acell is transmtted at a different power |level fromany other carrier
transmtted in a sector. 5 Such an enbodinent will be referred to as

enbodi ment (11). In some versions of enbodinment (11) a fixed average power
differenc | i ned between carrier signals transmgdtedoiosod a
sector. Sﬁ%vp§gé1%e0%gdl ment will be referred to as err‘oogﬂ ment (12). In one
version of enbodi nent (12) the averf@ge power difference is at Ieast 3 dB.
I n anot her version of errbodi rrent (12) different power |levels are used for
t he sanme cartier ftL nc cen 10 sectors of a.cell, that tr nsrrits
mul tiple car &l %&?@%ﬁ@i &éem SATTIEG A eter of cellds tepimifipdat i ¢ i n
a cell l%lscﬁfférgﬂ @'@Plepél"i’?dm b Rdr cfu%r &Qﬁmﬁ?&iﬁn 9@5&6@ '0rcE 8AHNBOdirhdht FNE

ver si on of enb di ment ém each base station I ncludes neans for controlling
each séwetreferred toras nﬁiop enb(1fkrinede versioy of «pmbcsimanta(lwacacbwammusa $aRr at a
hi gh po sect or
"nto it ot HanBisBAR dTrerl vl ptRiorp Bhy SRMYaRE ATl DkllF

i ncl gdi r@clamsexgnﬁhmémtaﬂﬂrﬁetrmﬂe@mes embibdimentvmlh Theoe pedidhs bfaebmig)dahedteast 20
times the average power tongetransm SSj onh&ower in each_ carrier. Such an

embodi méhb Weﬁ%ﬁ@agmwﬂef renge SMEURBEET Rereen qasyier %@alsrfr@w%fl ibhs of
embodi MgRLo{ Kakh am&niawﬂlewmrbe@aeﬁ%%@ gmbbdnRht (18). AnRRRGORionPEINAl , beacon
signals corresponding to different carriers transm tted by a sector

t ransm tembodinipst (1g) theamenage peveer diffepensel istat teaastredB. kInamathgovgssion efel s. Such an

emboai maeofspe O2)HeRt B PR TR e rren BB MRS 1 o

at tive sa¢rersjpouvesll thaviednsinits niltipl€ Surfidrdrequeticlel| hﬂea%h seitbrsuch fhacho B Bbiors
enbodi ment will_ be referred to as enbodinment (17). In sone versions of

enbodi netithiy ayelbusehesame; poist lewel forthe same cagtiey TiegensHi cati ons  system

I ncl udes three sectors. In sone versions of enbodinent (1) each carrier
frequency has a bandwidth of at least 1 MHz associated with the carrier
frequency; aflomearesiored] emixeliment (Yteath Be ﬁaiun/mau&esoﬁeaap foreenmeltieg gach MHz.

Such an exe odi wll be referred t enbodi.ment (19). In one
version® g&%‘ﬁ‘@%{%ﬂéo gf gli%gwsg%arqagp g?‘@%ﬁ@ﬁ’@ hBO‘B%HﬁWTa’?% | ess

t hams2 Maﬂleaﬁ@acfmadcﬁﬂmmtsignm@m ®3kdckdfinth mmamsbctdmaaﬁﬁ&érl&ﬁ%ﬁs Sald _

PCTI1 US2004/ 034295 -42 I n sone versions of enbodi nent (3) each carrier in

the firamewpand;signalingfingpaignakirangmitie ovend taeg with tang@oysheeirbitdeast Ih sone
versi ong;l ¢ 0&;9%&??3%&%8 trffhiks gpr\%v&r in A A §9cﬂ£}lé§¢of&u£é;{t%u gector of

said 5 sec uses sal l'east two carrier equenci
t ransm trefesed © as ambbdimeht @§uenci es at

20 In some versions of embodiment (15) the high power narrowband signal is a beacon
signal, beacon signals corresponding to different carriers transmitted by a sector transmitter
being transmitted at predetermined known power levels. Such an embodiment will be referred
to as embodiment (16). In some versions of embodiment (16) beacon signals transmitted by a
transmitter are transmitted at the same power level for all carriers within a sector. Such an

25 embodiment will be referred to as embodiment (17).

In some versions of embodiment (3) each multi-sector cell in said communications
system includes three sectors. In some versions of embodiment (1) each carrier frequency has a
bandwidth of at least 1 MHz associated with the carrier frequency; and each cell uses a total
30  bandwidth of approximately 5 MHz. Such an exemplary embodiment will be referred to as
embodiment (19). In one version of embodiment (19) each carrier frequency has a bandwidth of

less than 2 MHz associated with the carrier frequency.



di fferent power |evels. Once such enbodinent is referred to as enbodi nent
(21). In sonme versions of enbodinment (21) said power level difference is at
| east 3 dB. In sonme versions of enbodinment (17) the base station in each
cel | incl udes2008/10bmast one 10 sector transmtter for epchus®ed@izef the
cell, each sector transmitter transmtting OFDM signals into the sector to
which the sector transmitter corresp#khds using one or nore carrier
frequencies wused in the sector into which the transmtter transmts the
OFDM si gnal s.Inkoms versioneofnthoslimént ybeadh oariér iq e fidvecedlyis tremnditied wsdrg | ncl udes
a single sector cell 15 | ocated adjacent at |east one of said first, second
and thi r%PPE‘E‘I“P??Iy?lPFesa&CrPQWSr'seCtor cell including a fourth base station
which is coupled to said first and second base stations and which uses a
single carrier frequency to transmt signals, said single carrier frequency
bei ng said filpseme versigneefsmbadiment K eackicstrion trawsmitiehiscraidefirst seetpr ofifeidsy st em

i ncludes a f . i t I . . Lacent _at sai d
fi rs'tjsfj ssgﬁ%nrﬁlgf 'é'g%vgn {E;qs%%sa?:‘g?tllgg,“ ﬁ@eé%ea?r%ﬁieggﬁeggﬁc it f“ﬁg‘: a ? ?ﬁ?‘%i}afg&base
stati on differetit posvee tewpls cOndecustaerdbddimedt iseftneed comkiingiemattd2i)ofissamd whi ch
uses a single _carrier freguepncy to trapsmt signalsg in each sector of the
fourth c%qrﬁl?nséléie’algg H’@Pteégé?aﬂ‘;]@/wer?"r‘@{ﬁ&Fﬁ?!}cedéF%ﬁasé§id@'fi rst frequency.

Anot her enbodi ment of a systeminplenmenting the present invention will now
be 25 described. This exenplary enbodiment will be referred to as enbodi ment

27. Enbodi mern s@me vérsions efearelndiment 4170 éherhass sationdn eaghsaclinglyudes gblieasy oBe f i r st

cel |l i ncl udi a.fir st at.i on e ] j 1 o d and
third sett %F gg%e‘fm tiée{if?]}efa??g%%mg é)ﬁﬂ,e cgll,‘é%ﬂ%hg{%gtoglfjr?ﬂk 3‘%@#&‘ %ﬁ%@é plﬁe)wafz&gguency
bei ng usigeh ty sed@ir o Which théx@s®r Bhilinitst coPespomizsing ond Eﬂmd iy f&q?c:hcfeis rst,
second and_ . third sectors, first, a secon n third carrier frequency
bei ng us&§d &g sectqrdato “Q%Hﬁatrw@@t{aﬂﬁw tg%gl)t'—‘ﬁlvg,Slg?“@éfpecti vely, to
transmt information, the first, second and third carrier frequencies being
different; and a second cell l|ocated adjacent said first cell, said second
cel | i ncl udi rig seme sessionsiofenshwdiment (Hrihe system; fortherintledesasingdd wctor eedt  base
statjon,; the second.cell ingluding founth.an i f.t h, i . rs,
o ol Secibele AEEON A Fiyort 3F i BRE srRbns 8P cehd Mlandliss R Kbl o
WO 2005/ bR base Ration pRQA44 B0 said Brss addket @tidriabe sthiidrisiaind avhéthaissddh sect ors.
In sone versions of enbodi nent, (27) the second base station _transmts

si gnal s ©agleeprtierdraquensy te Hansmt signalsy aigh sipglp qargigr freqeneeingspid Hirst 1 fth and
sixth s i j..§: ! i if i dnsectors.
Such an oy, 4L (bR Uy RUANS) BENToh e oTogRERu M 581

i npl enenlpedtedatgaceit at ldastaineofisaid £}, sedoad smtthird celis theFouttlatélbincludiag s dourth

S0 S 3l 0ich RGP ALoHLA kelid A SRR 1A B bl S Lld SHER e uQgRAT O 17!

carrier frequency to transmit signals in each sector of the fourth cell, said single carrier

%

frequency being said first frequency.

Another embodiment of a system implementing the present invention will now be

25  described. This exemplary embodiment will be referred to as embodiment 27. Embodiment 27
is directed to a communication system including a first cell including a first base station which
transmits into first, second and third sectors of said first cell, a single but different carrier
frequency being used by said first base station to transmit into each of said first, second and
third sectors, a first, a second and a third carrier frequency being used said first, second and

30  third sectors, respectively, to transmit information, the first, second and third carrier frequencies
being different; and a second cell located adjacent said first cell, said second cell including a
second base station that is coupled to said first base station, the second cell including fourth and

fifth, and sixth sectors, said second base station using the first carrier frequency being in each of



carrier frequency in each of the fourth, fifth and sixth sectors using
different average power |evels in each of said sectors for signals
transmtted using said second carrier frequency. Once such enbodiment wll

be ref erre\@ﬂgtzgosﬁﬁw?gb()d' ment (29). In sonme versions of mbm%# 29),
emodr

known as nt (30), the second base station transmts signhals using a
third carrier 10 frequency which is different fromsaid first and second
carrier frequencies in each of the tHurth, fifth and sixth sectors using
di fferent avera%Ijt power levels in each of said sectors for signals

t r ansni tsaisfoursh, didths andesixth secgpre dn sorae verrslenﬂ;tfrw;bodnmﬁnb(?@) thersscang base Ea3tioBdi ment
(30) whi tf; Bt s%t% %] At usar%tﬁé fj&g cahﬂc Srqﬁ IRRtor éh?éjf#ul‘?h ffifﬁlsatndfsfx?tg’sb%fb(fy band is

associ at'& €s sa| carrier y, a second
fr equeno;suigaﬁlﬂerem aasragep@tes tevelstiin emhcbf baid bectas Smmhchnseaﬂmdﬂnamwnll be 15

frequen and a rd fr ency band is associ.ated. wt I ncl ydes t he
third c fepgql CWS Figgent 'PJI ﬂ'f%f’%etlmpggjéﬁtﬁﬁm}fr?é F&%P?lﬂleflp@ggg’ﬁéfﬁoﬂggﬁs? bei ng
non er [ rg%{ﬁ f SRU¥RC diffeht k&R SEidGRE Vver si on
of e%od#ﬁg’ﬁtﬂ(g%%l) ref Ie}'ﬁ])réle][1 %?g&gg"gﬁn%ﬁg, mnty§%lg§lseacﬁ of the 20 first,

second aartier ffiieqeenty ivpsel ofthp fovardh, fih and sixth sectars Npipg diffesers GVerAgR POYSE e t han 2

MHz d I t f di

tr anen devati et o A5 il Bhaf AT Rhia (ctopg bARCCAERBG e
si xth seft@embotimeg wiilfbk esfernéd pawembbdineht(20) Iiesuele wisiows of eaodiadeat (29),n one
versi on of enbodi ment known_ as enbodi nent g t he second cell

transmi '@y 28 gRbpdment @9% Heasroqnd basrestation;ransmits W}S&SIQge“‘a 1A CHGEHE 1 he

four I faf tredRWEIES 1nf348h 8f thB fRAGD Of
sai dltsecto Elj{b ‘ﬂﬁglng dvmeé?esrlﬁgﬁhgéaﬁeﬁn%t)ﬂiﬂr%érﬁn (Cgﬁi)%f]trﬁ(gﬁdl f?er ence in the power

| evel s (ffﬁbmeh pectiirs uting diffiersat atiefdge pevier lpealisin chedvef] sgid seetarstfor sigeals i t

i 11 or ontonete 08 s i duRE Feorth, Jn e ERRAbS Kbt (48 AARE T38| ©

sector. rBferdlid &s eniboidivaint €9 afira fiéqesnoP BandEs hssodibe Wwithcint fnohgdes Stid fliseent
(36) is directed to a system which includes a plurality of cells, each cell
i ncl udi rigerer evealpy,taﬁeeqndsfaeapm bangsjs @ssorigied withyand dpcldss saidserond GRIFET a fi r st

cell I one
vo 2505/ TE5ERE BRUNSBEaRssbHE € Skl S ahfurkluie) Rchita SEpaTRAberk, 01T

| n sai d thé firstIse¢copd @hd thidd feequerey bandsibeing nnumbeﬂappmgcfmquemy bahdsafulnaimes i n

each sector and a second set of cells in said plurality of cells uses a

di f f er ert®® nunber of carries per sector, said different nunber being greater

than one, said cells in the second set of cells using nmultiple carrier

frequenci es per sector.
In at least one version of embodiment (31) referred to as embodiment (32) each of the

20  first, second and third frequency bands is at least 1 MHz wide but not more than 2 MHz wide.
In at least one version of embodiment (32) the second cell transmits the second carrier frequency

in each of the fourth, fifth, and sixth sectors using different power levels in each of said sectors.

In one version of embodiment (28), known as embodiment (34) the second cell transmits
25  the third carrier frequency in each of at least two of the fourth, fifth, and sixth sectors using
different power levels in each of said sectors. In one version of embodiment (34) the difference
in the power levels (P1>P2>P3 ) of the three different power levels used to transmit different
carriers in each sector of the second cell is the same despite different carriers being associated
with different power levels in each sector.
30
Still another exemplary embodiment, referred to as embodiment (36) is directed to a
system which includes a plurality of cells, each cell including a plurality of sectors, said plurality

of cells including a first cell, a second cell, and a third cell which are physically adjacent to one



5 In one version of system enbodi nent (36) referred to as enbodi ment (37)
each sector of a cell which transmts the nultiple carriers within the cell
using different power levels. In one such enbodi nent, each cell includes

t hree sect@ipS0eMdedtpere said different nunber is threepci/gsoéyo35pes exenpl ary
i npl enentation of the system described as enbodi nent (36), the systemis an
OFDM communi cati ons system and whergiyn sai d nunber of carriers used by cells
in said first set is one. Such an enbodi ment vviII be referred to as

nh f cell
' sai d prarchostoy RLRRGr LR At e R Pl AR p ok o Pl i s
each s e@fe@ﬁancfealrdeatch s¢otornaideesecdirdi sagoftcells inSuidiplaality@fibelll usend duﬂerelnef erred to

as enbodi nent (40). In one suc errbodl nt.at nost, 3 diffe arrl er
fr equenélil@?“aﬁféa”u%eéaer Sﬁ"tf’héa@ﬂ&f ngsrr?cg’tglgf?at%{ %?%{e s i

comuni ¢ath@BerBY 8418Ms Mﬁ@eemefeéq%ﬁ&&ﬁeps&&r enbodi ment 42, the

exenpl ary commruni cation systemincludes a plurality of cells, each cel l

i ncl 6ding three sectors, each of the three sectors using the sane set of
three differen Lrier fre ns hr ee
di fferent cai‘ﬁgrg’v Sr‘%lhﬁfSP{E‘e §i'r‘f§t{? %e??an %Esérg?%?nt(%@eagﬁ%eﬁ% a%se ond
carri er afceBGhehayansmils ﬁle&ﬁulﬂilﬂe eaﬁens emhfn"mq belnesing mﬁefcnspm@neuen an ?5

i ndi vidual cel] transmtting ?I ghal s usi ng{ the first carrier ‘m%uency at

di f f er el oBs/RCh gELAERERL 3B el $XhRsRmee seetaR a1 WhRE SRR 8 ol 5o
transm t4,Lng signals using the second carrier frequency at different
average power |evels, each sector in the individual cell also transmtting
si gnal s usi ng the third carrier frequency at different average power |evels

such that different vera [ are u for first,
second and t Nt % e&‘ﬁ?’lp ﬁ?@%ﬁ%ﬁné}é&e&?s d%ffr%ﬁ‘gﬁs ?Iﬂl&qc@?’ﬁtﬁg{%)cagl sai d
aver age spiRis dn@HbM@fnirﬁ@ﬁ@ﬂldhd’I@sfeﬁl and Wwheki Sdid EnbdIQIf Ugliies uded by wlle
synbol transm ssion tinme period WO 2005/ 109916 PCT/ US2004/ 034295 -45 |In

one ver 47 &#d Brst é%wenéﬁﬁh QIH??bOdFIB‘F@W]éée tederied teabeAborimeni @3} | each of a
plurality of at l|least three adjacent cells using the sane power |evels for
the first, second and third carriers in sectors oriented in the sane

di rééti on, dlﬁémmﬁioxp@mboﬂhnmﬁ@%aiﬂ@dsﬂeﬂcdlh inls4id plueality ebeeflonsesaf a cel |

for each .carrier._ln one such enbodi nen rre t0.as e nent (44), a
rrst s MUl ot ic Heotteks o SR8 oty s RS e S o SR, "ot 1 o1
f r equeneipbodinRats Refeiré EQUS BEYodaRet 46). In one such embodiment at most 3 different

carrier frequencies are used in the system.

20 In still another exemplary communication system embodiment, referred to as
embodiment 42, the exemplary communication system includes a plurality of cells, each cell
including three sectors, each of the three sectors using the same set of three different carrier
frequencies to transmit signals, the set of three different carrier frequencies including a first
carrier frequency, a second carrier frequency and a third carrier frequency, each sector in an

!5 individual cell transmitting signals using the first carrier frequency at different average power
levels, each sector in the individual cell also transmitting signals using the second carrier
frequency at different average power levels, each sector in the individual cell also transmitting
signals using the third carrier frequency at different average power levels such that different
average power levels are used for each of the first, second and third carriers in each sector of

30  each individual cell, said average power level corresponding to a time period including multiple

symbol transmission time periods.



associated wth and includes said second carrier frequency, and a third
frequency band is associated with and includes the third carrier frequency,
the first, second and third frequency bands being non-overlapping frequency
bands of t&;ﬁ X! 9?%1 I n one version of enbodi ment (A4)usesshs@dés said
first, seco 73R |rd frequency bands is at least 1 M4z w de but not nore
10 than 2 MHz vmde. I n one version OALS enbodi nent (42) referred to as

enbodi ment (46), each of said frequehicy bands includes a plurality of
uniformy spaced tones, the spacing between the first and second fre uency

bands bei ng amOReYeEHER omlquyn@lt §2)risried ecasrrgntod e D) ore o RIRFADERS;
first 15 Lﬁ:r?t M%@Q?’ja&ﬁp&lls 'uE‘ingEl{%t Qﬁé Mﬁéﬁé&ﬁ‘s fof th%’q}&dééESﬁ& arldRikd EddBerk ik St
second an rd trequency e cont1guous frequency bands, there
bei ng nosectmssmdntgdim the‘samedu&chen,tdmffmfmt pbwehevdls being umddn défemmdsa'cm&qazfe&my

bands. ast .on ersi pn of ..enbodi.ne 4 an. OFDM
comuni 68{1%@@82@%?3 \égeaﬂ%ﬁm@pcg{nﬁmt W:ger{ gtt‘&%‘ B‘éh%‘aﬁ“&?%%c g]&fﬁ% gaqlbeyc% ai d
firsts spa@RhsaRhddWiiidaddiRayeRcideRadarmict Sedi@ndR ateédhdTrequdvics barfd & ew
exenplary nethods will now be described with reference to nunbered nethod

enbodi nexsosiatadwignanddnelpsasspig seeond serienisetyenein and ¢ Bt reagency basd et hod
nbodi
oyt e hactatpd hiEang e (s 061el:3 oA REnGy uB S Pil AriRFIMBNERCY VS

coupl ed liandstﬂsmgmmeo\&ﬂqbpmglfrethqdmddd of thmsmnieesnzecdh lone vérsios pEemabadimentudi ng

a pluralj of r ent t of ceIIs udln type cell

i ncl udi neégfi/aeaf’}?? fal é?COB @Félf@q e&ﬁﬂ (leeqaisﬁ @%ﬁ%i’ﬁ"b"?%"é‘i riers,
and g seagiMeEPgigeel | using a second nunber of sectors and a second nunber
of carriers, either the first nunber of sectors being different fromthe
second 30 nunber of sectors or the second nunber of carriers being different
fromthe fir I ncl udes
operati ng thzl{i g%ggglg’ ’f%nﬁ&%ﬁl{"‘ﬁé&& r%(fgﬁéecgtg r%@%&%gaﬁ{ép?@'ﬁf%?éh ((()f%L 1(‘:1el ls in said
system t@eqpefrdycbdndsahélyddsraqﬂdamgtof asifdrml y yacédibnestrdieispacingbateleanahd fitsy mred

I nformati on being s ent for a blle ode to determ ne fromtgﬁ

transm t€ePdled Perwg? NG RL/ RGeS i‘B‘ & SRAFINEDEDREn tones Wity fon the
numbgy Olfreq%&gty@'aﬁd aRCnbiher véfﬂbﬁraf aﬁboaﬁﬁénlt €429 tHeSRe:, s&oﬁmncpmlrh ﬁfeqwﬁbw ch the

cel |~ type information was broadcast. In oné version of nethod émbodi nent
(1) ref drandgare goragun@tfrmemhaudmﬁme teing notunysaskgap betyyeen the taresofigheiftsdt i s a
cel l typedldentlfler cell type identifier corresponding to one of a
pIurallﬁ?'ngngpﬁﬂ%%§¥ Pee different cell type identifiers, said three
different cell type identifiers including a

In at least one version of embodiment (46) the system is an OFDM communications
20 system and wherein the total bandwidth occupied by said first, second and third frequency bands

is no more than 5 MHz.

A few exemplary methods will now be described with reference to numbered method

embodiments. In one exemplary method embodiment, referred to as method embodiment (1) the

25 method is directed to operating a communications system including a plurality of cells, each cell
including a base station coupled to the base station included in another cell, the system including
a plurality of different types of cells including a first type cell including a first number of sectors
and using a first number of carriers, and a second type cell using a second number of sectors and
a second number of carriers, either the first number of sectors being different from the second

30  number of sectors or the second number of carriers being different from the first number of
carriers, where method embodiment (1) includes operating the base station included in each of a
plurality of cells in said system to periodically broadcast cell type information, said cell type

information being sufficient for a mobile node to determine from the transmitted cell type



first cell type identifier, the first cell type identifier corresponding to
a cell including three sectors, each sector using the sanme carrier
frequency and a second cell type identifier, the second cell type
identifier ?,%&%mﬁdi ng to a cell including three sectgiBys6@mba8€Ct Or
using a di?’erent O carrier frequency. In one version of method enbodi nent
(2) referred to as nmet hod enbodi nenty(3) said plurality of different cel
type identifiers further includes a third cell type identifier, the third

cell type identifier corresponding tq a cell incl.udpn ree s r s;and
usi ng tﬁ‘i‘f«g’é‘mgﬁof‘hberwbeﬁﬁﬁsteft@ s afg tﬁ%ﬁ’&ﬁ’@ﬁ%'%‘?‘?ﬁus@géﬁh&% efslglio ‘P’%?%Eeh%&g Bt erent
cells. Itybeqﬁfohﬁmv@@mﬁ,aueisai ons of nethod enbodinent (3) the plurality of
different cell type identifiers further includes a fourth cell type
identifier, the fourth cell type identifier corresponding to a cell

i ncl udi 14 ' Mt W e

parti cu%?gﬁféﬁé%?%?ﬁﬁﬁﬁé%%ﬁgé n?% ergfng togig)s(z)r’re&?ﬁglgt Ebodi ment
(5) 6he inforndtiod is acelltgpesidentifier spidrogll yps édentifien conesponding|to opd of aplidalityaff t he

sanme type tg tra it t sane .cell . e jdentifier. .I.Ln aone .version of

met hod &hls8 it%%‘?‘?f% ECCBEY%?IHEE‘EFQ"B* ?féé ﬁ’%ﬁ"ffh%ef WSH?’AP&‘FG t@b"”t‘ﬂ@“%%% fiod

I ncl udesirgren %&:E Rnfitier] @8 Frst ¥l typa sRnsficcoRbpohdagteslcdiNinclating tebe t he first
type to periodically transmt said first cell type identifier. In one _such

enbodi nepatorsieaeh septoT HEing Hhe spme cydesiregyercytand g sedond sl typevigentigie thersgeang ns
| ocat ed | LS. . neni-odi.call & Sak: d
Lo o0 RSyl SR ASIRR, | BN BRErarLel sty Pfesscon

one®version o enbodi nment eferred to as
nmet hod eatiedireqehcy.8), the cell type information is a cell type identifier,
said cell type identifier corresponding to one of a plurality of 30 at
| east three different cell type identifiers, said three different cell type
i dent i f 1R bfe vdrbEK A8HhAd ébsdimeR! () feieRed PR HhdthdEEmbddh@edtiBY saicgﬂhdanﬁyme
identifier corresponding to a cell including three sectors and using three
di f f er ersifferent celbtype idsgtiBers further includesn third §d?typ@ ieatifier thedhistheellddpa s, and t he

met hod f.urt. [ ’ ] , ]
cor  espdliRinef s aGioH R b ¥ EciEinER Ry 1RBE PR Bl HIBRE A oy or s o
a cdlsl dfeqtidneict it ¢adh bf/saéd thoceadifftrentselln Idiaf feast atrhe sorsioagef methodmi ssi on power
| evel for ach the first, second and third carrier, signals. In one
ver si on EHPORBEAND) LHFURRHRE Gkt Rl et bRt e DO iohh ey
transm ti§&kigier ttfé%ﬁrﬁﬁ&ﬂ'l%é’iﬁeﬂt&ie? 8&¥e@ﬁoﬁldﬁfg t8a €8l lncﬁfdiﬂg*'t?netsgétbfjanﬁm%gtao
periodically transmt a narrow band high “power signal” into each of "three
di f f er ersinglercatyies frequedayids corresponding to each of the three different
carriers used by said a cell of the third type, said narrow band hi gh power
si gnal s bei ng

20 In one particular version of method embodiment (3) referred to as method embodiment (5) the

method includes, operating base stations in multiple cells of the same type to transmit the same

cell type identifier. In one version of method embodiment (5), referred to as method

embodiment (6) the method includes operating at least two base stations located in cells of the

first type to periodically transmit said first cell type identifier. In one such embodiment, the
35  method includes operating at least two base stations located in cells of the second type to

periodically transmit said second cell type identifier.

In one version of method embodiment (1) referred to as method embodiment (8), the cell type
information is a cell type identifier, said cell type identifier corresponding to one of a plurality of
30  atleast three different cell type identifiers, said three different cell type identifiers including a
third cell type identifier, the third cell type identifier corresponding to a cell including three
sectors and using three different carrier frequencies in each of said three different cells, and the

method further includes the step of operating sector transmitters corresponding to different



transmtted at predeterm ned frequencies. Such an enbodinment is referred to
as nethod enbodinent (9). In one such enbodi nent each of the narrow band
signals is a single tone 0 signal. In another version of method enbodi nent
(9) the nawoxonsdmodesi gnal transmitted by a sector tracnus20en03429s
transmtted into the sector with the sane power |evel for each of the three
different carrier signals. Another -4%enplary set of nethod enbodi nents is
directed to a nethod of operating a nobile 5 node. One exenplary nethod
enbodi n&ptors dfef Rl e thelthird pe Rl da0K ue iditieRBdvefahe ranstnissiorepdvedd levef fooper at i ng
a nobil e conmmunj cations device in a systemwhich uses nultiple carrier
frequen%qch§fﬂ\ﬁﬁ’é?tese€q’¥@%ﬁ%ﬁ%lslﬁé’é receiving a first beacon signal
corresponding to a first carrier frequency of a first sector of a first
cell; neasuring the energy in the received first beacon signal to generate
an est i heme vefsionte nmlwdlmgbodmeat (8) thetmetbodinpliudest dperasing ﬁmonttﬁaﬁmxtf&ﬁ be 0

established t aflr hnent point n first
car o1 or SRRty m A {8 & ALGRE B0 pBRicRny BahFEPR LR taBa AR, | 1" e
quality @ﬁeralgﬁarmweuaaéﬂ tBree diffepdat Floquenc@barnide cox@@pamlmghmicﬁ of the seeao nd

netvvork attachnment point in said first sector of sal(g first cell
corres p@#@?eﬁbc%ef&“%?é@d waidagel ok thethirdiyepspid napw iband highpoweesignals bsing he

first c f | rst received
beacon tgﬁgu{gsna eda#lgﬁkiﬁtgﬁm%m?dnﬁaﬁﬁg?%r#ugﬁgﬁ?ﬁg&gm???y%%ﬁe@ a%IH%é HcgPence bet ween
t he tr aembidmem(9pdwene sueh embodimengezah sf the aarsow ba@blgrmlssiaiadiﬁglertsne sect or
using the first and secon reie | es. 0 ver sl on met hod
enbodi n\?ﬁ’faﬁ %‘z‘)n‘)&?‘é]’ﬁﬁf’? ﬂg‘“ﬁ@f’%‘@ M qufltgf@? DR E%’b‘g %"%&P‘?%?‘tec{ Beduenci es
as a f ug&tdr@anﬁmttaﬂs gadshiiBdEinff thé BRtor Gl thd anRfpoin2e 16vel fof eAeBIBMHRItERE | ONS
link and the second comruni cations link. O In another version of nethod
enbodi neifferenpcarigrtsignalsd t o as net hod enbodi ment 14, the method further

i ncludes: receiving a second beacon signal transmtted by a network

attachnent point of a second sector, the second beacon signal corresponding
to a t hAnotheraxemplary seeoimethyd embatliingnts i dirett®] ROOMEHOE D1 GpPUiglUSAGEL/ 034295

-48-_second sector .and | the er. h re |ve econd_ beacon
ol B S ExTarAN melkR] sty e B as ot e A LA ARE B R ons
l'ink thgto ?aﬁnge nfbi18 Bbrhmigidatis Aedibt ;G sls}a&wkch ek aﬁmﬁr@émﬁ&l nt

correspon othe third carrier freq uenc¥m|n the second sector. 5 In one

Ver si onfr@ﬁuen@@m sthererhonrtedincludes tepeving eifise brapon signal gectespimdingde p fisti ng t he

qual i tycag{n ?h?ﬁs{r S QSk ol gﬁst B «%glgher%tethgéﬁ ?Qﬂn“tﬂ@% &Qec??xfs%a{:

net wor k p0|n In sai Sécon OF “corr espond I'ng
carri ersipad wmex;ate anfustilnate ©f thefduelityof a fieso nominanicitiond lmk that can be

0 established to a first network attachment point corresponding to the first carrier frequency in the

ourth

first sector of the first cell; and estimating the quality of a communications link that can be
established to a second network attachment point in said first sector of said first cell
corresponding to a second carrier frequency, which is different from the first carrier frequency,
based on the energy measured in the first received beacon signal and known information about a
5 fixed power difference between the transmission power level of signals transmitted in said first
sector using the first and second carrier frequencies. In one version of method embodiment (12)
selecting between the first and second carrier frequencies as a function of an estimate of the

quality of the first communications link and the second communications link.

In another version of method embodiment 12, referred to as method embodiment 14, the method
further includes: receiving a second beacon signal transmitted by a network attachment point of

a second sector, the second beacon signal corresponding to a third carrier frequency used by said



carrier frequency, based on the energy neasured in the second received
beacon signal and known information about a fixed power difference between
the transm ssion power |evel of 10 signals transmtted in said second sector
usi ng the %vgﬂfoﬁg/ﬁ sfourth carrier frequencies. This epdRGIRMB40s referred
to as nethod enbodi nent (15). In one version of nethod enbodi nent 15,
referred to as nethod enbodi nent (16% the method further includes selecting
one of the first, second, third, and $ourth carrier frequenci es and 15
establ i shing a communi cations |link with the corresponding one of the first,
second, teRondpectanand measuring the enpsexinhe mweeinechteconsi heaeon dgnahtorgeasmicd of an
estimate ﬂ&g{@ DY RVAPTO\ R | . : LI Qthir

conmuni ciasta |£ﬂ(%l{rlets.6;f I'in sajl {yl oﬁ%oﬂ%@%ééﬁg{itgﬁatlg??gﬁgﬁata%h 2’ hﬁ%&‘.’lﬁ%ﬁﬁ‘% i,co at Flelglt&m%ne of
t he fi r sittaainders @oimhcorceaporiding tb thecthizd cirger frqueiny is dhescemdaectbrast one of the
third and fourth carrier frequencies. 20 In another version of nethod
enbodi nent (15) said first and second sectors are located in the first

cel | .5 | NinSdnk WersRAQF Rfkhcardamdizmmt 10 thaméthed f@tHee dichRIeS estitbling Bieduagy@nd
sector is located in a second cell which is different fromsaid first cell

i n whi cha eenugugications Hal thet cande egfablishe toafoysth agiworkattaphapent poipt inssaish of
exenpl ar ' : | (20) the
nobi | e c%%%% ?‘gﬁg& evil Ctg%i?%r}hé%ﬁéféé F&%@gﬁ%ﬁ%%%ﬁ&%ﬁhu [ ndg

i nf or mat ¢caprerdizquéncylj bakext enthe esergy measuresldnl theisedund recetvel Ibeaod signel amdt hod
further jncludes receivin prior .. receiving,said first beaco Ignal, a
(T st celtonnBrmircanop) * Gregipamer SFreHe daroM the CHASOHS FHROWEG PV f | 1 5t
cel | 16 Y p@ghanctmdinfifedih S0akecdndscefr dsifif Melird Ad0oomt t@Retrddueicedt Thay rier 30
frequenci es which are used in said first cell. In one version of exenplary
met hod (@ohodiment ds sfeergd de py methpbembadimemii1Dn further includes information

i ndicating the relative power difference at which signals on different WO
2005/ 109916 PCT/ US2004/ 034295 -49 carriers are transmtted within the first
cel | andintdne vemsionad nietirddeaibodimmant 15 ecfeitkat ragimethod einbodimenk €16) eeanatiest] f i r St

cell type indicator signal and said stored info tion the relative power
differ EnghedB u@v Sflﬁ%‘g&ﬁnfe@gg\?ﬁ’dﬁtni‘jcﬁ‘f@n %&Pkar&f@{ﬁhmw PRRCIESENEr ansni t
Si gN§Y S eEBLEIRR, ugﬁ&gﬁggifcgaggﬁnﬁ Mtﬁ%h@d&ﬁe?ﬁ%ﬁ@iﬁ oR&bf the Firdt ! REGHRAINGI@Sandn t he

first sector. odinment is referred to as nethod enbodi nent (21).
| n one sipynh aetyork attsghmentipeints, asa fupetian afgn egtimgate gf e quality of thelfirst, sepor@not her

version t(Per,%a‘lEi Q&H‘thec[g%%gﬁrﬁga@i%ns( I}rﬁ()s ' &Ieevrefs‘ia’cgl $t%uPard n%l;]o%gmgn@é% (iléarsrte orhte o(° 23)

the first and second carrier frequencies is the same as at least one of the third and fourth carrier

frequencies.
20
In another version of method embodiment (15) said first and second sectors are located
in the first cell. In still another embodiment of method embodiment (15) said second sector is
located in a second cell which is different from said first cell in which said first sector is located.
25 In one particular version of exemplary method embodiment (15) referred to as method

embodiment (20) the mobile communications device stores cell type information including
information about different carriers used within a cell and the method further includes receiving,
prior to receiving said first beacon signal, a first cell type indicator signal, and determining from
the received first cell type indicator signal and said stored information different carrier

30 frequencies which are used in said first cell.

In one version of exemplary method (20) the stored cell type information further

includes information indicating the relative power difference at which signals on different



t he nobi |l e conmuni cati ons device stores cell sector type information
including information .0 about different carriers used with a sector and the
relative transition power |evel used for each of said different carriers,

t he met hodwiauzebdimeeieonpri si ng recei ving, prior to recei veTgsHadi/adafosr st
beacon signal, a first sector type indicator signal, and determ ning from
the received first sector type indi@ator signal and said stored information
different carrier frequencies which are used in said first sector. .5 In
one ver shfisrsie tiaistitcbdaviiton thgeirit céRand tHehBethbdfvetles@bipised dapaminihgfromt i on
further incl,uegﬁs i nformat i.on indicatin e.relative r difference at

th po
whi ch silrfasedvegiirgice @W@ﬁ?&ca&%&%ﬂé@d& StorethiFArpEen WeCRHARVERRYSF i rst
sector, dﬁﬁﬁ'er{c@ﬁséﬁﬁ}yhﬂéjcéﬂé%ﬁ&ﬁing'd%%dfﬂﬁﬁacﬂﬁfegf HSHiﬁl'tE'&aﬁsﬁﬁf@i 4 received first
sector type indicator signal and said store nformation The relative power
10 di f f epeespendingte thyfisshandsecondsgronietifrequensieadan thedirstsettarifucheint to transmit

signal s or.respondi ng, to the first.and d carriern fre [of in.the

i o8 cempRineaS e bty ngfed fha gy OFF o o ! FironbRAREBRE el 25

I n one wvemglexactof celiet hod enbodi ment 24, the first cell is a multi-sector
cell in which different power |evels are used by network attachment points
in the sector to transmt signals. The above enbodi nents are only intended
to be exenpl i i i 4! ; above
number e enbi e L R (1 e e D e
met hods tiemotijepamatumicatibns: derice 30rgs celt sastoritypedmforroationdngudipp iriforapitiont o a wi de

range of ¢ ni cati.ons systens incl udin non- OF and/oy.n cel | ul ar
syst'ens .ab‘?)%%%‘f 14587 é‘s%ﬂtﬁgﬁﬁfﬁ%ﬂﬁé gf églag\?eg%anrswog &P ?Nglﬂ% Veg Hﬁ%%ﬁ“ﬁg%z‘ S £ nodes
descr i begidlagfeénd catiers] b nesmyd! faahdd SomPridnereddi vilp] Srior® ehebi®glsaidstt or m t he
steps correspondi ngjéto one or nore nethods of the present invention, for

exanpl e beasop signalpt Sisd sestordyphisdicaiqr garnbrangd determipingfem Hsrrecai Yeddirstpiesosn
Measur i Rehe i£AORGS 1R e eh Chrii PR ALY fed3pe
enbodi né”tcsf&garl o%ﬁ?aengt%gr es r%?ﬁ?‘??'é“gr e@ent 5%%1% on ar erﬁ‘??rr?)rflelrrent ed

usi ng noadifies secBuch nodul es may be inpl enmented using software, hardware or
a cqggi nati on of software and hardware. Many of the above descri bed nethods
or thod steps can be inplenented using machi ne executabl e instructions,

suc _h as soft W&,versidiﬁdfuﬂﬁﬂqd dBbdiFB&h '(m, theaera |s@ct6iﬂ9b&ﬁifc§ﬂﬁho@ﬁ1r@eﬂ’re nory
devi ce, .0., RAM floppy disk, etc. to _control a machine, delﬂ:g ,tgeneral
eren

€. 9., floppy . . .mac
pur pos e ichidesindermatiomingicating the telatiig Poweodifferenes awehich sigrals on

carriers are transmitted within the first sector, and the method further includes determining from

the received first sector type indicator signal and said stored information the relative power

0 difference used by the corresponding network attachment point to transmit signals
corresponding to the first and second carrier frequencies in the first sector. Such an
embodiment is referred to as method embodiment (24). In one version of method embodiment
24, the first cell is a multi-sector cell in which different power levels are used by network

attachment points in the sector to transmit signals.

The above embodiments are only intended to be exemplary and the invention is not to be

limited solely to the above numbered embodiments.

While described in the context of an OFDM system, the methods and apparatus of the
30  present invention, are applicable to a wide range of communications systems including many

non-OFDM and/or non-cellular systems.



10 inplenment all or portions of the above described nethods, e.g., in one or
nore nodes. Accordingly, anong other things, the present invention is
directed to a nachi ne-readabl e nediumincluding nmachi ne execut abl e

i nstructi oRg) hee6AKSi Ng a machine, e.g., processor antpcPRe$HaeBIRE
hardware, to per#orn1one or nore of the steps of the above-descri bed

met hod(s). 15 Nunerous additional égatlons on the nethods and apparatus of
the present invention described above will be apparent to those skilled in
the art in view of the above description of the inventiaon. Such variations

are to be coﬂgWﬂ@FQ&HWP@¥W$ﬂ%W%k%@%%ﬂm6ﬁmﬁﬁﬁn?HW@WPPHﬁ USERGONGRIHIBs and
appar at t re,
pp Uﬁﬂ&lﬁes tQ%er?c; Bitef {%ﬁfae%@g,n gwoﬁ)eeonﬁ&éni o\ﬂ%f e qmeﬂﬁaﬁ od

used wit ort hogon division multiplexing (OFDV), and/ or
vari ous exahpte, slglppéprooéssﬁ@ b&amgamatlomrbsaaoedhtecmmbeamn cieasminghevnneationt o

provi de wirel.ess co nlcatlon bet e S. No an nobhi |l e
odes. (PGS OBR HEh Lob pRe s T sed o Pl PR et
st at i pnsinwtieh aRSinplinenRdasi jdaRk. Sih dm»crmm nidytte ifiplinedtddadg sutwag, OFDM
and/ or CDVA. | n various, enbodi nents the nobile nodes_are_ inplenmented as

not ebookharéwaip 0f eambipation of spftware andlkasdwargnMany pti&@)abowr df'é‘ErH@Fi methadsBr e
devi ces h&?bd‘@lkﬁl&a@ Be | r&@%&ﬁﬁé hdi ﬁl%Jﬁﬁeeé e%éelﬁé’intsﬁu&ﬁ)qs Qe & PRAARS

routines I'mpl enenting t present invention. 51 THE
CLAI M5 Dﬁﬂhﬂ&d\imaﬁﬂﬁhﬂnhh@ﬂiblmemmﬁam deVicefe.go RAMI fth}ppydmk ¢tet hod

i ncludin er.i odi cal ly broad astln a_cel ntifier . from a, base
stat | on Firobidlatracie.ds, ERER BiphttatpHG: b bEFEhPR OB PR <} ypes o
cel IR sigiglerficat hll bitiord@f thef dbble &@bﬁlﬁd%&ﬁl&l& &g, PinWwha ok kdordodesli f f er ent

val ues, a nobile node being able to determne fromthe transmtted cell type

i dent i f i Aecordingly.amengothsr thingst be presens inveptiqnis direqted torateachineeadadle carriers
d
coct or o PEuGhclugiffiadife HUERBe Haurdofls ff Pl SmbHift, L3, pRREXDEMA!

nunber s astociaed hadvsargao perfatroonetdranmoraofthesteps of mhesﬂ:odedeeidnbedﬁlemod@) base

station including: neans for periodically broadcasting a cell type
identifier, said base station being located in a cell of a systemi ncl uding

a pI allty different types, of cells id. cell e identifier. being one
pI ural i Vn%?“scﬁdg‘ﬁlé?%l @Arigtigng o8 theén%?ﬂa sjagd ﬁPRPéatB%ﬁErfBe BISPEO {YCRfife [ i ne

f r om t heqdsérfaa %6%%11%' E pdrii %o thesd ARl tHartlif %1eWJ<5’f’QHé abtive %@&ngﬁén gsed in

the cell, the nunber of Carriers used in the cell, and the er of said
carri er sthegwention. iSnch variatiahs are tot e consifleredhwithinl the scape pEthstinveotien. Biel s in slid

system ul%étﬂgds and apparatus of the present invention may be, and in various embodiments are, used

with CDMA, orthogonal frequency division multiplexing (OFDM), and/or various other types of

20  communications techniques which may be used to provide wireless communications links
between access nodes and mobile nodes. In some embodiments the access nodes are
implemented as base stations which establish communications links with mobile nodes using
OFDM and/or CDMA. In various embodiments the mobile nodes are implemented as notebook
computers, personal data assistants (PDAs), or other portable devices including

25  receiver/transmitter circuits and logic and/or routines, for implementing the methods of the

present invention.



di fferent nunbers of carriers per sector than are used in said cell. 3. A
conput er readabl e nedi um enbodyi ng nmachi ne executabl e instructions for
controlling a 20 base station to: periodically broadcast a cell type
identifier, said base station being located in a cell of a systemincluding
a plurality of different types of cells, said cell type identifier being one
of a plurality ofdifferent values, a m)blle node being able to determ ne
fromthe transmtted cell type i dentifier the nunber of sectors used in the
cell, the nunber of carriers used in the cell, and the 25 nunber of said
carriers usgfk drniMIBEEiNINGITHEERVERSIOBf AREhES E@Llowst | east some cells in said
systemusing different nunbers of carriers per sector than are used in said
cell. 4. A base station including: a processor configured to: 30

peri odi cal ly breadsastitaignsaneted inclbdigge i dentifier from said base station,

sai d base statign. . [ aplurallty
of different tyBerlo 18?'@%’ a{’cg&%é?ged [Jcb fdlerﬁﬁL i d%?ﬁssl}é? %@Eﬂa cagjlfggysgﬁe of

plural ity ohcltdﬁnfgfaemmbf off differers types afredhls.Isad W@dxpcbfé?‘rfgf t&b’lgé"@c‘{fa(ﬂgf"é‘ﬁﬁf ne from
the transm rﬁtg lkmtoytﬁ%o&e%%ﬂgh&é Gﬁetgrﬂﬁxe%mrtrammtﬁeﬁéllqy& idtR@r e t he
cell, the nunber o carriers us he cell, and the nunher of sai d
carriers uswohbirefdepiers yied inghe @éé‘!@ﬂ@b%f’“@ﬁ‘éfségp In thegell aadybe nuleefeald | s i n 35

sai d SYSter@aHéﬂs@&d@HMﬂ&ﬁﬂ&ct@r’s‘ﬁhﬁ‘é&uQfleﬁﬁsroﬁnb%@m@aa sBRMlehg dileenare used in
said cell. A base station includin a nodul e for periodically

br oadcast i H‘g‘maef%‘é’lciimf@b"és‘i“ﬂ’éﬁﬁ’l ¥¢ wpd ipsaheelai d base station, said base
stationggeing |located in a cell of a systemincluding a pl ural ity of

di fferent ggpes of cells, S idcell type identifier being one of a
plurality di PBiShRIoVAT {48 2 nobile node being able to deternine 5 from
t he transm tt ed mealslforpyripdiciltydntadchstiog a teh eype idabidier, sfid teerctagersbeing dndatpdin e he cel |,

the number {l/?tcﬁsg{!én?{ﬁa du’rﬁsaepg.fr&l%&flaﬁ %Ftltgl/pves &t sgﬁ cQH?R%enﬁ’fﬁer B@deghnb@r riers

used in indi sec ors I'east some cells in said system
usi ng di ffeawénmhtmfr#ﬁ@restV@hm%ampmksﬂgde[bevs@t@d@ determing fiora e Uersedied s19RF d cel | .

6. A Comnh&ﬁﬁér%%uxﬁiﬁ? baei@sused iakHard, lh@nmb%#Jncimerwsla@tnamcuala.kmeas herein
described with 10 reference to .the acconp i ng draw ngs. A base station

as cl ai med TAPEER{H T pise ey %i‘lallf'fl"‘%{é"fﬂ&r“é' A 'EFé‘sSS'F‘f AR mRHE BYSEREEPence to
t he accomafiyydnnghnBedwf Agises pdrlcdlbr thAn GO MRUINGEId Eladabl e medi um as clained in
claim 3, substantially as herein described with reference to the
acconpanyi ng drawi ngs. 9. A base station as clainmed in claim4,

substanti ally a#% depeérmeadebironddivecmhpdying meéhénegrrsesatiioingtiyetions for controlling a

20 base station to:
periodically broadcast a cell type identifier, said base station being located in a cell of a
system including a plurality of different types of cells, said cell type identifier being one of a
plurality of different values, a mobile node being able to determine from the transmitted cell type
identifier the number of sectors used in the cell, the number of carricrs used in the cell, and the
25  number of said carriers used in individual sectors of the cell, at least some cells in said system using

different numbers of carriers per sector than are used in said cell.

4, A base station including:
a processor configured to:

30 periodically broadcasting a cell type identifier from said base station, said base station being
located in a ceil of a system including a plurality of different types of cells, said cell type identifier
being one of a plurality of different values, a mobiie node being able to determine from the
transmitted cell type identifier the number of sectors used in the cell, the number of carriers used in
the cell, and the number of said carriers used in individual sectors of the cell, at least some cells in

35 said system using different numbers of carriers per sector than are used in said cell.



acconpanyi ng drawi ngs. 20 10. A base station as clainmed in claimb5,
substantially as herein described with reference to the acconpanying

drawi ngs. 11. A communi cations nmethod substantially as herein described with
reference to any one of the 25 enbodinents of the invention illustrated in
t he acconpanying drawi ngs. 12. A base station substantially as herein
described with reference to any one of the enbodinents of the invention
illustrated in the acconpanying drawi ngs. 30 13. A conputer readable nedi um
substantially as herein described with reference to any one of the
embodi nent s of LRGIDYENEdRRg! | | ustrated in the acconpanying drawi ngs.

a module for pericdically broadcasting a cell type identifier from said base station, said base
station being located in a cell of a system including a plurality of different types of cells, said cell
type identifier being one of a plurality of different values, a mobile node being able to determine

5 from the transmitted cell type identifier the number of sectors used in the cell, the number of carriers
used in the cel}, and the number of said carriers used in individual sectors of the cell, at least some

cells in said system using different numbers of carriers per sector than are used in said cell.

6. A communications method as claimed in claim 1, substantially as herein described with

10 reference to the accompanying drawings.

7. A base station as claimed in claim 2, substantially as herein described with reference to the

accompanying drawings.

15 8. A computer readable medium as claimed in claim 3, substantially as herein described with

reference to the accompanying drawings.

9. A base station as claimed in claim 4, substantially as herein described with reference to the
accompanying drawings.

20
10. A base station as claimed in claim §, substantially as herein described with reference to the

accompanying drawings.

L, A communications method substantially as herein described with reference to any one of the

25  embodiments of the invention illustrated in the accompanying drawings.

12, A base station substantially as herein described with reference to any one of the

embodiments of the invention illustrated in the accompanying drawings.

30 13 A computer readable medium substantially as herein described with reference to any one af

the embodiments of the invention itlustrated in the accompanying drawings.



