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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

20 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

25 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

30  is that when the first carrier is the only carrier used, there could be a significant amount of
interference in the first carrier (thus limiting sector throughput), while the other carriers are

completely idle.
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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.”

20
In a communication system, the information bits are generally transmitted as blocks of
coded bits to combat errors in the communication channel, where each blocfc is the minimum
unit of channel coding. In the case where no channel coding is performed, each information bit
can be considered a block.
25

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,
where the time duration of a chip is much shorter than that of a bit. Suppose a bit is N times

30  longer than a chip, then the bandwidth expansion factor, or spreading factor, is N,

Consider two methods of transmitting a block of coded bits in an OFDM system, as
shown in Figure 1 and Figure 2. Figure 1 is a drawing 100 plotting tone on vertical axis 102 vs
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(212, 2209secthe DFPMisigesd anebt sproed speeteyn signd30, tones (216, 224) during a
thir(il time interval 232, tones (212, 220) during a fourth tine interval 20
234, (t)ones (210, 218) during a fifth time interval 236, and tones (222, 226)
during a si xtRighierDss aldiivwany 200 glafling fork@a dedichll aatsk20afvs tiatbash HurizentdbeXkis
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di scussion, it should be apparent that nethod and apparatus for 30

i npl enenfirshblogk phrededibitrel2agpresented by d 2 sapasesrvithedingomakling shading yses: tees
benefi ci @log 31%) 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
20 234, 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)
25  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.

In view of the above discussion, it should be apparent that method and apparatus for
30  implementing a phased deployment of a communication system would be beneficial. In
addition, a system configuration that can achieve a high level of bandwidth utilization, even if
constructed in phases which use different amounts of bandwidth and/or different numbers of

carries before arriving at the final system configuration, would be both desirable and beneficial.
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P 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,

20  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.

25

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
needs and thus start to add additional carriers in its sector, while cell B do not see much increase

30  in capacity needs and thus stay with the original deployment of one carrier per sector. Moreover,
when multiple carriers are used in a given sector, the powers used by those catriers may be
different. In one embodiment, the relative power difference (ratio) between those carriers is

fixed and known to the users. In one embodiment, the power ratio is at least 3 dB.



when nmultiple carriers are used in a given sector, the powers used by those
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Wrs initiallyslgpbrmest with bndRa@R) & thednvention, 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

20  multi-sector cells using one of the frequency bands initiaily. 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.

25

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
operate in the additional sectors and/or sectors which have been upgraded to use multiple carrier

30 frequencies although they might not be able to use the newly deployed carrier frequencies.

In some but not all embodiments, different carriers are assigned different transmission

power levels. In some three sector embodiments which are particularly useful, each sector
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i ncreased | evel and enpl oyed universally throughout the system in
accor danceledtpd frequeacipy wisl Hie frequency and/or periodicity of the tone being used to

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

20 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a drawing illustrating exemplary coded block transmission in an OFDM
system using non-spread spectrum signaling,

25 Figure 2 is a drawing illustrating exemplary coded block transmission in an OFDM
system using spread spectrum signaling.

Figure 3 is a drawing used for explaining a method of bandwidth expansion in a cellular
communications system in which the bandwidth associated with a carrier is expanded to an
30 increased level and employed universally throughout the system, in accordance with the present

invention.
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carri ersthelpréseiteiventioh @id udifl BehedsdA Meepressht iRvdnienpr esent i nventi on.
Figure 11 is an illustration of an exenplary nethod of beacon signali ng in

accordance with the invention which may be used to convey to wireless
termnals i an 4 @ghﬂl@&aﬁ@ly 38 cxéhgrﬁﬁ} t\ﬁfﬁ:‘i@kf'erﬁqfa[ infflem&ilef in RBordance
eval uati ons, accordance w't ent 1nvention.

with the present invention and using methods of the present invention.

15
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.

20 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.

25 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
different power levels associated with each of the three carriers in given sector, in accordance
with the present invention.

30

Figure 11 is an illustration of an exemplary method of beacon signaling in accordance
with the invention which may be used to convey to wireless terminals information that may be

used to make carrier selection evaluations, in accordance with the present invention.



WO 2005/ 109917 PCT/ US2004/ 034988 -8 Figure 12 is an illustration of a
exenpl ary three sector cell enploying three carrier frequencies (fl, f2,
f3), each carrier using a distinct 1.25 MHz BWin a 5 MHz system an
exenplary wireless term nal receiving beacon signals, an exenplary table for
associ at i ng 0 2MF®Hssi on power levels with carriers, apdTasmxespdsary
conparison prediction table for calcul ating expected signal -to-noise

rati os, in accordance with the preset- invention. Figure 13 illustrates an
exenplary wi rel ess conmuni cati ons systemincluding five exenplary cells,
each cell illustrating a different |evel of deploynent. 10 Figure 14 is a

drawing illustrating g}éﬁlrrpl ary hase station attachpent point transmtter
UBfF 398 O ' i

depl oynent cofigigdeds & EXeannlary thragysector gelt émR]QYin_BéfFfE%I%f’énﬁf dr awi ng
of an exgBpleaki¥s df??;}?fs‘)'fbat:@%ﬁeﬁdéﬁig A infe 35 a%ﬁvﬂ#zfsgét&ﬁ,sar{ ermnal to
eval uate base station depl oynment configuration br oaacast signals 1n an
exenpl ar gxesphaoy mineless tnuinal reedivieg beaconisi gmads, ex exquhplary tahlde farpseniating

configuration broadcast . si.gnal. values. Figure 16 includes.a i ng of
anot her - O RGE Vel M Rtief it B Cacsp e pERR P BPRAT Doy i na
t o eval uaileldgexpéctid ghatl RphaseRids, Raotdrgatica witnhdpeage afentidngnal s in an
exenpl ary enbodi nent and a tabl e including exenplary depl oynent
configuration broadcast signal values. Figure 17 is a drawing illustrating
an exenpl ary | L b il 0 Gl gl ' qHE bands
each correspo@g%g%? %ﬁkgB %?%?gﬁt{wggﬁé%ép?%n%gggg) gg%gemvﬁcﬁﬂ g%%r esent 25
i nvent i oexenfplayycals]&chselhilthsaatingg diff¢rastieat ofdgplyymenenpl ary bandwi dt h
partﬁ@ion including 3 frequency bands each corresponding to a different
carrier in accordance with the present invention. 30 Figure 19 is a draw ng
i1 lustrating pipgehans £3RWPALNMstRENS wiediptarp Bidel stdtion attihinéddt findrankbR@reNCy
bands each _corresponding to a different carrier in accordance with the
present depiRsEsnt enfigugation bsydeetsignalegr/ US2004/ 034988

Figure 15 includes a drawing of an exemplary look-up table that can be used by a
15  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 16 includes a drawing of another exemplary look-up table that can be used by a
20  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
frequency bands each corresponding to a different carrier in accordance with the present

25  invention.

Figure 18 is a drawing illustrating an exemplary bandwidth partition including 3
frequency bands each corresponding to a different carrier in accordance with the present
invention.

30

Figure 19 is a drawing illustrating another exemplary bandwidth partition including 3

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

invention.



-9 Figure 20 is a drawing illustrating exenplary QFDM signaling, e.g.,

downlink signaling, wthin three sectors of the sanme cell which illustrates
synchroni zati on between sectors, in accordance with the present invention.
5 Fi.gure 21 is a drawing illustrating an exenplary enbodi nent of base
station sect®P 20085{98%hi ssi on power for different carrier #cuasehosisbisn t he
sane sector of the sanme cell, in accordance with the present invention. 10
Figure 22 is a drawi ng 2200 il lustrat9ng an exenpl ary enbodi nent of base
station sector transm ssion power for different carriers used within the
same sector of the same cell, in accordance with the present invention.

Figure 23 is an il]ustration_of an exenpl ar ook-up table that may be

stored in a wfigBfee'd® @ i%avf’% Hﬂ]“ﬁté“}“"&ﬁﬁe | M sigp 1’@)&%@?&?’@@ ggaalingq
depl oy meRfithiEHRE 6@k of HRRathB EAL Which ﬂ}?llstr&éé]sliﬁ&rglﬁzaﬂ’gﬁ' bﬁ%ﬂxé&ﬁ'mftbéfiﬁ the

conbi nation of Figures 24A and 24B, illustrates a nethod of operating a

wi r el ess acasrdanesawith Biegreseptohvéntiomode, to sel ect between carriers based on a
receiéfd beacon signal and information about known downlink power

transim ssion |l evel 20 rel ationships between carriers in a cell or sector.

Figure 25 is HBigtfedliing dedwingilkxedikan ¥xaiyire @mbodiplea i Baeél sthtioragector dance
with the present inventjon, illustrating that the exenplary base stations
are conn&@BEYsIRP RevsEfafiififerens cgrrers usedywitig Ahe sameisgripkof thesanteroedly inp

DESCRI PTL N da8td Wit B phddehiUfieenfile Or nore sectors. A cell without nultiple
sectors is a si ng1e sector cell, i.e., it includes a single sector. Signals

are normally transmtted by a sector transmtter 30 using a carrier
freqygncy andg.t he £orrespondi handwi dth, e.g., one.or re tones

surrdfint ng TR p EPRARE AAD BRRAEY benhufy B Bon Bt SRR stivren use
a frequengisniissich gt eireliffatneatliets us6dwithia the JaBRUeR6Y of tEE Shycellnid sect or or
cell. WO 2005/109917 PCT/ US2004/034988 -10 Wreless termnals, e.g., nobile

nodes, c@éfRviPeavithierespniinypatianst ati on on a given carrier frequency and
novi ng through a system need to deci de when to nmake a handoff and

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

15  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
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

20  relationships between carriers in a cell or sector.

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

Celis may include one or more sectors. A cell without multiple sectors is a single sector
cell, i.e., it includes a single sector. Signals are normally transmitted by a sector transmitter
30  using a carrier frequency and the corresponding bandwidth, e.g., one or more tones surrounding
the carrier frequency. Cells and/or sectors of a cell often use a frequency band centered around a

carrier frequency used by the sector or cell.



transition to a new cell and/or sector. 5 In sone cases, where

communi cati ons systens have been depl oyed, the avail able bandw dth
avai l able to a service provider nmay change or becone i nadequate due to

i ncreased denmands for bandwi dth. There is a need for nethods and apparat us
for providi NYOAMBAMEI tion to a higher 10 bandwi dth capacitug20nabsss
communi cations system A phased transition where an entire system need not
be upgraded at once is desirable. It-l0s al so desirable that at |east one or
nore methods be provided which avoid the need for a system w de changeover,
al | owi ng a phuagkss fapinak e mobileMydes) cyRmneestiEORNIED B B eStdtid} oRQ givedual |y
phased in over tinme as new conponents becone avail able, as the service

provi der SAEEKeaNeRcYRad mayHgthrougls a pystea peed do decideswhes tp apake pdandpff aidonal
capaci tyganhel ar hogyy dgl user's data requirenments denmand. It is also
desirabl e tﬁgac{ﬂ tgﬁzlgggc%gﬂoynent s be backward capable with existing wreless
termnals in the field, allowng custoners to delay upgrade until

convepi ent angd/or needed. |t woul.d also be .desjrable if the t hods of
Shasetl dopl oy e gRE nigient rbauticatog Rl i i Refioved METARERE: ° The
sect or/ cBardvwhd Ad#TabR 3o aBetvide Pﬂﬁideﬁ gRdcRmgt ¥r Bacpee naleidiedise tbaidrédkad pover .
It would be 20 advant|a§gous It the nethods and apparatus used to depl oy and
access t A¢mandpferdasdidiandwi dth, efficiently provide the wirel ess terninals
with information to conpare potential levels of interference and/or |oading

in different cells/sectors on the carrier frequencies available, and/or to
nmake handof f Tere &iaorsd faswthads and appaetisdoeprowdingaadinsigon anghighemeed. 25 One

approach,is to. change the entire.system and,depl t he i ncreased. bandw dth
capabl | i PPaNidh ORETE WiEIs TN Gatigns SRR APRBedSTrattian AR D EBNE Figure 3
shows angysexerdel dolbeoptRel 2hck Rdeticdbltd T RaRe dedifi®lesthat 4t Mast dnB9s mokS1 302,
BS2 304, BS3 306. Each base station (302, 304, 306) is surrounded by a cell

(cel | 130wthodibg providadwhichayoid tigpyd foraspyiers #idg ¢hangeorer. allewing aphasedge ar ea
for the ' | | 06 operates
usi ng thg&)gﬁﬁrﬁe&%gﬁwwa@l?@h%?gﬂ ?\ng E@%ﬁ%ﬁ@é@éﬁ@?‘ﬁ@@#@é? P g%'vgn of the
system banghnents bealrerayeildde, abhthe syprsice mraderd custop@r Bake growioas oatizet amss s 352
illustrates, freguency. .Blo 354 il)ustrates the pre-upgrade system

bancd d ot PO ALy en 6 Bpjaat A RSty et o iy SF0 356,
whi | e bl g&kaidethat bhddad &%ﬁ%@neht‘s%c%éﬁwds!@%;ﬁ% vHﬁirEiY!ti% Wyiné14k tebminaR iY'\@e

2005/ 109917 PCT/ US2004/ 034988 -11 system 300 operating using carrier

f r equencfielfirlivging asiomersyte Xelaywpgladsentd epnvienightsandéor gegded. 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
20  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

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.

25 One approach is to change the entire system and deploy the increased bandwidth
capability everywhere. Figure 3 is an example of such a deployment. Figure 3 shows an
exemplary system 300 including three base stations (BSs) BS1 302, BS2 304, BS3 306. Each
base station (302, 304, 306) is surrounded by a cell (cell 1 308, cell 2 310, cell 3 312),
representing a wireless coverage area for the respective base station. Each base station 302, 304,

30 306 operates using the same bandwidth. Drawing 350 is an exemplary illustration of the system
bandwidth change as the system 300 is upgraded. Horizontal axis 352 illustrates frequency.
Block 354 illustrates the pre-upgrade system bandwidth X with the system 300 operating using
carrier frequency fo 356, while block 358 illustrates the post-upgrade bandwidth Y with the



nobi | es, which may nove throughout the system 300 have to be nodified to
operate using the new bandw dth when the bandwi dth is increased. The size
of the dot/dash circles (314, 316, 318) in the cells (308, 310, 312)
indicates the relative transm ssion power of the carrier frequency in 5 its
respective cell, which is the same for each cell (308, 310, 312) in the
exampl e of MYQYI917 One problemwith this approach to BEPUSINHGBHISES t hat
each of the system conponents including the base stations and wirel ess
termnals need to be nodified at the-ldhangeover tine. Different conponents
may be ready or avail able for changeover at different points in tinme. Such a
| arge scpitam d0dhoppegingrusingyac@ufrequench f'radp) wiaere YrXs éVireless tarindle, e.g.,

i nconveni ent, for.many wireless, 10 termn sers, e.dg. 0 need to
upgr ade GFPPHES SEIINTRPYS E E@th@rsﬁtﬁ‘&%bo Hﬁvc Pg?gpﬂggledﬁ’gﬁ?‘?r}ﬁ%@s‘&ﬁgﬁat i ons
Wi thin t hewnahdwigih wKdnangbaawidin &lifGeasb® K BBk of fhe AGY &h Bcles GAL[316/ 3t h a
first size frequency band to using a second carrier with a |arger size

f r equencytt ﬁlﬁﬁéﬂsrﬁw,élﬂ»vﬂlz\) indicaten tieirelative eansmission pewer of thewastienfeequensiiges in

the RE s ' . : ' | hd i , equirin
b o £ 0 SRt el Sonich 1 Rkblor chlh i t5b4, 4961 315 NGOG B 2L 1 10
| arge ][ _ bainegroblgowith thie appmmug defloyment i tgqmacﬂsﬁrthe dystegmmr?lmfsms incldding
specific user nmay not need to he .given igh rate, and therefore, it is
Unef 1 ci dibaSEATR R MTEleys Nt neqdin bemoditisd 24 Bowhaerayer bime. Ritierotth o
origi nal csmBbdedfs nb@%%&ﬁyfbr%ﬁ_raﬁieif@f‘ch\é@gh!o%ﬁh@&ﬂfere?@bbﬁfsiiﬁﬁrﬁe.h%ubl@ﬂa'rée needs.

In addition, as a service provider tranSitions froma capability based on a
first utistaleddngeover may eausys dismaptipn in sarvicgragd be inconveniegt for epny Noieldsand

capahpl i . t fir I [ ea . NQt. ough
cust gger ié{-{r%r}’aﬁé%@(jfz. j"l‘j‘IShloilﬁ %}' rf%%%%a‘ﬁ’ﬁ atdﬁggg?r@%ag%g%\ﬂn{fﬁ @cfgs {Eg%]dﬂﬁﬁﬂg%leﬁ%s uch a
mass chagesinive bpetating ywithid tha fetvoell | Clumbing Gafeldss edinalididnh osing a casitr with a
infrastructure_is prematurely spent and wirel ess tern nal b%@ry power is

need! ess 3t g8 fearenghBIep usipp A SeroRd FBTEdithY [ 8rE Siga SEIV A ARPYUTHY i nto the
system | svaIRRffstaACHahYIRIL, hadwitl ehpBlindUORE sQABH of e WPlkedhvetRNCY W LD

the same bandwdth I1s a the entire system when needed. Figure 4 is
an i | | uswadditiprosuchOOchasgad verregiisng ¢4oh Witeless ppinekiomowRipgrateeoma Bngens  an

exe ary system 401 incl udi t hree base stati.ons .(402 4. 406). FEach

bace 8¢ abPHiAd G silaS ifker et B prsntiut B B S orp ol mart Cobes A

r epr esenkpddfficiusét mey A hebDioBeaddRnaesh Rl arddBerefors REE irdefiifiA $€bisth dhikep. Each

base station (402, 406, 408) operates w.th usi n% carrier frequency 30 f1416.
i

I'n Fi gur 8ower witlea lsge BY onerrtion whendhq erigingd smaller bapgwidihcoperasion mopldhaseuency
f1416 wi . ] X " ' : 1 | ' )
42 apagitsfied BN bt 1o ioh I8 p3iRoe ol LG SallE ollb I PBasbdER.

power of affin® utikizadiband to egysencyith 4 larger utikzeddegeeartcy bend edpabilinhsystem, afitshe sane
For 56° h of 1%' slom Aé?e%é, tﬁelrg ’ma?/ %1%2 be crxlloa ecuesé)?ne sI e & j%lgtl y tﬁ"coa d?tIonEll c%%arb?lit)l/,'
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.

Another approach to adding increased bandwidth into the system is a phased deployment
25  where an additional carrier frequency with the same bandwidth is added to the entire system
when needed. Figure 4 is an illustration 400 used to describe this approach. Figure 4 shows an
exemplary system 401 including three base stations (402, 404, 406). Each base station (402,
404, 406) is surrounded by a cell (408, 410, 412), representing a wireless coverage area for the
respective base station. Each base station (402, 406, 408) operates with using carrier frequency
30 f, 416. In Figure 1, the dotted line in the legend 414 indicates carrier frequency f; 416 with a
bandwidth X 418. The size of the dotted line circles (420, 422, 424) in the cells (408, 410, 412),
indicates the relative transmission power of the carrier frequency f; in its respective cell, which

is the same for each cell (408, 410, 412) in the exemplary system 401 of Figure 1.



WO 2005/ 109917 PCT/ US2004/ 034988 -12 As the need arises, e.g., nore
custoners, a second carrier frequency f2 426 with a BWX 428, represented
by a dot/dash |line shown in | egend 430, that does not overlap the first
carrier fl BWseclgrrent 418 in the frequency range 432 may be enployed in
each of theWQMOFIPATS 410, 5 412) of the system ExenpPeryismysiiassisil
represents such a nodified inplenentation of system401. In system 451,
each of the base stations (402', 404'12-406') represents a nodified base
station (402, 404, 406) which supports both carrier frequencies f, 416 and
f2 426 in each of the cells (408, 410, 412). The size of the dot/ dash |ine

circles (434, 6, 4 in the cells (408, 410 .4 ]
rel ative trané ﬁﬁ?ﬁeﬁ‘ﬁa‘%ﬁ%g OEF‘OIFI‘?BSt?:‘Hﬁ(’rF’l asecq %S?Q‘FGZ‘CV ﬁ&%@%?ﬁ ve 10
cel |, whiggh répedeited 53 BRIoH/@4sh HAE Bhowdl ih lég@nci 5‘50 haE s oY ovetfp &P tetkaftfer i Qur e

4. The rel ative transm ssion power of the carrier frequency f2 in eac
respect i BV segment 418gn thelfequency) rapgs 432 mydoatemlmdurh@achlof theaelle (408469, (434,

436, 438),14 ' e . | val.en Q Lve tra sm ssi on
power élof hg ??ZOf(;ﬁz%%b' %/tgl‘rn E‘ ?“é[('q Jlgﬂjgss'glﬁf] ﬁg%@é%ﬁm? %‘é%’eac%l ge gﬁélm?%%tm 0, 412) as
i ndi cat edysltr;m 401, dhegstérd 201, edPof th¥gse sraborlsqYONGI04, 104 PR pledéids a Adbified 38) .

Such a de ment 15 stra y .has the di sadvantage_ that there wll bhe a | ot
of 1 nter peie SR Ao 156 THicn sep agrie freguencies 4ot 16 f2 430 cach of

over | appiRGey @88, 416! OSNTHNG:of leoBlfth fink BFciSA(34 06l £28)5Pthe cBlls @AED cel |
In addition, such an approach results In ata rate capabi ity rates that
vary si i, ﬂll)amdw}ted dpenhhw@trmrmwem\ppwal afske ¢casrieri frequendyde mtitsomspeetivehe

cel |l .,Near, t he,bhase st at.i hi data rates w while far
vy 191 onth idsnE B8 sBE ri e P e R Sty ol BB o ea” Th s

approach trm&nb@‘ibnfﬁcﬁlﬁ af e @hrriey freuehd iy | hﬁ@.c]@ﬁ’fsp&ﬁ% CME(408541®, $EX)b ce provi der

can't guarantee nobi | e user_ a high rate, ure 5 shows an exenpl ary

system 5mqaw&|b§m1wfuoafc&§ &Wdﬁéc it wuﬂa@ng@re@éﬂy equiNglenite e r@lﬁ@veUsu ng
t t

o G i ¢ ool SR ofthe biiSePEERERLy B0k ety Q08 IOEMBEE T centi ng

a wrel esslwatcdéwageleaf@ﬁ 422r 4&4)mmyatgadmchn (43336, 4BS). Sush 8 de[BSyxﬁerﬁlo BS 3

512) and 4 506 i.ncl.udi three sect.ors ect

Sect b7 B 5 haf theycidedatacs Vi 3o il B AIOL o Dttt espoGR B ety 1 g
sector 51:3@40 aabl 442), 4, éﬂéﬁbﬂﬂ@é&r@ﬁ%ﬂfwﬁﬂé?e@lls SiR6d BE sﬁnéﬁw 13%!%11 1§eCt or C
524; cell 06 incl udes  sector A 526, sector B 528, and sector C 530.

W r el ess cacdepil.nk additiomssuch en gpprogebisesulis inglatasratzapalmlity raey/ thabNAsY t hr oughout
t he syst el ess
kT o SRR AR ind s RAEl R R i ame 1y Neal e ol oy il
coupl ed Hgra rates will be supported, while far away from the base station only lower data rates will be

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

guarantee a mobile user a high rate.

Figure 5 shows an exemplary system 500 implemented in accordance with the present

invention and using apparatus and methods of the present invention. Figure 5 includes a plurality

25  of multi-sector cells (502, 504, 506), each cell representing a wireless coverage area for a base
station (BS), (BS 1 508, BS 2 510, BS 3 512), and each cell (502, 504, 506) including three
sectors (sector A, sector B, sector C). Cell 1 502 includes sector A 514, sector B 516, and sector
C 516; cell 2 504 includes sector A 520, sector B 522, and sector C 524; cell 3 506 includes
sector A 526, sector B 528, and sector C 530. Wireless terminals (WTs), e.g., mobile nodes

30 (MNs) may move throughout the system and communicate with peer nodes, e.g., other MNs, via
a wireless link to a BS. Exemplary WTs (532, 534) in sector A 514 of cell 1 502 are coupled to
BS 1 508 via wireless links (533, 535), respectively. Exemplary WTs (536, 538) in sector B 516
of cell 1 502 are coupled to BS 1 508 via wireless links (537, 539), respectively. Exemplary



BS 1508 via wreless links (533, 535), respectively. Exenplary W's (536,
538) in sector B 516 of cell 1502 are coupled to BS 1 508 via wrel ess
links (537, 539), respectively. Exenplary WO 2005/109917 PCTI US2004/ 034988
-13 WIs (540, 542) in sector C 518 of cell 1502 are coupled to BS 1 508 via
wirel ess |i NQMOFWIT 543) " respectively. Exenplary Ws PEBUSNBMGH8EN sect or
A 520 of cell 2 504 are coupled to BS 2 510 via wreless |links (545, 547),
respectively. Exenplary WIs (548, 55083-in sector B 522 of «cell 2 504 are
coupled to BS 2 510 via wireless links (549, 551), respectively. Exenplary
W's 5 (55%Ts 6848)542hinssectboC 5C8 52delbf 502edré céiphe@do BSel $a8Uvih edretess BksZ54810 vi a

A 526 of Ad ronreRyey Jpesiaiy METF Ba sl arss A BTl vl 250 P pemiidia PR £55)

reSpectl\mbma\ﬁa@égphaksy(SWm@@&pe&ﬁ . ERe®: ﬁﬁgpwﬁ@@ﬁmlﬁ@édmfﬁ 550§ are
coupled to BS 3 512 via wreless i nks' 561 %9 respectively. Exenplary

WI's (564,cell 5584 ategoupied B2 539 vigrwiredgss rskse(é@ abb), eespestively: BxeplagydPs vi a
| t
o et gor {557 8548 Seteor 524 or N D SBREE! i 0 B8 sTRYiR AN RESHSIRSRET V1 @
i nks (SEéspecﬁﬁVELy Fxdinplary WTs€556) 558)rim seetds @8526Tdfeel) 8t506 ke cragled eBS BS12 e. g. |
t | | t wor k 0.,
Ot her badia MRS JpRoHST AR e Rl A ey RAGEass, 6D lméméfrl?ﬁ%ser?wﬁ Snet
vi a net Wabk atel dtiplad & BB WP wﬁé}ékkﬁm&?@sl 363), re‘éﬁéouv $OR R, p1 64 fiber

optic cables. In accordance with the i nvention, fferent cel s (5 2, 504,
506) of the) igperterds S¥bofrmell 3 Dowporcupledie BHS 5I1%V@I\§lr@¢83dmk§ (¥5e5@arriers and

vari qys l%égl lSr'fe frequency reuse, and the system 20 500 is well suited for
a phased yrent of a bandwi dth capacity increase, e.g., from1l. 25Miz
systemto a 5 Mz system V\/nere the 5 MHz system may be suppl enented using 3

carriers each_havi n OCI ted non-ovyerl ing B f 2 The
frequency and:BgFmaﬁ tﬁrlvm%@ctgpr %%M@%ég%éﬁﬁwgmm%d to
convey | %ﬁiflé@hhﬁélvdoﬂ@']hﬂét(sm S’fii‘%ﬁﬁb'a nefik B5deSSR! the hEQMBHRbLE i R, beacon

signal was transmtted. Each sector BS transmtter may 25 transmt a set
of narrow. g'uaghutsm rNstgotk noidg A68 & adto Opeplcfbt!h ather mt:tmovbsl mdes; ergatotheebaseef erred to

aceitno. BRuRyACA Rageahams Hith B\ e T RO R RIS ARy kR 7P Ner Pl nency

sour ces. 1{{11@@57@\!5731394;503@@33314513 fibgapadicalegnal s, make si gnal power and/ or
other quality neasurenents, pred| ct SNR for each of the potenti al

connections, and make hand-off selections using the received infornation.
Wi l e In accordance with the invention, different cells (502, 504, 506) of the system 500 may

support various levels of multiple carriers and various levels of frequency reuse, and the system
20 500 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
phase and/or timing of the beacon signal may be used to convey information indicating the cell
and/or sector from which the beacon signal was transmitted. Each sector's BS transmitter may
25  transmit a set of narrow high strength signals at periodic intervals, sometimes referred to as
beacon signals. WTs such as MINs may operate on a single carrier band and receive beacon
signals from a plurality of cell/sector/carrier frequency sources. The MNs may process the
beacon signals, make signal power and/or other quality measurements, predict SNR for each of
the potential connections, and make hand-off selections using the received information. While

30  beacon signals are used in some embodiments, in other embodiments such signals are not used.

Figure 6 illustrates an exemplary base station (access node) 600 implemented in

accordance with the present invention. For example, exemplary base station 600 may



30 beacon signals are used in sone enbodi nents, in other enbodi nents such
signals are not used. Figure 6 illustrates an exenplary base station
(access node) 600 inplenmented in accordance with the present invention. For
exanpl e, exen& ry base station 600 nmay WO 2005/109917 PCT/ 1TS2004/ 034988
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routines 630 and uses the data/ information 632 in the nmenory 610 to

control eopledie aaenternadp2q, Ka8lorespecsivelyi Barhoeror W@S%ﬁtﬂ(jﬁ% ﬁ%@us Fapgble S‘f users
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control con ni ca beacon sé)gnal ing in
accor dandleuwttllﬁtMHz IBW biids within a 5 MHz BW window, and can also transmit beacon signals

20  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
data/information 632. The processor 602 executes routines 630 and uses the data/ information
632 in the memory 610 to control the operation of the base station 600 including scheduling

25  users on different carrier frequencies nsing different power levels, power control, timing control,

communication, signaling, and beacon signaling in accordance with the invention.

The data/ information 632 in the memory 610 includes data 646, e.g., user data to be
transmitted to and received from wireless terminals 700, sector information 654 including carrier
30 frequencies associated with each sector and data transmission power levels associated with each
carrier frequency within the sector, a plurality of carrier frequency information (carrier 1 info
650, carrier N info 652), beacon information 656, and deployment configuration broadcast

information 657. Carrier frequency information (650, 652) includes information such as, e.g.,



The data/ information 632 in the nenory 610 includes data 646, e.g., user
data to be transmtted to and received fromwreless termnals 700, sector
i nformati on 654 including carrier 30 frequencies associated with each
sector and data transm ssion power |evels associated with each carrier
frequency WWYRPHSEM&sect or, a plurality of carrier freqRenwy2doniasssati on
(carrier 1 info 650, carrier Ninfo 652), beacon information 656, and
depl oyment configuration broadcast ilAformation 657. Carrier frequency

i nformati on (650, 652) includes information such as, e.g., WO 2005/109917
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I ncl udes conmuni cdt’i ons routines 63 and base statfon 20 control routines
636. Theaudeninformatidnandicatongtthopewes develswf eaohpf dheenatriarhiaseddm pash of the sectors.

co i cations protocols used by.the has t.ation .600. The base, station
cont 151 PobipYRel B8 on el iiiatPLPs T PEleSs oot FREF0h nes
640, andm@ssagésttobé éaM al braaddiktihetaghf e, peloditll to Conkey e Bude stallbifs base
station control routines 636 control base station operation including the
recei ver feploympsnh#a®st t er (s) schedul i ng, signaling, and beacon signaling. The
25 schedul er nodul e 638 used for scheduling air link resources, e.g.

bandw dth over time, to
The base station’s memory 610 includes communications routines 634, and base station

20  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
control routine 642. The base station control routines 636 control base station operation
including the receiver(s), transmitter(s) scheduling, signaling, and beacon signaling. The

25  scheduler module 638 used for scheduling air link resources, e.g. bandwidth over time, to
wireless terminals 700 for uplink and downlink communications, Signaling routines 640
control: the receiver(s), the decoder(s), the transmitter(s), the encoder(s), ordinary signal
generation, data and control tone hopping, and signal reception. Signaling routines 640 includes
a beacon routine 644 and a deployment configuration broadcast module 645. The beacon routine

30 644 uses the beacon information 656 to control the generation and transmission of beacon
signals in accordance with the invention. In accordance with the invention, beacon signals may
be transmitted in each sector in each of the carrier frequency bands used. In various

erabodiments different sectors of a cell and sectors of adjoining cells support different numbers



wireless termnals 700 for uplink and downlink communications. Signaling
routines 640 control: the receiver(s), the decoder(s), the transmtter(s),
t he encoder(s), ordinary signal generation, data and control tone hopping,
and signal 2 tion. Signaling routines 640 includes a beacon routine 644
and a depl oﬁé @5’&‘6"3%% guration broadcast nodul e 645. The POB@SZ04/03a088i ne 30
644 uses the beacon information 656 to control the generation and

transmi ssion of beacon signals in adéordance with the invention. In
accordance with the invention, beacon signals may be transmitted in each
sect or i of eadér feequency beatsrat e sune guishinytinkea rfiss aver, e.pninthe caa of a phisedli nent s
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Figure 7 illustrates an exenplary wireless term nal (nobile node) 700,

i npl emented in accordance with the present invention. The wrel ess term nal
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accordance with the invention. The illustrated receiver 704 supports multiple carrier frequencies

20  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
overwritten or interfered with by beacon signaling. The transmitter 706 is coupled to an antenna
716 and may transmit signaling and information to base stations 600 including: requests to

25  initiate a handoff to another sector of the same cell using the same or a new carrier frequency,
requests to initiate a handoff to a different carrier frequency within the same sector, and requests
to initiate a handoff to a specific sector and carrier frequency of a different cell. User /O
devices 707, e.g., microphone, keypad, mouse, keyboard, video camera, speaker, display, etc.,
allow a user of WT 700 to input user data/information for a peer and to output user data received

30 from a peer in a communications session with WT 700,

The wireless terminal’s memory 708 includes routines 718 and data/information 720.

The processor 702 executes the routines 718 and uses the data/information 720 in memory 708



overwitten or interfered with by beacon signaling. The transmtter 706 is
coupled to an antenna 716 and nmay transmt signaling and information to
base stations 600 including: requests to 25 initiate a handoff to another
sector of th sarre cell using the same or a new carrier frequency, requests
to initiate WORYYI®PY to a different carrier frequency wWPCHUS20he34988e
sector, and requests to initiate a handoff to a specific sector and carrier
frequency of a different cell. User 470 devices 707, e.g., m crophone,
keypad, nouse, keyboard, video canera, speaker, display, etc., allow a user
of WI' 70® comtrhthe bpaxation aialuGaWiireiéasrteraﬁmabﬁIOO cludingémpleardtin®the wifeldss user dat a
received, 30.from.a peer | ni cations session with Wi 700. The
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transmitter/receiver through which ordinary signaling is being communicated, and may

20  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
wireless terminal is in an access/on/hold/sleep state. Identified beacon information may identify
which beacon signals have been detected. User/device/session/resource information 734 may

25  also include information identifying peer nodes in a communication session with WT 700,
routing information, and/or air link resources such as, e.g., uplink and downlink traffic channel

segments assigned to WT 700.

Power information 736 may include information associating each sector, cell, and carrier
30 frequency set with a specific data transmission power levels and/or information identifying data
transmission power ratio between different carriers within the same sector of a cell, as well as
information associating different beacon signals with different transmission power levels.

Detected beacon signal information 738 may include: information on each of the beacon signals



downl i nk data signaling, e.g. traffic channel signals. Mde information

i dentifies whether the wreless termnal is in an access/on/ hol d/ sl eep
state. ldentified beacon information may identify which beacon signals have
been detected. User/device/session/resource information 734 may 25 al so
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carrier d@3®hivedguestivedand mobsubedie g1 e6li/édcfor WD BediveliioNics Bvel) ambodgdier! evel s
and/or information identifying data transm ssion power rati-o between

di f f er ent e @OFY éﬁsgmﬁﬁeﬁﬂ“ﬁ drfpary sigpalingdn die ssstopfrera whichyhe heacon gignaliwor mat i on
associ at i [ | ' i A B osa ]

| evel s. db%“%ﬁ%%?ﬁﬁ%@%@?‘g%%f’ﬂﬁb Z’r?’ ?n%r%a?g% bf@%ﬁ(%gyo%ﬁcl udﬁaﬁ'?%gﬂé\%ﬁ%n on
each of wértorthestonn tosthgnatrent W $005 ba208, izfoRGatidiS20M4i 08 ne8Rred tegcdnhat  have

be recei and, measur ed 9. ..cell/sector ID. receive ower. | |, and
carror Serlf ARy AR on fulled O R R Rpea ey RpaRe T Bt CRliRestobm
whi ch t henfbeesion 742 giagincled infofraAiukdd cohdttueChdpging@aqueicdsied fthd on 738
may al so include information conparing adj acent sector beacons to the

current WIeCSSEZolansERSHR, andieenpHen plofpia 3tiqn, Genkel szl autlngcon signdisgnal s
et . . . . oooranans
ORNL TR s S R T

Cel | / sector ntormat | to construct
hoppi ng $agsttioesinubechmmuititaionpsyoeessiting specif@rames fiequencandeacnejgnalin  of

data, i nfornmation, c I si gnal d beacon signals.. ° rrier frequency
ot ortfat PR ey SR il e SEB0R g e toprBot ihudkiE of 't he
base st aircadifed SNR H6r (ROBURLAL 8AVAIRR IraSiiSdHamMM % ith the TRRGMtIcET/s6Ad1 dafler
frequenci es, beacon si gnal s, 10 and sets of tones. SNR information 744

n

i ncl udes fsqugnay cengestiang beipg pied to reeiverdewrtink trafiiqsipraling, aseelkasy padigRR f or t he
current |4 tgraf -l nggg . | I LSe rjearrier
frequencgglﬂ\ggrtll#\agc ei‘g?){oggfo(rfllg u g%er@%kﬁ%c&e%él O\Ai/;&\ﬁcn IHI 3 P@%:n%svléaénal I ng, as
wel | as, canaghicated usifiNRdiffeleait cdrinectioh t@ @ Oaseatdtidn s e di€facemt tdll, kdveorgiadrdri nk
traffLc channel signaling was comrunicated using a different connection to
a badd sCHfif f;‘qus.%.‘ifm%e RBferent cell, sector, and/or 15 carrier frequency
connection. Received/ processed base station depl oynent configuration

I nformation 746 includes received broadcast nessages fromBS transmtters
conveyi ng i nf Beseineil{proogkried hassatetive depleymand configuenation informhasion b inohuslas st at us

of the c dckivad Qr%gcllcggt rR@s?gge? %r%%n' By UMS%?&% Mn%rejfing ir&c‘vfmaitign WhidFEeal fbe used to

determine the deployment status of the corresponding base station transmitter, e.g., in terms of

20  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
messages. Deployment signal evaluation information 748 includes information such as, e.g,,
look-up tables, used in the processing of received deployment configuration broadcast signals to

25  obtain the base station sector attachment point deployment status and configuration.

WT routines 718 include a communications routine 722 and wireless terminal control
routines 724. Wireless terminal communications routine 722 may implement the various
communication protocols used by the wireless terminal 700. Wireless terminal control routines

30 724 perform the functional control operations of the wireless terminal 700 including power
control, timing control, signaling control, data processing, /O, beacon signal related functions,
- base station cell/sector/carrier frequency selection, and handoff request functions in accordance

with the invention. The WT control routines 724 include signaling routines 726 and a



20 depl oynent cell type, frequencies used in a sector, and/or power |evels
used corresponding to the carriers deployed in the sector and/or cell.

Recei ved/ processed base station deploynment configuration information 746

al so includes informati on determ ned fromthose received nessages.
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conf i gur 268¢9A sigpglinfermation, ;38 and kaovy pryvse s tianshipgassodinted Vi the RS t t er s
con g ! b . _
inclu 'n%e@@&k&zéﬁf%frg@%p@gwﬁmﬁapé fof Qicinld agéﬁg@s@@%@gﬁl 1%%&{;;3%:,@@0

depl oynent signa tiron 1ntormation, -up ta
det er m nelowhknkiegfioyeant] signafsi i thealViI 700 ofas chrmected ta eash ofthepgteBSalt r ansni t t er.

The nnectj o onpari son predi.ction r i 728 uses detected beacon
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cal cul at evhixh celifsecadr/GNRS frequency to connect to and initiate handoff requests signals to the

20  appropriate base station.

Figure 8 shows an exemplary wireless communications system 800 of the invention

including three cells (cell 1 802, cell 2 804, cell 3 806), each cell indicated by a solid line circle.
Each cell (802, 804, 806) represents the wireless coverage area for a base station (808, 810,

25  812), respectively, located at the center of the cell. Each cell (802, 804, 806) is subdivided into
three sectors A, B, and C. Cell 1 802 includes sector A 814, sector B 816, and sector C 818.
Cell 2 804 includes sector A 820, sector B 822, and sector C 824. Cell 3 806 includes sector A
826, sector B 828, and sector C 830. Base stations sector A transmitters uses carrier frequency
f; with a bandwidth of e.g,, 1.25 MHz for communications from the base station to wircless

30 terminals; base stations sector B transmitters uses carrier frequency f; with a bandwidth of 1.25
MHz for communications; base stations sector C transmitters uses carrier frequency fy with a
bandwidth of 1.25 MHz for communications between the base station to wireless terminals.

Carrier f; is indicated by a dotted line as shown in legend 832; carrier f; is indicated by a



(signal to noise ratios) for each of the candi date base station connection
possibilities currently available. Then the connection conparison
prediction routine 728 may nake decisions as to which cell/sector/carrier
frequency to connect to and initiate handoff requests signals to the 20
appropri at e YHh3E5/408Y7 on. Figure 8 shows an exenpl ary W PET/ESE04/034988
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20  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
compared to using the same carrier in each section is that interference is reduced, as different
carrier frequencies are used at cell and sector boundaries. This should result in a more uniform
throughput across the sectors and cells of the system. This more uniform throughput can be

25  important in terms of quality of service and being able to offer a high data rate that will be
reliable throughout the system. Reduced interference at boundaries is particularly important in
wireless data systems, where traffic tends to be bursty and there is a constant string of control
signals, which need to reach the worst case user in the system. In such as system, because of the
reduced interference levels, the worst case SNR may not be so bad; therefore the cost associated

30  with reaching each user, e.g., in terms of power requirements, is sraaller as compared to other
approaches. This approach of using different carrer frequencies in different sectors also lends
itself well to further expansion in a phased gradual deployment as needs arise in accordance with

the invention.



termnal to have the ability to process the larger 5 MHz band at a
particular point in tine as 15 would be the case if frequency hopping

t hroughout the 5 MHz band was used for a comrunications session. The 1.25
MHz band is nornmally sufficiently large to support spread spectrum
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20 communications.

In the second cell 904, the base stations sector A transmitter uses carrier frequency f;
with at a high power level (arc) 944 for communications, €.g., downlink traffic and control
channel signals, from the base station 910 to wireless terminals 700; the base station sector B

25  transmitter uses carrier frequency f; at a higher power level (arc) 946, carrier f3 at an
intermediate power level (arc) 948, and carrier f; at a low power level (arc) 950 for data
communications; the base station sector C transmitter uses carrier frequency f3 at high power
(arc) 952, and carrier frequency f; at an intermediate power level (arc) 954 for data
communications. Carriers f, and f3 are not used in sector A 920 of the second cell 904 for data

30 communications. Carrier f3 is not used in sector C 924 of the second cell 904 for data

communications.



with a 1. 25MH bandw dth segnent of the 5 Mz avail able total BW and the BW
segnents are non-overlapping. The radius of each (dotted, dash/dot, or
dashed) line is indicative of the transmtter power associated with the
carrier in the given sector. 15 In the first cell 902, the base stations
sector Atransmtter uses carrier frequency fi at a high power level (arc)
938 for comMWHIP8Hs, e. g., dowlink traffic and contr 8CTAR204@988si gnal s,
fromthe base station 908 to wirel ess terminals 700; the base station sector
B transnmitter wuses carrier frequency¥2f2 at a high power |evel (arc) 940 for
data communi cations; the base station sector Ctransmtter uses carrier
frequency f3 htthathifrdg:hllﬁmﬁhe baxe elati¢arsect8A xrahanittehionsas Qﬂnemcmumh@a(ﬁi éhs. In
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terninal 700; gase station sector B transmtter uses carrier frequency
(f2, 3, tiwfe% d (high (arc) 962, internmediate (arc) 964, low (arc) 966)

power |evel, respectlvely, for communications, e.g., dowlink traffic and
control channe] signals, fromthe base station 912 to wireless termnals
700 ; the basEiguredt iepresengcdificre@ levanefifraquencyueuss thraughiost a fystequandopay f 3, f1,

evell> ¢ BapaetAufb i Bf e BeRie A ol e 4 eprodtis Wb s MR R
control ¢iRABEIEYO2hgNRbesert b eERibWhdra BRreik allow Aufber df@udkbmuds tebuppert!wiile nal s
700. Thus, in_the Yd cell 906 there is full frequency reuse. In the first
cel | the third cell 906 may represent a region where there are a high numiber of users to support.
Different sectors (920, 922, 924) of the second cell 904 may represent different regions, each
region requiring a different level of user support. Alternatively or in addition, the differences in
20  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
depend upon the licensing agreements and/or frequencies available for the service provider to
use at the particular point in time.
25
Figure 10 illustrates an exemplary wireless communications system 1000 including three
exemplary cells (cell 1 1002, cell 2 1004, cell 3 1006), each cell indicated by a solid line circle.
Each cell (1002, 1004, 1006) represents the wireless coverage area for a base station (1008,
1010, 1012) located at the center of the cell (1002, 1004, 1006), respectively. Each cell (1002,
30 1004, 1006) is subdivided into three sectors A, B, and C. Cell 1 1002 includes sector A 1014,
sector B 1016, and sector C 1018. Cell 2 1004 includes sector A 1020, sector B 1022, and sector
C 1024. Cell 3 1006 includes sector A 1026, sector B 1028, and sector C 1030. Carrier f; is

indicated by a dotted line as shown in legend 1032; carrier f; is indicated by a dot/dash line as



902 there is a frequency reuse of 1/3 and in cell 2 904 there is a frequency
reuse rate sonmewhere between 1/3 and 1. Figure 9 represents different

| evel s of frequency reuse throughout a systemand nay 15 represent a system
in an intergﬁgiate | evel of deploynment in accordance with the invention. The
first cell ®Hpresent a region where there is a | BETMHS0E034088
custoners to support, while the third cell 906 may represent a region where
there are a high nunber of users to €dpport. Different sectors (920, 922,
924) of the second cell 904 may represent different regions, each region
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i ndi cat edom( 1012 od wireledsi tegninsls SO ¢abh teDEOOR, 10048,;1006), tHeasd tatich skdreli cat ed
by a dot/dash |ine as WO 2005/ 10%917 PCTI U82004/ 03%8 -23 shown in | egend
1034; cabrifasmpter yses F%Prc%%lancw abg £ At 3 (high, dermeginfe, lay |P@&éh’&"°}036 Each
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of tota |nt e exenplary e
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dashegd) | di t 5 ted with th
carrie, pifficrbohu i ot melkitdRae \EhaRRET level BRREREY Brce tact o
of 1, i cEmmukibRicns sy, Scwwmhkhﬁﬂwm@oml EanHeietknaR, GRS ©edeqtatiandl008, each

cell. In each of the three cells (1002, 1004, 1006), the base stations
sect or Al910; 4812 tq witelgssderminals 700. The following notation is used to describe the base

station transmitter power levels in system 700 with respect to the carrier frequencies: (cell,
sector, high power carrier/intermediate power carrier/low power carrier): (cell reference number,

20  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, f1/f5/f3):(1002, 1014, 1038/1040/1042); (cell 1, sector
B, fo/fs/f1):(1002, 1016, 1044/1046/1048); (cell 1, sector C, f53/f1/f3):(1002, 1018,
1050/1052/1054); (cell 2, sector A, f1/f2/f3):(1004, 1020, 1056/1058/1060); (cell 2, sector B,

25 f,/f3/f1):(1004, 1022, 1062/1064/1066); (cell 2, sector C, f2/f1/f,):(1004, 1024, 1068/1070/1072);
(cell 3, sector A, f1/f2/f3):(1006, 1026, 1074/1076/1078); (cell 3, sector B, f5/f3/f;):(1006, 1028,
1080/1082/1084); (celt 3, sector C, f3/fy/f,):(1006, 1030, 1086/1088/1090).

Figure 10 represents the same level of frequency reuse throughout each sector of a
30  system and may represent a system in an advanced level of deployment, e.g., where a
deployment program has been completed and/or where the service provider has a larger

customer base with high demands which can justify such a deployment level.



carrier frequency (f1, f2, f3) at a (high, internediate, |ow power |evel,
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1106) includes a carrier frequency (f; 1108, f; 1110, f3 1112) respectively. Sector C base station

20  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
B base station beacon transmission are represented in the vertical section of illustration 1100
defined by the vertical boundary of block 1118. In each sector, the sector's base station

25 transmitter transmits beacon signals into each of the three bands (1102, 1104, 1106) at different
times. This allows a wireless terminal 700 in any sector to maintain its receiver on the
frequency band that is currently using for downlink data signaling, and yet receive and process
beacon signals from adjacent sectors/cells in order to make decisions regarding handoffs. The
tone locations of the beacon signals within the 1.25 MHZ band can be used carry information

30  identifying the cell ID and sector ID. In Figure 11, at time t;, sector C base station transmitter
transmits a beacon signal 1122 within the carrier f3 band 1106 (row 1120), sector A base station
transmitter transmits a beacon signal 1126 within the carrier f; band 1102 (row 1124), and sector

B base station transmitter transmits a beacon signal 1130 within the carrier f; band 1104 (row



accordance with the invention which may be used to convey information
wreless termnals 700, e.g., nobiles traveling through a system so that
the nobil es may make inforned decisions regarding handoffs between the
various carriers available at different transm ssion power |evels 10 from
the vari ous WQMEHI®I¥e| |s of the system In accordance WPEHUSINO4/034988nt i on,
the nobile selects and determnes to which cell, sector, and carrier
frequency to use for the downlink c&%munications. As discussed above,
beacon signals are transmtted in sone enbodi ments. Figure 11 15 shows
exenpl ar 128 asoums tgpectbr Gdaseostation teneanipbatcansmitt b beaeon signarid 34 fvithingheel | s i n

Figure 10. . Fiqur sho hree distinct 1.25, band 1102,. 1

1106) ¢ 1 Aemigeh SECL IR ED AT oG bise silon badouler vabRmas st eRldng i 1y
in il ustyisid e cddieds, bamy1 108 (fd%i%ﬁ,%@&c&ﬁf'ﬂ baRé st@tioMri3hder teREHMY cat i ons
systemwith a 5 Miz overall BW Each 1.25 MHz band (1102, 1104, 1106)

i ncl udes beacen pigndl 1142 withinhg carrier £ bawl 1106 (rowol 14PR Atitirpg tsrseefprie rsgatalion Sect or

Chb . ccion A ) ; ol
Sect on_ SAMethnRARC L BehAREMINTIEN  Btnd GRIGRT R DD CRUALIEL it o,
1114; seobhsmrstatioharassnsitat transmiteabencor sigma il SGwithin alescanégyfebandt 1406 (ow t he

bl ock. 111 5Ieireor B OBRSIA D AT IEEOR f OFISHR HSHe L3f BB IPeeBrRdy i n
the vert g 1198 ¢dwoT 526, TreltinShg of theRadshiifed ttaédn@shalidcah BB sHA thitGihe DoOundary

of block 1118. In each sector, the sector's base Station 25 transmtter
transmi t Sesigutomticgrafist; followedlater by tx frdlownd tatertharid gnd theo 2he cyelp4epeats06)  at
diff%ente i)iﬂq&ﬁcml D)iv&t‘m:%om a wreless terminal 700 in any sector to

mai nt'ai n i°t’'s recelrver on the frequency band that is currently using for
downl i nk data signaling, and yet receive and process beacon signals from

dj t t /cells | d ke deci si ' f Th
Cone Tocat | ontiesfe 1ts i ulkegsiios gh bR srermmary B Spoioe ChngOb B 108 dn 14 us o
car ry i Nl PR ShInd MR itk BegUchBcP R Ie, B} ABc ARG Binel Dhistoe EpSMIER, 11, at

time ti, sector Pase station transmtter “transmts a beacon signal 1122
Wi t hi n t [B3Y ima b MLz $y8tepn Garrier G@qyenoyd: i dicated by doiteddinea sethe degend in row

trangmt t r.ansm a heacaon signal. 11 L.thi n.the carrje t..band 1102
(1 owi1 24720 &g L1 2P" RS 3Raind) Bun el ol Bnf Ol eplogbinaB3R < gra
1130 wi t hp2p dnden cell 1202 C2ribefichuddd¥; (sindicaéd BOQBhIDIARE Tn METdgddhd Gd034988
-25 1128). At time t2, sector C base station transmitter transmts a beacon
signal 13123% adipeell 13- carrier fI band 1102 (row 1132), sector A base
station transmtter transmts a beacon signal 1138 wthin the carrier f2
band 1104 (row 1136), and sector B base station transmtter transmts a
For example, the cell 1202 of Figure 12 may represent one of the cells in Figure 10, A

20  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
sector. In the same sector, the data signaling transmission power is transmitted at different
power levels for each carrier; the power level is represented by the radius of the line representing

25  the carrier frequency in the sector. Figure 12 also shows an exemplary wireless terminal 1212,
e.g., mobile node (MN), located with the exemplary cell 1202 near the boundary between sector
A 1204 and sector B 1206. The MIN 1212 is receiving beacon; signal (BN;) 1214 from A sector
BS transmitter, where the beacon signal (BN;) 1214 was transmitted with power level P and has
a measured received power at the MN of R;. The MIN 1212 is also receiving beacon; signal

30 (BNy) 1216 from B sector BS transmitter, where the beacon signal (BN3) 1216 was transmitted
with power level P and has a measured received power at the MN of R;. The beacon signals
1214, 1216 shown in Figure 12 may correspond to exemplary beacon signals as described in

Figure 11.



beacon signal 1142 within the carrier f3 band 1106 (row 1140). At time t3,
sector C base station 5 transmitter transmts a beacon signal 1146 within
the carrier f2 band 1104 (row 1144), sector A base station transmtter
transmts a beacon signal 1150 within the carrier f3 band 1106 (row 1148),
and sector WOHEHIMMIt|on transnitter transmits a beaconPEl/YseaN/mBIBE Wit hin
the carrier fl band 1102 (row 1152). The timng of the transmtted beacon
signal s can be such that tine desigri®ion tt occurs first, followed |ater
by t2, followed later by t3, and then the cycle repeats, 10 e.g.,
periodically over tinme. Figure 12 is an illustration 1200 of a exenplary

t hree sector 2 1206 - C 1208) . cell 120 lng three.carrier

f requenci es (%%aglfegél%]ts g'géléﬁt@ﬁ gen B%W%éﬁvgﬁéﬁg?@%k ﬂ‘%q’é&e R inas
Mz syst eirieFaeduetey thleREH@RERY of the icall, whdiedR P, DF;. datst Aflv 1 2708friespohieiol €gend
in row 15 1220 and in cell_ 1202. Carrier frequency f2 is indicated by

dot / dash dairiseFequsnesife; seeend w1222 gorresponss topatrierfreauency fzabird roxy k324,
frequency, hSad+QRdi S ' [ [ 4 and in
cel I To05°npb s 8 ChfiBt fituihe 3000 o 2o chiipbRTO RS Bab A pode D 1 e
cel I s i n tfanguisgorlBvel psec@B] dodwan $ 228 doomaspbRdOtolbeseadt @tbnatctonB powert teansmissiphe

cell 1202 can .transmni ata signa e.g. . downlink. traffic.channel signals
and cont ﬁ%\[egrt]lg.}'{miq@ E&ﬁ’r@rﬁeﬁnﬂgas é?lslﬁ @‘F@ﬁp ROXFT F@}S_“WS_&H@%H Ithe sect or
transm t tipseatiGie1 0 uBRAEY, isdBprRschtedHHlal dofled 1imd) S ByESAaBPNR), adevel for the
sane carrier in each sector. In the sane sector, the data signaling

transmi sdrearensy ety 4 dpsheddingrni tted at different power levels for each
carrigr; the power level is represented by the radius of the line

representing 25 the carrier frequency in the sector. Figure 12 al so shows an
exenpl ary wi r @Figagesl2 dsotinclatleslPdoinparisongpredictivnititde H28Hethétvbly bd wedbp the®Nh t he

exenpl ary |1 1202 r the bounda n sector A 1204 and sector B
P06, Th2F ia cesniate 98 eachistgon @atota LA dring erehcamtsr 41 okt WodERYBr s
transm t t;g¢; wiid %foﬁléﬂbﬁpéiﬁ%w BakoddBbitd A<l dindPe Naﬁﬁb%f@%%ﬁéﬁﬂtlﬁﬁ {nB spauer

|l evel P and has a neasured received power at the The MN 1212 is
al so r eceesiprmy (hewod thestagnets irgihe adireent septoe. TheMMNB1 2 dmews B fixednsni tt er,

wh t he .b ' | L (BN2) 1 tr. L1t ] I | . P and
s, o5re JEATRGTP 0B PO OB SINES 7 2 Br P b BB s K Ry Bt ™"
1216 showe valuckofiihe €able) usi)th€ Ableas poflattdepsasd BRfob &b of tiRiagaiddble as

described in Figure 11. WD 2005/109917 PCTI US2004/ 034988 -26 A table 1218
lists théPHRSaS-8y saFtomcasiepireqisey combiration aysilabley angmakesadeeisiondeeafding each

hand-offs. For example in the Figure 12 example, the MN 1212 can predict a measure of the

expected received power levels for data downlink signaling for each of the three carriers for

20  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
column 1244 lists equations used to calculate expected SNRs if the MIN 1212 connects to a
sector A BS transmitter, while third column 1246 lists equations used to calculate expected

25  SNRs if the MN 1212 connects to a sector B BS transmitter. First row 1236 includes equations
calculating expected SNRs if the MN 1212 connects via carrier f1; second row 1238 includes
equations calculating expected SNRs if the MN 1212 connects via carrier f3; third row 1240

includes equations if the MN 1212 connects via carrier f3.

30 In accordance with the invention, the MN may use different criteria to decide to which
sector/carrier frequency to be conuect to the BS. For example, some MNs may select to use the
connection with the best SNR, while other MNs may select to use an SNR that is acceptable for
the MNs data requirements but not the best, e.g., leaving the better SNR for another MN that



carrier frequency in each sector of the cell, where P1 > P2 > P3. First row
1220 corresponds to carrier frequency fl; second row 1222 corresponds to
carrier frequency f2; third row 1224 5 corresponds to carrier frequency f3.
First colum 1226 corresponds to BS sector A power transm ssion |evel;
second col uMP 293W9U3r r esponds to base station sector B POMES2004/630881 SSi on

| evel ; third colum 1230 corresponds to BS sector C power transm ssion
level. In the illustration 1200, fr€guency fl is represented by a dotted
line, f2 by a dot/dash line, and frequency f3 by a dashed line. 10 Figure
12 al so wmylremphérs thee dgivap davek dn spme dinbbdiments ablectichdigisionashaleynshier traffid by t he

MN 1212 tq,calcyulate SNR in ea sector (A 1204 1206) .usin ach carrier
and mkel%ﬁ@girgqqlrgwgnt.s HbtlﬁFéym'tcﬂ}\ﬁB‘GF Bmfi Hepfs Frgfﬁcﬁ@acﬁﬁxg WE%ﬁﬁ’é@t ed and
tuned t o oRRALEEEr aR@EAti8Y fr ugﬁuwyrl\}lnws'e RAEd iﬁ%iﬁfonﬁﬁﬁ&&cdﬁ@@%eﬁfhyttﬁk?b&@éﬂs! ers

in the adj acent sectors. 1212 knows the fixed 15 rel atiionship that
exi sts between P1, P2 and P3, obtains nmeasured values for R and R2,

I

conpuktes thepval 1 e bl 0 I t ed SNR
For edon of 't Rl aErrlbgdbn BRF ek T ¥h b8 ol Raf s Sy B TanCgORERS
conbi Inat bﬁthoﬁa/lﬁdabcﬁb lcen beoundd vtngtlisims i) id@mfh if the eell ﬁgﬁredlioﬂglé strae embbdifentsor )
exanple in_the Figure 12 ex e, the MN 1212 can predict a neasure of the
expect ed dHEER! betoRY Y SR A T ehaqffefrgmfmmﬁaﬁs, ®the
three Catbh@pindifl udSmifAlRHeAeddof BF beR6H ighal Bond i GAR MNSIT 1 sect or
B using the equations shown. Fromthose values expécted signal strength may
be obt ai gben sechat, thy bekicon igng) iwing the saxgeaoies drequeney hethehused té trarsit daga at

expected SNR may..be.cal cul ated. First cqlu 1242 lists the.carrier, used;
e apoth ® RS oftF i niehiS nostek Rvels o half  BpachR ot EE R @inat R o
MN 1212 giei@ed thels@maf tiaRtOfanfmBSich howemistigahat ciddiel frequbntyl Sigdilafly, id 246
lists equations used to cal cul ate expected 25 SNRs if the MN 1212 connects

to a seceEHien sects, e hercap sigagl using il sapgs gacrisnequeagy Aschatagerho tensmit dae @l at i ng
expect ed d datd : [ j SemiS BN .

I ncl udes tégg%%téagantgﬁ(%%@%uﬁétg Wﬁ‘g%%%@‘%%&ﬁvsef@ga?@? #3 Wﬁl 1%%6%:21\#%%@% Vi a
carrier fian thesumdofithaddt? dnsmissodnpesr exupthatomagier freqimmcN 1212 connects vi a
carrier f3. 30 In accordance with the invention, the MN nay use different
critdPia to decide to which sector/carrier frequency to be connect to the
BS. For exanpirfson@ifboliiNeentRy fiked 8444 trimiRnpoRer LAMORSHIP BEwek the ChgieREST
SNR, while other M\s may select to use an SNR that is acceptable for the
M\s dat asS¢reiggiasesienristiand inkpow, Eoriikal sectar by the Mdhy Ingpmerpamibpnsiraents, §RMNor

anot her %h?&lob%sagg%&@c%ga}%ufg tﬁyﬁﬁ@ %%e?e%%%%bsolute data transmission power
values from the relative data transmission relationships.
20

Although shown for an exemplary communications system with bandwidth divided
between 3 cartiers (frequency bands), the invention is applicable to other communications

systems with bandwidth partitioned into a different numbers of carrier slots in the system.

25 In some embodiments, various features or elements of the invention may be implemented
in part of a communications system and not implemented in other parts of the system. In such
an embodiment, the wireless terminals, implemented in accordance with the invention, may
utilize the beacon signaling features and method of the invention when available in making
decisions regarding inter-sector, inter-cell, and/or intra-sector handoifs.

30

For purposes of explaining the invention it should be appreciated that each cell includes
at least one sector and one base station. In some embodiments multi-sector cells and base

stations are used. Handoffs occur between sectors and/or cells. In the case of multi-sector cells,



-27 may require the higher level. In sonme enbodi nents, selection decision
shall consider traffic |oading requirenents in the system In sone

enbodi ments traffic loading information for a given sector and carrier
frequency may be included in the informati on conveyed by the beacons. 5 In
various enbd? H®917ach sector will transnmit a set of PERUSIS4/EABSt he t one
| ocati ons of those beacons can be used by M\s to identify the cell and
sector. In sone enbodi nents, differ@Bt beacon signals may be transmtted at
different, e.g., slightly different, power |evels, the correspondi ng

transm t ing@-celuewell ayinkes-cell hirdeffb ang@ocsi Ukt saseaf agildplovaries witken dls. 1 n a

gi ven sector, the beacon si | using the same carrier frequency as that
sed t o B {SAOP. g SPoRF DATSOT sy RO SN Iaita FaA SoriarioL AR SHOBHYS BRER Povel
shoul d ha¥&maibe 3h9dcd 1ARSHEREhL theRRINGY, e kN alvitsID MBiAmeN@forl I \RcRpEh@!f the

data transm ssion {)ower using that carrier frequency. Simlarly, in a given
sector, oher iguliop eyeraparations, ag. PRwesandfor timing eontro} whigh gegpesformerdby thised to

transgit _dat.a I SNS$4.0N e | d. h a
beacon « PRAURER b i Fvalipl bl BRI Bab Yo e G e VS
]E r anzI m;js & fidthepviacomaiunigatidialinks :ergi,mbniwgmsﬁnm.suﬂﬁasl fibes optic enbeellitidnt s, a

| Xxe ata transm ssion power relationship between e carriers serving a
sect or eNiakexdt betueenOng AHATC Hagh statipnp andlen befwesp tb%@ﬂﬁﬂes areSRARdg B 5K ment s,
the MN ot S GheiOBiRsBAfop.nformation allow ng the MN to determ ne absolute
data transm ssion power values fromthe relative data transm ssion

rel ati onships. 20 Al though shown for an exenplary comruni cations systemwth

bandwi dt h di vided . bet n_3 carriers (frequency, bands Jnventi.on is
appl Thabl e 1 oFigid EONAER pE afeRisler Aot AR e 1BPONEREREE | b0
a di ffer exdmplanresliss(calf 1 €307, tar 2 $30, sell 11306041308, celb5 131090ah estbodi ment s,
various features or_elenents of the invention ma)é nmented in part of

be i |
2 conmunindiseicahy 2sghd ips . (Ch colb(IBHBCRH 13A00EAB 1 310) earestnts the wiplsom | n

such. an eshose BRAor 4 1S, Whds @98 491AHAR o1 TRHGTEMARC b RAGPEEIABEAL 1 L1

the inventio lze t eacon”sI'gnal’ing ‘features an n%t od of the
i nvent i ofl36Rer304)V3106 1508, 1310)edspentivelyeCelbl d302 is e gmglti sactor el Eacheezildi 304,

interzce Lnfra-sector handoffs. For . of explaining the
1 s, TR Sh1 BABaRRE e IRRRE% 30 o0 ER BTN R RN 1,
sector amboatRBE29! fidisedtor ¢ N33 NEIENPIVE iNEIIMeR sEBibrt A 1328; storc® 1330, anl base
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

20 1392, carrier f; is indicated by a dash line as shown in legend 1394. Each carrier frequency fj,
f3, f5 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 transmitter power associated with the carrier in the given sector.

25 In the first cell 1302, the base station transmitter uses carrier frequency f; at a high power
level (arc) 1346 for communications, e.g., downlink traffic and control channel signals, from the
base station 1312 to wireless terminals 700. Carriers f; and f; are not used in first cell 1302 for

data communications.

30 In the second cell 1304, the base stations sector A transmitter uses carrier frequency f; at
a high power level (arc) 1348 for communications, e.g., downlink traffic and control channel
signals, from the base station 1314 to wireless terminals 700; the base station sector B

transmitter uses carrier frequency f; at a high power level (arc) 1350 for data communications;



stations are used. Handoffs occur between sectors and/or cells. In the case
of nmulti-sector cells, WO 2005/109917 PCTI US2004/034988 28 intra-cell as
well as inter-cell handoffs may occur. In the case of multiple carriers
within the _same sector, intra-sector handoffs may occur, Handoffs to a
sector of aWQIMMMG| ves transfers of information, phyBCTEB20D4G3a988
signaling including, e.g., device ID assignnents for a sector, and other
signaling | ayer operations, e.g., po®er and/or timng control which are
performed by the 5 nodul e(s) of the sector(s) involved in the handoff. Data
may be cdrbas staioe dedtorointransenigeaises carred fidgednbef; av b highqrownen ioval (arriS52) fok s,
e.g., non-wireless lin such as fiber optic or w i pks, that exit

bet ween ﬁéc?}FmHB‘P@OBﬁ'@’E?fég BYL ?ﬁ&?ﬂﬁe‘%&%@wcfﬁi%gﬁldétg correspondi ng
to the s&aBkisatRhs.2 Single base station. 10 Figure 13 illustrates an
exenplary w rel ess conmuni cations system 1300 including five exenplary
cells (cell 11302, cell 2 1304, cell 3 1306, cell. 4 1308, cell 5 1310), each
cell <indicat . |k ' ' h . ot 1308,
1310)5repr eseﬁlgbs?h{g c\?\/lﬁrl % é@serb%(szog\;getﬁgggecgg éﬁ@@bﬁ%&ﬁ%ﬁc aggeg% 8‘#?1“?%135} 1314,
1316, 13high pd@eyvdl (e}l Bb4dor dorenumntions, ef., tioenidrd traffi¢ A3D&ntrdBélannel 306,

1308, 1310), respectively. 11302 is a si | ector, cell. Fach cell
(1304, - 188hindronk 56 besesistion 318 wtirics tsmal §0t H BesBioB s B B, and C
Cell 2 iﬁ%ngﬂ\%'u%%&ﬁe?% en'é-y f21a32%@%ﬁ%ﬂ&v@(&éﬁ%ﬁ&%&@@&ﬂﬁu&a&%ﬁé- Cel |
3 1306 includes sector A 1328, sector B 1330, and sector C 1332. Cell 4

1308 i ncthedess sasionsectoy @ gausmitteroises capier $8guenants at e bighrpowet Byel (acp 1358for 1310
inclgges ﬁgctor A %ﬁ , sector B 1342, and sector C 1344. Carrier f, is

i ndi cat ﬁaﬁﬁmﬁm”HS? 28 1ine as shown in | egend 1390; carrier f2 is indicated
by a dot/dash line as shown in | egend 20 1392; carrier f3 is indicated by a

dash line as shown in Iﬂhigend 1394. Each carrjier frequency fl 2, f? is
associ at ed wi PhefourthsgilI30%, hehask Yatoay saoior Adransméies URSLAFIEE freqisneY fiot al  BW

and & he wRWAPEARRRLSaAERI 88 POILARRNGicalR, £RL U RARD akRineer!

dash/dot, or da Ine’1s icative of the fransmtter power associ ated
wi t h t heclzanelisignalsn friotnethg basestation { Hi8. to Mreless tetminklis 760; the bhse 5BEOH sackir Boase

statiipn {ransmtter uses carrier frequenc iLgh power | evel (arc)
a6 150, LB ol RreGRty Bl et Peertevellend 43 DR Bt oot s\ anal .
fromt heint@ﬁs&a@?@%pﬁan&%) § S64hridedaft s £ R BN pbwer¥hl (428y 1368'F6r daa and f 3
are not used in first cell 1302 for data communications. 30 In the second

cel | 130gommpzcHings the base siefontestop k- tnemias wies earrienfSeayiencs fs pitgh petiency f1
at -a hi O?)Hgﬁg,fﬁﬁg Fé(rﬁkr fe8dufehoyf? ] ifforti QI POWAUERE farc) 1390 ford | 1 Nk traffic

and cont
communications. Carriers f; and f3 are not used in sector A 1334 of the fourth cell 1308 for data
20 communications. Carrier f; is not used in sector C 1338 of the fourth cell 1308 for data

communications.

In the fifth cell 1310, the base stations sector A transmitter uses cartier frequency (f;, fa,

f5) at high (arc) 1372, intermediate (arc) 1374, and low (arc) 1376 power levels, respectively, for

25 communications, e.g., downlink traffic and control channel signals, from the base station 1320
to wireless terminals 700; the base station sector B transmitter uses carrier frequency (f2, s, 1)
at a (high (arc) 1378, intermediate (arc) 1380, low (arc) 1382) power level, respectively, for
communications, e.g., downlink traffic and control channe] signals, from the base station 1320
to wireless terminals 700 ; the base station sector C transmitter uses carrier frequency (s fi, £3)

30  ata(high (arc) 1384, intermediate (arc) 1386, low (arc) 1388) power level, respectively, for data
communications, e.g., downlink traffic and control channel signals, from the base station 1320
to wireless terminals 700, Thus, in the 5% cell 1310 there is full frequency reuse. In the first,



signals, fromthe base station 1314 to wireless termnals 700; the base
station sector B transmtter uses carrier frequency fl at a high power

| evel (arc) 1350 for data communi cations; WD 2005/ 109917 PCT/ US2004/ 034988
-29 the base station sector Ctransmtter uses carrier frequency f1 at a

hi gh power MEVAPSA04%E 1352) for data communications. CaPCi/esmod@smad f3 are
not used in second cell 1304 for data comunications. 5 In the third cell
1306, the base stations sector Atra¥ritter uses carrier frequency fr at a
hi gh power |evel (arc) 1354 for comunications, e.g., downlink traffic and
control cétrandend thidgeldsl (3307, rlﬁm tlleﬁ)bhﬁeis&tfﬁqhmylaise of @/3vdndéh elk2 9@ m nal s
700; the base station _sector m t uses carrier frequency f2 at a
hi gh powdFeTs B¢ ?%Xfeuf?%%ef%?"mfea e&%?ﬁ?ﬁ(ﬁ ‘ons; the base station
sector Ctransmtter uses carrier frequency f3 at a high power |evel (arc)
1358 for 10 data communications. In the fourth cell 1308, the base stations
sector A tran¥igue ]érfe%%ﬁéltsdhffﬁlie@trleﬁlwlf@qé%ncﬂ reuspthroughouta siistgm andveay | evel

(arc) <13 C nel
S anai’s. "rosg R NEh R i Biofe el o ARl Pl drinc N GE e o R
stati on dieaicell lmzjxﬁaytmmmhtr@iommre ﬂmrerﬂsaﬂovf nmqum(fyuét&naﬁs t@suppodner power
| evel r 36 r f3 at an internedjate power |evel (arc) 1364, and
carrier f"ﬁ'&]ﬁf ﬁlb%ﬂ }nap/ &GREpsept A 1egion Nipres aamglEB'r’FH}aﬁoégifqr% s: the
base st at gﬁﬂrrts%bﬁ?d ﬂi%rd SRIYOMA bl xﬁ’a%(%éprﬁsiﬁﬂu@éesﬁﬁzﬁﬁl PRGN InkJevels Jflsﬁﬁkboﬁower
(arc) 136 and carrier frequency fi' at an internedi ate power | (arc)

1370 f or Differant se@mﬂlﬁ%ai33ﬁ1é338¢9fﬁmé¢t§thfczﬂala@8 may rapsesapitdifferent regiorect or A

1334 ,qaf f f2 is not
used Py sasBth bR 5 diEhnibly BAR EBeGE RMRRGRLP A n alliBh e 702 "
]Ehe fi ftIdlf(f?éﬂccslla1&e¥stdideﬂé?}ﬁexﬁ:h?b&dh;&&ctﬁﬁlﬂeﬁnh o&}lﬁi@g@nﬂeﬁﬁ?ﬂ tois gdadr ri e (rj |
requency | 3) at hi arc 372, inter | at arc 374, an ow
(arc) 137HasBYRse risn}ey%ent PEREEERL - g,e'ra;sedl R hassisy zndio

downl i nK okl fidiE 1]1@1@&099%9&%&&2@3;1 BFln RERR) e diffet) femas BREGIS ot maa%ZO to
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f r equenc peqtdranayfddperfd ypon she licepsing agr@emm}s ah8/08 frequenciesrediilable forathe jerdis80, | ow
(arc), <1382 ecti.v for comunications, e.g., downlink
traf %lﬁc gﬁ(}d’l‘gedﬂwlfsgla{e%ﬁgmgﬁ odﬂtépgn}/fromthe base station 1320 to wirel ess
termnals 700 ; the base station sector Ctransmtter uses carrier frequency

(f3, fr, f2) 30 at a (high (arc) 1384, interpnediate (arc) 1386, |ow (arc)
1388) power | Bysome emhodimaants of|the prespat axgntion, 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

20 1402 illustrating base station attachment point transmitter deployment configuration broadcast
signal on the vertical axis 1404 vs time on the horizontal axis 1406. An exemplary broadcast
signal 1408 including information identifying current transmitter deployment configuration
status is shown, which repeats periodically as signal 1408', 1408", etc.

25 Figure 15 includes a drawing of an exemplary look-up table 1500 that can be used to
evaluate base station deployment configuration broadcast signals in an exemplary embodiment,
WTs 700 can store the information in table 1500 and use the information to process received
broadcast signals, e.g., signal 1408, to determine the status of the corresponding BS transmitter
and properly configure the WT. First row 1502 of table 1500 identifies that first column 1504

30  includes information on the transmitter sector designation and that second column 1506 includes
information on the deployment level cell status in terms of cell type. A first field in broadcast
message 1408 can include the transmitter sector designation, where: a valae of 0 identifies a 1

sector cell that is not partitioned and which uses a single transmitter, a value of 1 identifies a



conmuni cations, e.g., downlink traffic and control channel signals, fromthe
base station 1320 to wireless termnals 700. Thus, in the Sol cell 1310
there is full frequency reuse. In the first, WO 2005/109917

PCT/ US2004/ 034988 -30 second and third cel I s (1302, 1304, 1306) there is a
frequency r MBEEIHY3 and in cell 2 904 there is a freRUBHSPOLBESE T at e
sonewhere between 1/3 and 1. Figure 13 represents different |evels of
frequency reuse throughout a systemedld may 5 represent a systemin an
internedi ate | evel of deploynent in accordance with the invention. The

first celskctd30 Rammitterepraseot2 mlentifipsasestbied eatshene, sl avdlasofiidiseificst
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at the particular point in time. [n some enbodi men the present

i nvent i omtatipmsecksg srangnitied deploymenistonfigeraigon. r ansnit  br oadcast signals on a
peri %;l c basis, the broadcast signals including information identifying the
base 'Station transmtter's current deploynent configuration. Figure 14 is an
exenpl ary dr aBgng Paldotiacluidsl taisie 1550 wigichBRetr&ésaixeplagy indssapefiéld pforttation
transmtter %ﬁl oynment configuration broadcast, aﬂ?nal the ver | cal axis
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1408", etl300;238coRd golupnl554 :ﬂehuﬂﬁshatrmsanﬁangeomr dasigmationphbae proadodst; dpird abl e

1500 ,t.hat _can u Iuat ation,depl oynent configuration
br oa&gastc @P&Agsé ‘feﬁg%‘?ﬁb&gt@ ?‘P@ﬁ aloet?\‘i"ﬁ%f\g can store the
information in table 1500 and use the |nfornat|on to process received

br oadcast si gnal S, gl aégnal 1408 to determne the status of the
cor r espondi ng ggrq}ﬁatﬁ Helestadrawing @f pp pscgmldwfl@%%tabhelﬁwﬂwtpmeqsm 1502
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embodiment. WTs 700 can store the information in table 1600 and use the information to

20  process received broadcast signals, e.g., signal 1408, to determine the status of the
corresponding BS transmitter and properly configure the WT. First row 1602 of table 1600
identifies that : first column 1604 includes information on the transmitter sector designation,
(second, third, fourth) column (1606, 1608, 1610) includes information on the deployment level
information on carrier (f}, f2, f3) in terms of power level, respectively. A first field in broadcast

25  message 1408 can include the transmitter sector designation, where: a value of 0 identifies a 1
sector cell that is not partitioned and which uses a single transmitter, a value of 1 identifies a
sector A transmitter, a value of 2 identifies a sector B transmitter, and a value of 3 identifies a
sector C transmitter. In this example, for the purposes of explanation, it is assumed that there
are three distinct types carriers and three distinct power levels in the system, as shown in Figure

30  13. The (second, third, fourth) field of message 1408 each includes a value used to determine the
deployment level in terms of power level for the corresponding carrier, where a 0 value indicates
that that carrier is not used, a value of 1 indicates the carrier is used at a low power level, a value

of 2 indicates the carrier is used at an intermediate power level, a value of 3 indicates the carrier



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
desi gnation, where: a value of O identifies a 1 sector cell that is not
partitioned and which uses a single transmtter, a value of 1 identifies a
VO 2005/ 109%020pf/1P02132004/ 034988 - 31 sector A transnittRECT/USROMGAISWES Of 2
identifies a sector B transmtter, and a value of 2 identifies a sector C
transmitter. In this exanple, for thé2purposes of explanation, it is assuned
that there a five distinct types of deployed cells in the system as shown
in Figur @madat'ﬂ’tﬂgbgmﬁde\fei[ eTlet WIT useEihé daaddedO8essiel 1406 $o detvradinethedegd t 0
determ ne the de rrent Jre evel cell type, where a 0 value 5 indicates a cell
of type Station segt H‘Fr ploypeRLfoafigyation | of type 1304, a value of 2
indicates a cell of type 1306, a value of 3 indicates a cell of type 1308,

and a value of 4 indicates a cell of type 1310. The W having stored
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between the successive bands. In this example, the tone spacing, between the highest tone of

20 band 1 1708 and the lowest tone of band 2 1710 is equal to a tone spacing of one; similarly the
tone spacing between the highest tone of band 2 1710 and the lowest tone of band 3 1712 is

equal to a tone spacing of one.

Figure 18 is a drawing 1800 illustrating an exemplary bandwidth partition including 3

25  frequency bands each corresponding to a different carrier in accordance with the present
invention. Figure 18 includes a horizontal axis 1801 illustrating frequency. The bandwidth is
partitioned to include (band 1 bandwidth 1808, band 2 bandwidth 1810, band 3 bandwidth
1812), each associated with a corresponding carrier frequency (f; 1802, f> 1804, f5 1806). The
bandwidth in each band (1808, 1810, 1812) is partitioned into a set of tones, as illustrated by

30 cxemplary tone 1814. Tone spacing 1816 within each band, is equal to the width of one tone
and exists between each of the successive tones in the band. In the example of Figure 18, each
band has an equal number of tones, and there is a band spacing gap 1818 between the successive

bands which equals the tone spacing width 1816. In this example, the tone spacing between the



sector Ctransmtter. In this exanple, for the purposes of explanation, it
Is assuned that there are three distinct types carriers and three distinct
power levels in the system as shown in Figure 30 13. The (second, third,
fourth) field of nessage 1408 each includes a value used to determ ne the
depl oyment W@?eI5/1091% erms of power |evel for the correspemdiseasonmwss er
where a 0 value indicates that that carrier is not used, a value of 1
indicates the carrier is used at a |-8% power |level, a value of 2 indicates
the carrier is used at an internediate power |evel, a value of 3 indicates
t he car r highest¥on2 6Dbah#19RDE aRCiHc US2EOthhe 388:HA 2 183Q is aqubied taidie spadihgbf power

| evel . The W uses.the broadcast nessage 1408 t.o term ne the base tation
sect or tF%é’lWlfafl&rthﬁ Fﬁmcbe%?ﬂ“i%f‘&qubtﬁm ?tflij'ﬂag 1%60 &P‘g@eil?ﬂé?sb@égo abl e
1650 whi pdhdid 181344 Rfudisto WteRENpasiNg BB%®age field information 5 for broadcast
messages fromthe various transmtters identified in exenplary system 1300.

First row 1652 identifies titles for each colum. First colum 1653

identifies t tr ] e} i, .. 1300; m..1654 jdentifies
t he t#ansrri t?lglgurg gtﬁgar&ltgérfgg{r?gﬁilon&g%%.é%?%ﬁwg&ﬁtﬁp 1011*1181‘\]1 I]ﬁ%lfifth)
col um ( frépfencyllséngs eath 6Ojrespoeding fo odiffedast dafriea dicasdrdendelieitle e pesemndi ng to
the power | evel_ of &ﬁi@' oynment for each of the (fl carrier as used
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to a different carrier in accordance wt e present 1nvention. Figure 17
i ncl udes 2 2heatlvasscidtedwith a t@ddspphdingeardgrifreguéncy (u dA03,.f2 THH, Hd9ao. diha i s
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Is partitioned into a set_of tones, as illustra by exemplary tone 1714.
Tone spadldfyiststetveeagae ofithe pysaessive tanepin thyeando hthecxpple of Eiapee ) sackn of

t he succ i Qﬁﬁmﬁ %XAIRES i i -equal
nunber o tcl)l\éggf écgln t ﬂee?gfﬁbgesﬁo gaéx%1%%?@%%?1}%&&%22?3%9Eﬂaé%ggc.%&lnﬁeqt hi s
exanpl e, bande whizh eqeglatirsegimdsshevmae spabing widthd 916.t lnnariofis @0bdsianentd, hkd@ndnd t he

| owe tone of band .2 1710 is. e | to ato paci of, one;_ simlarly the
t oneT patiae cuiAdty nerest PRSP imal aficbgngi6 % 1ohia S 1 BREb % one. of
band 3 1lifthes, e®., 1RAYM spabind wi@Re ISPAGKAdpIeSf the e sty Rtiéen the Hi]gﬁiésﬁtMnélﬂf 1800
Illustrati ngdq%ggexerrpl ary bandwi dth partition including 3 25 frequency

bands eak#d apbihailewest tong ofibandey AP isequelite g tong spacing abisuetings Hidihe
present 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.
20
Figure 20 is a drawing 2000 illustrating exemplary OFDM signaling, e.g., downlink
signaling, within three sectors of the same cell. Vertical axis 2002 represents sector 1 OFDM
signaling while horizontal axis 2004 represents time. Exemplary successive sector 1 OFDM
signals are shown as successive rectangles 2006, each rectangle corresponding to an OFDM
25  signaling during an OFDM symbol transmission time interval. Vertical axis 2010 represents
sector 2 OFDM signaling while horizontal axis 2004’ represents time. Exemplary successive
sector 2 OFDM signals are shown as successive rectangles 2008, each rectangle comresponding
to an OFDM signaling during an OFDM symbol transmission time interval, Vertical axis 2012
represents sector 3 OFDM signaling while horizontal axis 2004" represents time. Exemplary
30  successive sector 3 OFDM signals are shown as successive rectangles 2014, each rectangle
corresponding to an OFDM signaling during an OFDM symbol transmission time interval. The
three time axes 2004, 2004' and 2004" are equivalent.



I nvention. Figure 18 includes a horizontal axis 1801 illustrating frequency.
The bandwidth is partitioned to include (band 1 bandw dth 1808, band 2
bandw dt h 1810, band 3 bandwi dth 1812), each associated with a
corresponding carrier frequency (f1 1802, f2 1804, f3 1806). The bandw dth
I n each banq%éﬁggﬁf 1810, 1812) is partitioned into a set of tones, as

i1 lustrated 3%€nplary tone 1814. Tone spaci ng 1816PUT/UBI0M/3a%88 band,
is equal to the width of one tone and exists between each of the successive
tones in the band. In the exanpl e of-3% gure 18, each band has an equal
nunber of tones, and there is a band spacing gap 1818 between the successive
bands whi ch eljgad be atiservedingFigya @0 tizpt wiedRFDMIS ¥@boll transissioatiamyihtervalsaee t one

spaci ng bet n VWO 2005/ 109917 PCT/ US2004/.034988.., -3 i ) one of

band 1 1575@%\%%&6 ‘% E%WF%W&ﬁ"?eos_r?gtoﬁs‘far%%&";yltgﬁﬁfweggﬁlﬁw%%‘r‘gﬁ#a?ﬁbeipaci ng of
two; si Myéreitdl Yines 20261 BNOnTRWoAENMR, RE M6 fitcdgihg be&s Béwba@e 2 1810 and
the I owest tone of A band 3 1812 is equal to a tone _spacing of twd. 5 Figure

19 is a WM sRstore dlee fixad pdfepts predgtermined enddmans) 1o Hig PRpetaigRAnE witelRss i ncl udi ng
3 frequgpgiaRands each corresponding to a different carrier in accordance
with the present invention. Figure 19 includes a horizontal axis 1901
illustrating frequency. The bandw dth is partitioned to include (band I

bandwi dt h 19 band 2.bandwi.dith 1910, band 3 bandw dth 12), .each
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1906) . ThenskBssRapdweetidn differ&Reirribanded w8 thek8He sectlotkhd SanRaelli thi oned into
a set of tones, as illustrated by exenpl ari;wterone 1914. Tone spaci ng 1916
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three sectors, of the sanme cell. Vertical axis 2002 represents sector 1 OFDM
e.g., a high power level Py, and an {3 beacon 2122 is transmiitted at a beacon power level Pg. :

In some embodiments, the beacons signals are transmitted at different times than the
20  ordinary signaling. The beacons signals are transmitted relatively infrequently in comparison to
the ordinary signaling. The ordinary signaling in different carrier bands is transmitted at
different power levels, while the beacon signaling in the different carrier bands is transmitted at
the same power level, in this exemplary embodiment. The power level of the beacon signal on a
per tone basis is significantly higher than the per tone power of an ordinary signal.
25
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. Vertical axis 2202 represents average power while
horizontal axis 2204 represents frequency. Three frequency bands (fy carrier band 2206, f;
30  carrier band 2208, f; carrier band 2210} are used. Block 2212 represents carrier band f; signals
using a low power level for non-beacon signals which are transmitted at average power level Py
2218. Block 2214 represents carrier band f; signals using an intermediate power level for non-

beacon signals which are transmitted at average power level P, 2220. Block 2216 represents



signaling while horizontal axis 2004 represents tinme. Exenplary successive
sector 1 OFDM signals are shown as successive rectangles 2006, each
rectangl e corresponding to an OFDM 25 signaling during an OFDM synbol
transmission tine interval. Vertical axis 2010 represents sector 2 OFDM

si gnal i ng WAOI229518991Zont al axi s 2004' represents tine. BCIMHE6040398CCESSi Ve
sector 2 OFDM signals are shown as successive rectangl es 2008, each
rectangl e corresponding to an OFDM-8bgnaling during an OFDM synbol
transmission tine interval. Vertical axis 2012 represents sector 3 OFDM

si gnal i nguméribasd RGignalbmkiak adidhpoRROEvelfopidsiaten digmis winse ool thinymi3ed at
successi ve sector 3 D%%: gnal s are shown as successive rectangl es 2014,
each rect'srge BoVedrYLEpétafing to an OFDM si gnal i ng during an OFDM synbol
transmission tine interval. The three tinme axes 2004, 2004' and 2004" are
equi val ent. WD 2005/ 109917 PCTUUS2004/ 034988 -34 It can be observed in
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the base station and wireless 5 termnals. Figure 21 is a draw ng 2100
illustrating an exenpl ary enbodi nent of base station sector transn ssion
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| evel, e.g., a low power |evel PL, and an f1 beacon 2118 i1s transmtted at
a beacon aipeshand cpppared iq the table te deqlk uprang gatgrming 8w corigrneadipg seth andéerc on

signal s . L AN . . PP R0 P

it or mad o e bE Rk 958 nBuiATA R Gt rdilin
beacon pidesifying vtel depByment letdiecli Gpe axlne and thasmtold dddwan dichading then- beacon
signals 2116 are transmtted at a third power |evel e..g.,, a high power
eoel? PRI RETROTRmon Bt i ANe dc s Sy St ebel e
In sone @RROGNSEPS §f cellPErhRBAR Fitird | U TRbiberdnthodimdhidTdtt@sht ahmbbdk besgnt tines
than the 20 ordinary signali ng. The beacons signals are transmtted

rel ati velypesiand pesaibten Bespnil jow 8 gnondnto expraplerydield302 sypghéirdmgy 2306
or di nar ye 3l giahl R%el1" 364 fypE! i £V 5308 coRBRORas 5 ekEANER dehi9906ype; fifth
row 2310 corresponds to exemplary cell 1308 type; sixth row 2312 corresponds to exemplary
20 cell 1310 type. Each row of the stored table 2300 providing the WT with information to
determine the transmitter configuration in the identified cell, e.g., in terms of which sectors use

which power at what power levels.

Figure 25 is a drawing of an exemplary system 2500, in accordance with the present

25  invention, illustrating that the exemplary base stations are connected by a network, e.g., a
backhaul network. The exemplary system 2500 includes cells (2502, 2504, 2506, 2508, 2510)
each corresponding to an exemplary base station (2512, 2514, 2516, 2518, 2520), respectively.
In exemplary system 2500 each base station (2512, 2514, 2516, 2518, 2520) is coupled via
network link (2526, 2528, 2530, 2532, 2534), respectively, to network node 2522, e.g., a router.

30  Network node 2522 couples the network node to the Internet and/or to other network nodes, e.g.,
other base station, AAA server, home agent nodes, etc. Network links (2526, 2528, 2530, 2532,
2534) may be, e.g., fiber optic cables. System 2500 also includes a plurality of WTs. Wireless



different power levels, while the beacon signaling in the different carrier
bands is transmtted at the sane power level, in this exenplary enbodi nent.
The power |evel of the beacon signal on a per tone basis is significantly
hi gher thanB&Pf ﬁer t one power of an ordinary signal. 25 Figure 22 is a
drawi ng 220 9 5??§ting an exenpl ary enbodi nent of basBCEUS20D434988Ct Or
transm ssion power for different carriers used within the sanme sector of the
same cell, in accordance with the pdésent invention. Vertical axis 2202
represents average power while horizontal axis 2204 represents frequency.
Thr ee f r egowalsye.HaWds 700 suchaas NINs, nipymobve 2ipeygtont B0 system iand edtabligh #208ss f 3

carrier nd. . are..used, Block 2212 represents.carrier band fl signals
using a F%WB%‘\ZA’%??’?SS\?%PH‘? 56}0“}{3#%1 e Béﬁogﬁisg%&gzﬁ%‘fa@%glﬁpransm tted at
average power |level Pl 2218. Bl ock 2214 represents carrier band f2 signals

using an internedia wer |evel for non- beacon signals which are_
Lransm tted doERSARseD. Bogi 25040 isteps (hRs 1 BRGER 200t aPicsi 46 Hlogearlnes,

2005/ 30994t 308 Qd4Hd HRET, regr%gti\\%ﬂ_f. | &fch 0adt ahdvof LA gga%elé? b R&krige 91 90
power |evel for non-beacon signals ich are transmitte average power
| evel P3ingizaed by thetpresercecofjal type of dimb,cadid therrelative Fiegpthds BRlicataddrydhd distan®dB
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2222. Figure 23 is an illustration of an exenplary W' stored | ook-up table
(e.g., a detailed_ representation) that nmay be used by the WI to eval uate
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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

20  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
period and may include a plurality of signal tones, each signal tone corresponding to a different
frequency and being a different signal component. As discussed above, a high power
narrowband signal, e.g., a beacon signal, is periodically transmitted in the downlink for each

25  carrier frequency using a known power level which may be the same for the different carriers
used in a cell or sector. In addition, in various embodiments the base station transmits cell
and/or sector type information which can be used by a wireless terminal to determine the cell

configuration and/or carrier frequencies available.

30 Operation proceeds from signal receive step 2404 to step 2406 wherein a time to
frequency signal conversion operation is performed using, e.g., an FFT or DFT. This produces a
plurality of signal components corresponding to different frequencies, e.g., one signal

component per tone used in the system within the frequency band corresponding to the received



20 cell 1310 type. Each row of the stored table 2300 providing the WI with
information to determne the transmtter configuration in the identified

cell, e.g., in terns of which sectors use which power at what power |evels.
Figure 25 is a drawi ng of an exenplary system 2500, in accordance with the
present 25WORIEWPBA, illustrating that the exenplary RERULOMIBH8E are

connected by a network, e.g., a backhaul network. The exenplary system 2500
i ncludes cells (2502, 2504, 2506, 2588, 2510) each corresponding to an
exenpl ary base station (2512, 2514, 2516, 2518, 2520), respectively. In
exenpl ar yigsal s Open2G0Rroezdh frbmsstepsidQ6 twostep 28 yhe@bdestidatetof RSk sigRH20) i s
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and there is a fixed Known power relationship, e.g., a power offset,

bet ween isHuarther prosessedingtepgidié whes eagovesed intstepdi2.er ent 15 carriers when
transgritting signals in a dowlink. A control nodule in the WI' nenory, when
executed by a processor included in the WI, may cause a WI to performthe
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Then, in step 2416, based on the frequency of the received beacon signal and, in some cases
20  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
corresponds. The determined information is supplied to step 2424. In step 2424, the cell type
and/or sector type information, corresponding to the network point of attachment from which the
beacon signal being processed was received, is used to access stored cell and/or sector
25  information and to retrieve information on the available carriers in the sector and/or cell
corresponding to a received beacon signal. In step 2424 information on the relative power levels
at which signals are fransmitted on different carriers in the cell from which the beacon signal

was received is also retrieved. The retrieved information is supplied to step 2418.

30 In step 2412 which can be performed in parallel with step 2414, a link quality estimate is
generated based on the energy of the received beacon signal component. (For example, Qual link
carrier 1 = energy of beacon signal component corresponding to carrier 1.) The link quality

estimate may be a simple measure of the energy that was received in the beacon tone, e.g., in



20 network attachnment point of a base station, e.g., sector transmtter
corresponding to a particular carrier frequency. The signal may correspond
to, e.g., a single OFDM synbol transm ssion tinme period and may include a
plurality of signal tones, each signal tone corresponding to a different
frequency aW@ MEYNYP!A different signal conponent. As di SRORES0044B498%, a hi gh
power narrowband signal, e.g., a beacon signal, is periodically transmtted
in the downlink for each 25 carrier-38requency using a known power |evel
which may be the sane for the different carriers wused in a cell or sector.
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sector type information. Cell type and/or sector type information is
further processed in step 2424 when recovered in step 2422. 15 |f a signal
conponent i s @RAreanpiege %ﬁ?ﬁ%%‘d@@ﬂ@?@d&d@&ﬂ‘&gé@éﬁpgﬂ%dﬂ steR step

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

20  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
carriers are compared to identify the best link. Operation then proceeds to step 2428 where a
carrier and/or network attachment point is selected based on the link quality estimates generated
from one or more received beacon signals, €.g., the link which has the highest quality value is

25  selected. Operation then proceeds to step 2430 where a handoff is initiated to the network
attachment point corresponding to the selected link if the network attachment point is different
from the one being used and various handoff criteria are satisfied, e.g., the new link quality

exceeds the current link quality by a particular amount.

30 If a handoff to a new network attachment point is initiated in step 2430, the receiver will
adjust its transmission power level as a function of the power difference between the currently
used downlink carrier signal and the power level of carrier signal used by the new network

attachment point. This may involve adjusting a received target power level used by the mobile



2410, operation proceeds to steps 2414 and 2412 which can be perfornmed in
parallel. In step 2414 the frequency of the received beacon signal
conponent, e.g., beacon tone, is determned. Then, in step 2416, based on
the frequency of the received beacon signal and, in sone cases 20

i nf or mat i onWaFSW10MHEvi ousl y recei ved beacon signal s, i rf@HER040M4%DNYeyed
by the beacon signal , e.g., a cell type, sector type, and/or a carrier
frequency to which the beacon signal-39corresponds. The determ ned
information is supplied to step 2424, In step 2424, the cell type and/or
sect or t yp@nipafechertrbnsorissicnopoves okdised) Thus| ik Sudtndmbudkmens, the mbbikd widlc hnent
fromwhich th eacon sjgnal hein rocessed .was yeceived, is used to
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on the ayginkeRb@t@frbinSitchite i£nSEaERbrehEdtRfierdt pbint. cOrresponding to a
recei ved beacon signal. In sgep 2424 information on the relative power

| evel s at which signals are transmtted on different carriers in the cel
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i n par al htedchmedtipofitt éyxhe dakde asathdticoitermydeinigysebby the VT osif tgcimdoff efiteiaaed on
the energy of the received beagon signal conponent. (For_ exanple, Qual |ink
carrier B Sé%egyoBFraB%‘hE’@ﬁceéf R SEPFAR HeTiEP 2407 viasroResting “ngge%?’?-er 1.)
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received in the beacon tone, e.g.”, in W 2005/109917 PCT/USZ2004/ 034988 - 38

some embouroignasisit is the val ue generated in energy estimation step 2408.
The b&)nk quality estimte value, e.g., nmeasured energy value, is supplied
to stép 2418 where it is used in conbination with the information obtai ned

from step 242MumeéroisivatatipnPdhlie abdveldesttibed fytheds indRipparatik areqobgblal SBoméor one
or nore other carriers which used to establish a comrunicati ons
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are generated using the known power relat etween carrier signals in
t he sectowemioncel |. For exanple, a link quality estimate for a second

carrhgzr can be generated froma link quality 10 estimate corresponding to a
first“carrier by nultiplying the estinmate by the ratio of the second

carrier powernl el exbiplabeethbddiert idéntiied B?Wndnﬁ:&‘fﬂ lsydtém@1) in @gkxa@pld | Nk
carrier 2 = Qual link carrier 1 tinmes (P2/P1) ). Simlarly, a link quality
for a |iifidimelite A commUBisabens SIS HOMPUSInEQR Rlutakity of mybwestoriellsdnelpding Amy be
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power | ewfdectofs, $defitshandsecond multi-sector cells being physically adjacent ceils, wherein said
20  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
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; and wherein said second multi-sector cell
includes a second base station that uses said first and second carrier frequencies in a first sector
25  of said second multi-sector cell. Exemplary system (1)} may further include a communications
link between said first and second base stations, said communications link being a link
implemented using at least one of a fiber optic cable and a metal cable. In exemplary system (1}
the plurality of multi-sector cells further can include a third multi-sector cell, said third multi-
sector cell including a base station which uses at least said first and second carrier frequencies in
30 each of the sectors of said third cell which results an exemplary embodiment (s). In the
exemplary embodiment (3) the base station of said third multi-sector cell further uses a third
carrier frequency in each of said sectors of said third multi-sector cell; and wherein a first

frequency band is associated with said first carrier frequency, a second frequency band is



15 carrier to the first carrier (e.g., Qal link carrier 3 = Qlink carrier
1 times (P3/Pl) ). Operation proceeds fromstep 2418 via connecting node A
2420 to step 2422, In step 2422 the generated link quality estinates(s) are
stored along with carrier frequency and/or cell and sector information used
to indi cat eMOrFEOEPMBr k at t achment point to which the i rROTNUSI0EI03288 | i nk
quality estimtes correspond. From step 2422 operation proceeds to step 2424
where the energy based |ink quality4@sti mates corresponding to different
network attachnment points and/or carriers are conpared to identify the best
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various el enents_and/or steps, can be conmbi ned in accaordance with the
each of said first, second, and third frequency bands have a bandwidth which is 2 MHz or less
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).
20
In still other versions of embodiment (3) one carrier in a sector of a cell is transmitted at
a different power level from another carrier transmitted in a sector. Once such embodiment will
be referred to as embodiiment (10). In one version of embodiment (10), each carrier in a sector
of a cell is transmitted at a different power level from any other carrier transmitted in a sector.
25  Such an embodiment will be referred to as embodiment (11). In some versions of embodiment
(11) a fixed average power difference is maintained between carrier signals transmitted within a
sector. Such an embodiment will be referred to as embodiment (12). In one version of
embodiment (12) the average power difference is at least 3 dB. In another version of
embodiment (12} different power levels are used for the same carrier frequency in adjacent

30  sectors of a cell that transmits multiple carrier frequencies in each sector such that no two sectors

within a cell use the same power level for the same carrier frequency.



invention. 15 In a first exenplary enbodi nent identified by the nuneral

system (1) in this exanple, is direct to a comunications system
conprising: a plurality of multi-sector cells, including a first
multi-sector cell and a second nulti-sector ceII each nmulti-sector cel

i ncl udi ng a W PS1999Y  of sectors, said first and secondPETUSive&wasssr cel | s
bei ng physically adjacent cells, V\/nerei n said 20 first nmulti-sector cell

i ncludes a base station that uses a-4lngle carrier frequency in each of a
plurality of different sectors of said first cell, a first carrier frequency
bei ng used i ninantivesion®€ embodimefit (9peadh b'asrestauo&iﬂclmladnﬁamefom‘cdxtmﬂrmgiemh bei ng
used in a second ector (géailéld first nulti-sector e first and
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can include a third multi-sector cell, said third nulti- sector cell
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frequencies 'Iﬁs%&e%ﬁlbn@f)féﬂﬁmﬁﬁ@ﬂt‘éiﬁﬂgmgﬁb&vér%ﬁgwﬁﬁidm s vegGonl ts an
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station of said third nulti-sector ceII can use a third carrier frequency
in each of said sectors of said third nulti-sector cell; and a 5 first
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the first and
embodiment (19). In one version of embodiment (19) each carrier frequency has a bandwidth of

20 less than 2 MHz associated with the carrier frequency.

In some versions of embodiment (3) each carrier in the first cell is transmitted using

approximately the same power.

25 In some versions of embodiment (19) each carrier transmitted in said first sector of said
second cell which uses said at least two carrier frequencies transmits said carrier frequencies at
different power levels. Once such embodiment is referred to as embodiment (21). In some

versions of embodiment (21) said power level difference is at least 3 dB.

30 In some versions of embodiment (17) the base station in each cell includes at least one
sector transmitter for each sector of the cell, each sector transmitter transmitting OFDM signals
into the sector to which the sector transmitter corresponds using one or more carrier frequencies

used in the sector into which the transmitter transmits the OFDM signals,



10 frequency bands being separated by an integer nmultiple of the tone
spacing within the first and second frequency bands. Such an enbodi nent
will be | abel ed enbodi nent (5). In enbodinment (5) the integer multiple of
the tone spacing can be less than 10. In sone versions of enbodi ment (3)
the int egeerh}P‘?si"B?S‘é" of the tone spacing is 1, said firSRCTAIRGOHIBR]
frequency bands being separated by the spacing between a single pair of
adj acent tones in said first frequenré® band. In 15 sone versions of

enbodi ment (5) said integer multiple is 0, said first, second and third
frequency bands bei ng conti guous frequency bands. In sone other versions of

enbodi nment ( each of sai Lrst, second frequenc ds have a
bandwi dt h whi'8 T8 VISR © S hadisbdi ()i waein Aprandties o STRRARE ccupi ed
by said Bch adefit atleabiie of sdultifirst, %nﬁldﬁ@thnﬁ'ﬁgﬂéj 'tl'[@diﬁdglé!\&écfor%ll mefulinged to
as enbodi nment 92 20 In still other versions of enbodi ment one carrrer
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transmtted within a sector. Such an enbodiment wll be referre to as
enbodi nesriqrfpyuency towanswétsignals in pachsatiornftemiourth 2911,t8ﬁ1d singter cagrEet power
diffegre t anot her version of enbodiment (12)

di ff@re%‘%rl)ﬂ‘:I§ eﬁ&% sﬁrgtr eé%u for the sane carrier frequency in adjacent
30 sectors of a cell that transmts nultiple carrier frequencies I n each

sector such tp at. no . sectors = w.thj use the sane, {3 | evel for
the same car rpRthere to\ﬂﬁyﬁt@)’@ﬁmﬂﬁg@ﬁn Preoy dnyensorywil nowbe | n one

version &Ecmoﬁh%ﬁnﬂ%} eRB6MmMRASRIlIYeatieABd {0k cHbBEinReN? ERbodRBAI | | Ng
each sector transmtter’to periodically transmt a narrowoand signal at a

hi gh povie rilrbcétvbﬂo agersRihcatiom pysteay lngblémgfacfnst@oumduﬂmga Hrstibaseswatiomwhishet or
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5 tinmes ﬁé@emyebaggum\wrsm‘am@ bageRRith 36 iraRmCnNeY eatinofarhfisg kédosd andSuch an
enbodi nent will be_ referred to as enbodi nent In sone versjons of

enbodi nethird geckyrs.t hEirshiapacondie #arrardrqammngn@ngrmg uses] sgidfirstnsecond and

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

20  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
said fourth, fifth, and sixth sectors. In some versions of embodiment (27) the second base station
transmits signals using the first carrier frequency in each of the fourth, fifth and sixth sectors
using different average power levels in each of said sectors. Such an embodiment will be

25  referred to as embodiment (28). In some implementations of embodiment (28) the second base
station transmits signals using a second carrier frequency which is different from said first
carrier frequency in each of the fourth, fifth and sixth sectors using different average power
levels in each of said sectors for signals transmitted using said second carrier frequency. Once
such embodiment will be referred to as embodiment (29). In some versions of embodiment (29),

30  known as embodiment (30), the second base station transmits signals using a third carrier
frequency which is different from said first and second carrier frequencies in each of the fourth,
fifth and sixth sectors using different average power levels in each of said sectors for signals

transmitted using said third carrier frequency. In one version of embodiment (30) which will be



signal, beacon signals corresponding to different carriers transmtted by a
sector transmtter 10 being transmtted at predeterm ned known power |evels.
Such an enbodinent will be referred to as enbodinent (16). In sonme versions
of enbodi nment 316) beacon signals transmtted by a transmtter are
transm t t edVARVSARHNe power |evel for all carriers w tPETAS20048898% . Such
an enbodinent will be referred to as enbodi nent (17). 15 In sone versions
of enbodi nent (3) each nmulti-sector 48| in said conmunications system

i ncludes three sectors. In sone versions of enbodi nent (1) each carrier

f r equencyeféreed taas ¢rabaiivinent(3 bfa fast fregasicy baldHs asmsiaedaritdand indluddseaid dirsti er
frequency; .a each cel | es a total bandw dth of. roxijmately 5. VHz.
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than 2 Moz associated with the carrier frequency. In sone versions of

enmbodi methe firss segondiangd dhird frpquepcy; baads heing nanequerlpiping Heduene) kandy el the same
approxi ngtely the same power. 25 In sone versions of embodinent (19) each

carrier transmitted in said first sector of said second cell which uses
said at least two carrier frequencies transmts said carrier frequencies at

di fferent power |evels. Once_.such.enbaodjnent is referred S di ment

(b1 ST Tn bl et ot vepon ot BRMIERR b TRt B dsitudodiert PR R e |6 a
| east 3 i, s&ddnll anS MR NeRQG&ICcy Bandifis KTORCT WBBE widd Dt idt@nd?é 8Rin 2Vt Midd. N each
cell includes at | east one sSector transmtter for each sector of the cell,

each sechuat leaptpe yersiaarof epmbadiment (3Ahtheormoppd fedlisansmitp thegeeand casier Bequeacivhi ch

t he ctqr ' r r ' r ' j es
used®s . (et BARETNA, SR hESRANEI G RGepo MR R BRI B oML DS
2005/ 109917 PCT/ US2004/ 034988 -42 In sonme versions of enbodi ment (3) the
system furth i ncl udes _.a single ctor cell . |l pocat dj acent at |east one
of “satd 111 otin WESEREIZA AP RITLEP kiow s copgacis CEO B €6 elimnity o
fourth bageniad @il Rredline?) it Sach O B 184t fwd Fahefolith HftiR AR SRMABEoRATRgSt at i ons
and which uses a 5 single carrier frequency to transmt signals, said single

carri er fifferpnbpawer besielsgn saghcpifspif sectors.r iYesgion|of egbpdiment34) thadliféarence
enbodi ment &3 J4AG| t: ] [ A ed
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base stations_and which uyses single carrier frequency to transmt signals
in each ?ﬁ%@rwp?‘ﬁ%w%‘t“ﬁaaﬁeﬁo 'sai d single carrier

Still another exemplary embodiment, referred to as embodiment (36) is directed to a
20  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
another; wherein a first set of cells in said plurality of cells uses a first number of carrier
frequencies in each sector, and a second set of cells in said plurality of cells uses a different
number of carries per sector, said different number being greater than one, said cells in the

25  second set of cells using multiple carrier frequencies per sector.

In one version of system embodiment (36) referred to as embodiment (37) each sector of
a cell which transmits the multiple carriers within the cell using different power levels.
In one such embodiment, each cell includes three sectors and where said different number is
30 three.



10 frequency being said first frequency. Another enbodi nent of a system

i npl ementing the present invention will now be described. This exenplary
enbodinent will be referred to as enbodi nent 27. Enbodinent 27 is directed
to a comuni cation systemincluding a first cell including a first base
station whi VR 2405/1p99% %sm’ ts into first, second and third PEIAISeNE0B08Sai d
first cell, a single but different carrier frequency being used by said
first base station to transnit into d#&ch of said first, second and third
sectors, a first, a second and a third carrier frequency being used said
first, secondluzme ex¢rplany inpkhenstion eﬁqhesystemeﬂqspnfbecd ds eatvedinient (oytheat i on, t he
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second baselcsﬁ@ttscp:@oh@asudh%neﬂiwhﬁcénfﬂﬂp@refehw&iastbﬁ%dﬁﬁaﬁ (). the second
cell including fourth and fifth, and sixth sectors, said second base

station using the first carrier frequency being in each of said fourth,
fifth and si [ i ) cond
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station tirAsidqusncids@RAlsed UbthBgysersecond carrier frequency which is
different from'said first carrier frequency in each of the fourth, fifth
and sixth sectors using different average power levels in each of said
sectogs for s I ency. Once
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for signal transmtted using said third carrier frequency. In one version
of enbodpafemﬁf(qa@)CYMWGhnwmerlf@quZ eod¢ hddgaricPiTqueseY eatoRe@s s an 43
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associ at Edclwdabh sothr inndhe mfeﬁdmwl slecoagmittng siguals dsigpihe seyond eade t hird
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referr ed ment
average power levels are used for each of the first, second and third carriers in each sector of

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

symbol transmission time periods.

In one version of embodiment (42), referred to as embodiment (43), each of a plurality of

at Jeast three adjacent cells using the same power levels for the first, second and third carriers in

25  sectors oriented in the same direction, different power levels being used in different sectors of a
cell for each carrier. In one such embodiment, referred to as embodiment (44), a first frequency
band is associated with and includes said first carrier frequency, a second frequency band is
associated with 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

30  bands being non-overlapping frequency bands of the same size. In one version of embodiment
(44) each of said first, second and third frequency bands is at least 1 MHz wide but not more
than 2 MHz wide.



first, second and third frequency bands is at least 1 MHz wi de but not nore
than 2 MHz wide. In at | east one version of enbodinent (32) the second cel
transmts the second carrier frequency 10 in each of the fourth, fifth, and
sixth sectors using different power |evels in each of said sectors. In one
ver si on of gﬁHWWVW&H? (28), known as enbodi ment (34) thePGRAGSIOE/GBS
transmts the third carrier frequency in each of at | east two of the fourth,
fifth, and sixth sectors using diff#%ent power |levels in each of said
sectors. In one version of enbodinment (34) the difference 15 in the power

| evel s (Pl >P2rP@ae yerston bhiembddimentdi?)frefemrad topmswatboliensdt s16)sach éfsaid ansmi t
different carriers i ach .sector. of. the second cell is the sa espite
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is directed to a 20 systemwhich includes a plurality of cells, each cel

i ncl udi ngegeptyihandi nangthes wersion of emgbgdiment (423(the §irst, sscopd pnd thirddtegainey a fir st
cell za ' ' I ' I | t one
ot Her ; PHACAS Gt gopnefitney shh, it bohl el BiPARhGGh dhe BRI 0P,
first numdeecont] freguericg bandsr equenci es in each sector, and a second set of
cells in said plurality of cells uses a different nunber of carries per
sector, said different nunber being greater than one, said cells in the 25

second set OfmGelchst oHS V&SioN Bt éhBdEBmER(46)%We Jy‘st%ﬂﬁ@'ﬂﬁ PN bmaRpicRions! N one
ver si on of system enbodi nent éS%referred to as enbodi nent (37) each sector
W

of a cedystemrandhvhereimtwitotal han edcppied brpaid Brss segandiand el feegupnaydiands

di fffdenitsn %éthlaﬁ\ﬁ I n one such enbodi ment, each cell includes three
sectors an ere Salrad different nunber is 30 three. WO 2005/ 109917
PCT/ US2004/ 034988 -44 I n one exenplary inplenentation of the system

descri bed as odi nent (36), tlF system s, an OEDM communj cati ons .system
and wherein sfgﬁ%)” WYH?FEPQF b P%Wﬁee?f°5§cdc%q5}rgefer?we§%pw FPeEedie s one.
Such an GatyaetheRa  In'Ynb bx lér?fn?étﬁd%‘%rﬁlflbdﬁﬁcnﬁmﬂbd%% nl(le_'i@ad engbddiinéHi 1)\ S1 on

of embodinent (39) a third sét of cells in said plurality of cells uses a
t hi rd numngtbed sfditceted taopefatiog a samimapications sgdicms énslusting & pluthlithofraglls gathesellbei ng
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A O hdNaia adGimumber of caicat, dnd & Second (yae coll ueine & second Sumbes of seclors and Y
of cel | sAndgising adipty 0 , ype cell using a se ber of sectors
a second number of carriers, either the first number of sectors being different from the second
number of sectors or the second number of carriers being different from the first number of
20  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
information the number of sectors and the number of carriers used in the cell from which the cell
type information was broadcast.
25
In one version of method embodiment (1) referred to as method embodiment (2), the cell type
information is a cell type identifier, said cell type identifier corresponding to one of a plurality of
at least three different cell type identifiers, said three different cell type identifiers including a
first cell type identifier, the first cell type identifier corresponding to a cell including three
30  sectors, each sector using the same carrier frequency and a second cell type identifier, the second

cell type identifier corresponding to a cell including three sectors, each sector using a different

carrier frequency.



including three sectors, each of the three sectors using the sane set of
three different carrier frequencies to transmt 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 15

i ndi vi dual ¥@E2PISHPRELnitting signals using the first camCTais2goedgscy at
different average power |evels, each sector in the individual cell also
transmtting signals using the secondbécarrier frequency at different
average power |evels, each sector in the individual cell also transmtting
si gnal s Us¢negyersian afmetibdocmbadinent (2) gefered /toas netitodemeodinene (3 gaidpbuality b&vel s
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carriers In 25 sectofs oriented 1n the same direction, different power
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such enbadi rrent.b eferred to as enbodi nent (44), a first frequency band is

associ at aéag‘ﬁf?‘ﬁ‘ %ﬁ%quleﬂﬂ‘udes said first carrier frequency, a second

frequency band is associated with and includes said second carrier

frequenc¥, and a third frequency band is__associated with and incl udes the
¢
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first fmehadinojudsaaperating alrastiep byssistations lopatedhissalnefthe sorond ype ta i r st
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bei ng” no“unuse nes o he first and second frequency
bands. In at | east one version of enbodi nent (46) the systemis an OFDM
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information is a cell type identifier, said cell type identifier corresponding to one of a plurality of

at least three different cell type identifiers, said three different cell type identifiers including a
20  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
sectors of a cell of the third type to each use a different average transmission power level for
each of the first, second and third carrier signals.
25
In one version of method embodiment (8) the method includes operating sector transmitters
corresponding to sectors of a cell of the third type to periodically transmit a narrow band high
power signal into each of three different frequency bands corresponding to each of the three
different carriers used by said a cell of the third type, said narrow band high power signals being
30 transmitted at predetermined frequencies. Such an embodiment is referred to as method
embodiment (9). In one such embodiment each of the narrow band signals is a single tone

signal. In another version of method embodiment (9) the narrow band signal transmitted by a



A few exenplary nmethods will now be described with reference to nunbered

nmet hod enbodi nents. In one exenplary nethod enbodinent, referred to as

met hod enbodi nent (1) the nethod is directed to operating a comuni cations
system i ncl tb%l ra%@%;)l urality of cells, each cell 15 including a base station
coupled to FIE et ation” i ncl uded in another cell , 1 RCEYSP@M3498& | udi ng

a plurality of different types of cells including a first type cell
including a first nunber of sectors “4%mnd usi ng a first nunber of carriers,
and a second type cell using a second nunber of sectors and a second nunber
of carri cHr trapspHder is Wansmifted infotheectop with sl sgms powientpveli fof eackpf thethree t he
second B {caglfieﬁg?hgrs or the second nunber of carriers being different
fromthe tirst nunb of 20 carriers, where nethod enbodi ment (1) includes
operating the base station included in each of a plurality of cells in said
system t riodically broadcast cell type information, said cell type
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In one v k. gn‘qg |_ment A r odenbodi ment (3)
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nmet hod e
quality of the first communications link and the second communications link.

20
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
second sector and measuring the energy in the received second beacon signal to generate an

25  estimate of the quality of a third communications link that can be established to a third network

attachment point corresponding to the third carrier frequency in the second sector.

In one version of method embodiment 14, the method further includes estimating the quality of
a communications link that can be established to a fourth network attachment point in said

30  second sector corresponding to a fourth carrier frequency, which is different from the third
carrier frequency, based on the energy measured in the second received beacon signal and

known information about a fixed power difference between the transmission power level of



10 net hod i ncludes, operating base stations in nultiple cells of the sane
type to transmt the sane cell type identifier. In one version of nethod
enbodi ment (5), referred to as nmethod enbodi nent (6) the method incl udes
operating at | east two base stations located in cells of the first type to
peri odi cal | YOPWHIMI said first cell type identifier. IRCHURROGIIGISS

enbodi nent, the nethod includes operating at | east two base stations

| ocated in cells of the second type #8- 15 periodically transmt said second
cell type identifier. In one version of nethod enbodinent (1) referred to as
et hod esignals eRiinitted)in s4ib) sccord bectot R€ing tHef tbird@id fotrth SardicEReduehdie THaent i fier,
said cell E&/cgﬁl identifier corresponding to one of a plurality of at |east

t hree di ff pntdgyeferted to a3 methpd prbediment{ly). t hree different cell type
identifiers including a 20 third cell type identifier, the third cell type
identifier corresponding to a cell including three sectors and using three
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one such enbodi nent each of the narrow band signals is a single tone

signal. In another version of nethod enbodi nent (9) the narrow band signal

transnmitted bl aaother veooen afonghqd egndiseddhy)caddns and seconé sectws aredepsttdi t er i s
transm t ' wi th.the vel . t hree
i 11 or ent e PP} Gt IR T ftoMer biiabli RO B ok (LD R SBRNOREabrIE 1

di r ect edidestedinedebamd cefl vl ia Uiffegerm fromsaldefirbt cell die whidhsararsqsketoyis iaatedd
enbodi ment, referred to as nethod enbodi nent (12) is a method of operating
a mobf | e comuni cations device in a systemwhich uses nultiple carrier
frequencies, jhge gm?ltlﬁaf Fri0lof ék%}n#!ﬁ?fméﬁﬁéf EbOdmEne (155{fPRAORs RLESE!
corresponding to irst carrier frequency of a first” sector of a first

cel |; neesbedimentt(2Q temmpljle dommracationedovisd sforgssell ygmdnformation 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
20  the received first cell type indicator signal and said stored information different carrier

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
25  carriers are transmitted within the first cell and the method further comprises determining from
the received first cell type indicator signal and said stored information the relative power
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 (21). In one such embodiment, the first cell is

30  asingle sector cell.

In another version of method embodiment (15), referred to as method embodiment (23)

the mobile communications device stores cell sector type information including information



signal to generate an estimate of the quality of a first comrunications |ink
that can be 10 established to a first network attachnent point correspondi ng
to the first carrier frequency in the first sector of the first cell; and
estimating the quality of a comrunications |link that can be established to
a second neFVbWﬁyHP?ﬁchnent point in said first sector obPCrukmedizams cel
corresponding to a second carrier frequency, which is different fromthe
first carrier frequency, based on t-#h® energy nmeasured in the first received
beacon signal and known infornmation about a 15 fixed power difference

bet ween iboet differeandassdrd Osedouie a detof hndothe dlgive henditianpdwdried] usedged ddcH bf St
sector usi the first and second carrier frequencies. |In aone version of

et hod evHbATRRAL carriery, the BEaRd HBerempEisEtprel fing PronideckuBnstd Brst i er

frequency fu : i . i : T
comuni o2t rargefil o BEL LRl e UETH: Sf sl acctbiniil ol the fleeh 0L Bl
ver si on wybe indidated signdd add mad stofed infoehaionaiifférentzartize fraquéncieb wllichwrt uséd in t he
met ho fu @%ar i ncl udes: receiving a second beacon signal transmitted by a
net wot k s(ﬂc[ hit6¥f: point of a second sector, the second beacon signal
corresponding to a third carrier frequency used by said second sector and
measuring the energy in the received second beacon signal_ to generate an 25

estimte of tiRengyeisioppf arthad embpdimeniidah thetorehescior fypetipfarmatin fggher
establ i Si?@ﬂdés%ﬁrﬁlgﬁt{nqﬁ&@ﬁﬁ’i%r Pﬁﬁ@g&&ﬂ&%ﬂa&&tat %ﬂ{ch%@ﬁgﬁ% Akt he third
e se r. nmet no

carrier frequency Int on esect I'n one version0 enbodi nment
14, the coetidrodreftransrhitted mithinuhe firse sdctompdnid tige mthod)fiathet inclofles detamimngmireat | ons

Iink(iiha can.bg established . to a.fourth network attachpent, point in said 30
. fi el Fiom th Telafh

secolll sBEFSFIvEdTirL sssi imegndicatar sianat fd saudt shqred miqrayy Y |
di ff er endirbrenre 4dae by mcrc@mﬁﬁhﬂihghet%%ﬁ@@l‘ﬁﬁent%ﬁ?ﬁb t@ﬂ;sﬁ:h%i%&ﬁr gy neasured in
the second recei ved beacon signal and known infornmation about a fixed power

di f f er enesrebpemdingrio thedirstraad seaond icenicp Gaguentieyial thefirshwscrgo §paomn 17

PCT/ US20 4 7 i gnal [ ansm [ i ing the
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met hod e adhi firesdell (L Spmulti-secn eellviaraiicinditttreaepdvad leshae uedby hbtwotlef erred to
as net hod enmbodi nent, (16) the nethod, 5 further includes selecting one of
the 11 r stitackipens paintyipthesectanty tagsmit figaalsr i er frequencies and establishing a
comuni cations link with the corresponding one of the first, second, third,
and fourth network attachnent points, as a function of an estimate of the
qual ity of t HEhefabpwd emismiimerds are phiyrivkendeddo boexantplary andithedatentios isinohtoshe | n

one Ver sy ofeloidly ot A ROmbaEE bmbSlimesg St One of

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

non-OFDM and/or non-cellular systems.

In various embodiments nodes described herein are implemented using one or more

25  modules to perform the steps corresponding to one or more methods of the present invention, for
example, signal processing, beacon generation, beacon detection, beacon measuring, connection
comparisons, connection implementations. In some embodiments various features of the present
invention are implemented using modules. Such modules may be implemented using software,
hardware or a combination of software and hardware. Many of the above described methods or

30  method steps can be implemented using machine executable instructions, such as software,
included in a machine readable medium such as a memory device, e.g., RAM, floppy disk, etc.
to control a machine, e.g., general purpose computer with or without additional hardware, to

implement all or portions of the above described methods, €.g., in one or more nodes.



the first and second carrier frequencies is the sane as at | east one of the
third and fourth carrier 10 frequencies. In another version of nethod
enbodi ment (15) said first and second sectors are located in the first
cell. In still another enbodi ment of nethod enbodi mrent (15) said second
sector is WO2MSEEh a second cell which is different fRODUSe403H8y st cel |
in which said first sector is located. 15 In one particular version of
exenpl ary met hod enbodi nent (15) ref#rred to as nethod enbodi nent (20) the
nmobi | e communi cati ons device stores cell type information including

i nf or mat Acordidpby tamidin g Heheethings pthe bekeht UFvestiont it Birdttal toal thachiid-redfabiet hod
further |n Iude cervrn prior to receiving said first beacon signal, a

first céPT 4 Raghize epeﬁ%hle Ingliptigs foF PSS MAcHIRCRD 8 REOCPERANed fi r st
cel | ty%sdcmedqawaré 't Batforl\ohe 3 ibyebi3hE Heps U By O Rellhibl PERbAGR' | €
frequenci es which are u ed In sal rst c I'n one version of exenplary
met hod (20) the stored cell type |nfornat|on further i ncl udes i nformation
indicating the relative power difference at which signals on different 25
carriSers ar e Nunsnsuyiatitidnaliviatiations be tHel methods ehd ammm theepleseit nvetivar

conprises determ ning,.from the recejived first cel i ndi cat or gna

ond s dRSTBPEAI MOl b PG Hetpt Silegen (e adin Viptof HERoe HeGab P Gg

cor r espapglinRentida! w&ﬂw&hﬁaﬁmr&be%hﬂaerecpwhﬁﬁmcbpebﬂﬂehﬁfenmr r’mpondl ng to
the first and second carrier frequencies in the first sector. Such an

enmbodi menetheds anéﬁmaraé@ efdhepresant inyentioniseyi b«remd ip xatjous|embedanentsoise.aiesbdi nent

the fir i d
oo mari ChMA Sl BLARKE, AT iy iizin (IR0 Mol it Bt BB GO
conmigni amtnmmﬁ:admsr techniijues @hich @hdy be@eddao promide wihéless Rainmamidatiodsuihka g

i nfornmati on WO 2005/ 109917 CIEH% 3%4/0349g -49 about drfferent carriers
used wi th§IWEeR aeqest nodggiandhmobily npdes, dn sprap smbodipens s acres§ 8PS for each of

sai d dif; &ere%meeag base rsﬁmoﬁmhﬁﬁﬁ%sﬁ H&Iﬁﬁﬁﬁla%ﬁ?hhﬁé Wih h6RE NoddGusiRg | OF 1O
receiving said first beacon signal, a first sector type indicator Signal,

and det €PFBPMiang/of COMAh& yasings embodiinests theauabsle nodsspee implémented assiogebabk and
sai d stored nf or mat iffe carri r fre nci es. i.ch are used in 5
cai d £ e ulell BBl 6 Bl BRAST of i At B SR e S ol b Stor e
sectid irydeevelr/Bhmmiindr o@fﬂuiﬁmﬁhg%c andAed rUﬁtﬁﬁs 1 f6f Pipi@hdring itedheaddsng thdhe

rel ative power difference at ich srgnals on different
present invention.



carriers are transmtted within the first sector, and the nethod further

i ncl udes determning from 10 the received first sector type indicator signal
and said stored information the relative power difference used by the
correspondi ng network attachnment point to transmt signals corresponding to
the first and second carrier frequendiles in the first sector. Such an

enbodi nent is referred to as nethod enbodi nent (24). In one version of

met hod eyRAd IPOLATMEDNS: first cell is a nulti-sector cell in which

di fferent power revels are used by network 15 attachnment points in the
sector to transmt signals. The above enbodi nents are only intended to be

exenpl atry angd the inv%ntiontis not to be limted solely to the above
number ed’ embOOFERPUCALOSS GYFTIR: WIPISIES Y in the context of an OFDM system

the methods aRgirARPAF Ault-s&ftorll R€ls, iREIBEARE Frit\entilseRor &1BarARebSRPMAIL O a
wi de range of communi cations systens including many non- OFDM and/ or

non- cel bestarrcelysack muiti-sectorgetlonguding e dlurelity ©f nentiers, sdiskfivst rsbsehendannltiar e

i npl enent ed usi 0 or ..nor.e 2 dules to performthe steps corresponding
to one & %.c@%{tg,ﬁ%@c&}lyeﬂ@cgﬁgg t invention, for exanple, signal
processing, bAgRATsHUEARE AfuliRBectHORARCIR: 8WabORati RGO RSE &RBlel Affier

connection conparisons, connection inplenentations. In some enbodi nents
var i ous fitguengy sseash of h@luraliy of différent setons of said firstipkbrefitsechrue frguemajul es.

Such nodul es i mpl engnt Si oftware, . hardware.or a conbi nat.i on
of ot ¢ RERE G AL HERer SRRt st ot hah E o Gisied ute et B sctons S6 et hoq
steps Cadid pigst in{Mi RERHL &N, HR! 116t HRGBEINE cafies HegitnRick Being Wi PS anF UCh as
software, included in a nmachine readable nmedium such as a nenory devi ce,
e.g., RAM f inbprein shidéccord multi-sectaraet] indludes amedrindéasestgtion thetnseasaiplirspose
computer with or without additional hardware, t i opl enent, all or portions
of the Abireontearier RUGREIRL R figt if?forPﬂs%ﬁiéGCBP&) et Serdefe€ll Wo 2005/ 109917
PCT/ US2004/ 034988 -50 Accordingly, anong other things, the present
invention is directed to a nmachi ne-readable nedi umincludi ng nmachi ne
execut aBl e i hb¢ ceromupicatidrsrsystamsifindpim Iyfiothienepmpriging: processor and

associ ated hardware, t.o erformong{.}gtl: nore of the steps of .the oy
Above- descr i heaMmupifaHpRs nkcbairey ik stiond seqond bise SRt Hd SHmmyBIcAeHods

and appghRheite Aflink MpRufRRAusiHRVAR MasOdhe HEFHet gﬁﬂ: SRRV hétaP&pRPPAr ent to
those skilled”in the art 1n view of the above description of the invention.

Such variations are to be considered within the scope of the invention. The
nmet hods ,and aratus. of the pres i.nvention, , and._in varigus
enbodi mént s iﬁgco%glélamatmns systgm of%?a&m 1, wherein smmﬁﬁy 0? multi-sector cells

further includes:

a third multi-sector cell, said third multi-sector cell including a base station which uses

at least said first and second carrier frequencies in each of the sectors of said third cell.

4, The communications system of claim 3,

wherein the base station of said third multi-sector cell further uses a third carrier
frequency in each of said sectors of said third multi-sector cell; and

wherein a first frequency band is associated with said first carrier frequency, a second
frequency band is associated with said second carrier frequency and a third frequency band is
associated with the third carrier frequency, the first, second and third frequency bands being

non-overlapping frequency bands.

5. The communications system of claim 3,
wherein the base station of said third multi-sector cell further uses a third carrier

frequency in each of said sectors of said third multi-sector cell; and



wi th CDVA, orthogonal frequency division nmultiplexing (OFDM, and/or various
ot her types of 10 conmuni cations techni ques which may be used to provide

Wi rel ess communi cations |inks between access nodes and nobil e nodes. In
sonme enbodi nents the access nodes are inplenented as base stations which
establi sh communi cations |inks wth-6®bile nodes using OFDM and/or CDMVA. In
various enbodi nents the nobile nodes are inplenented as notebook conputers,
personal dat gh&gii RN deﬁpf@and 1%ss<at:lla€ea vﬂﬂférfﬂ%&ué@svdaﬁﬁﬁrs{ Sehisgtdi ng 15
receiver/transmtter circuits and |l ogic and/or routines, tor iInplenmenting

t he net fieqisney, atsh@nd;freawemy tand énassociated S/ith awhidcludgs Stidish@EDdicariet. A

t oqht 5 |
e i FeasBes: ad 45 fe@iBbn atts phoRated Sult dnenckites the B it Hembensac
mul ti - sgetpdt, &ebld éﬂ?ﬁhﬂé'ﬁ% uampluaﬁ&sl Beﬁaég n- @S%?lta.ﬂ?lﬁ% fie@ichel basds Mk SRfONd

mul ti- sector cells being physically adjacent cée wherein said first
mul ti - sszttmdmelhdlngraq:ilurdhsf of Ltnatbanb’tsaacednomdsamedmdmnarnmsygﬂbelscﬂnc firgrand

frequency ip.each o luralit different sectors of said first_ cell, a
i rat csterdiedian bty Pebesneriedhy ih el Put e T e She SAFae G el | and
a seconfrEMd debbndBh Bfhdsh a second sector of said first nmulti-sector
cel |, theS Tl rset 1}and c@%g%&ﬁd carrier frequencies being different; and wherein
said second multi-sector cell includes a second base stati on that uses said
first nd second carrier freque es_in a first sector i d second

mul ti - sBet or [EefqmMmynications s ﬁﬁ?&iﬂméng’h?%’tt@ﬁf%?geé%}l ?ﬁﬁrt%ewacmg
conpri Sis']&;st c@mruni cations |ink between said first and second base

stations, comuni cations |ink being a link inplenented using at |east
one of a f| ber optic cable and a rret aI cable. 3. The communications system

of clai erein said pluralit -secitor cell further includes:
a thi rd5n e R BIIER S SKSPR oF K] a4 3nwL@1ieu§°@€{ Whegcomultinie e HRRe AP
station i in
cach of 1%2@2%?%‘?%30 o FGherk? binds eple PHRATYRE ALk Hend AT B3y

cl ai m 3of adjeeent tondstie shid fastdrauenoy mhdsaid third nulti-sector cell further
uses a third carrier frequency in each of said sectors of said third

mul ti-sector cell; and wherein a first frequency band is associated with
said figst Cehd l'ngfhofi ro?gl‘dﬁﬂ%}/whére&es%%ﬁteger multiple is 0, said first, second and third

frequency bands being contiguous frequency bands.

9. The communications system of claim 3, wherein each of said first, second, and third
frequency bands have a bandwidth which is 2 MHz or less and wherein the total bandwidth
occupied by said 3 bands is at most 6 MHz.,

10.  The communications system of claim 3, wherein one carrier in a sector of a cell is

transmitted at a different power level from another carrier transmitted in a sector.

11.  The communications system of claim 10, wherein each carrier in a sector of a cell is

transmitted at a different power level from any other carrier transmitted in a sector.

12.  The communications system of claim 11, where there is a fixed average power difference

between carrier signals transmitted within a sector.

13. The communications system of claim 12, where said power difference is at least 3 dB.



frequency band is associated with said second carrier frequency and a third
frequency band is associated with the third carrier frequency, the first,
second and third frequency bands being non-overlapping frequency bands. 5.
The conmuni cations system of claim 3, wherein the base station of said third
multi-sector cell further uses a thi-b8 carrier frequency in each of said
sectors of said third nmulti-sector cell; and -52- wherein a first frequency
band i s14ss0Th@é@imhitti NG sleRCUNEM @awkexfeiﬂ Siffefchi f)b@ér IEvadRRBYd for tikecond
frequency band is associateéd with and includes sai d second carrier

f r equengyne canderdraqrency in uaémeﬁ agct@ra@aapsll thet sansaitsanwitiple canitr fisqhandiss in he

non- ov et B3E o LB kyo beers i 4 BT B 1 ERUSR ot e 1

of uni f RedeMcyppaced tones used to transmt synbols, the first and second
frequency bands being separated by an integer nmultiple of the tone spacing
within the first and second frequency bands. 6. The conmuni cations system

f cl 5 t.h t f t t th
2. 7% T’ Hhisirmtut Pin S5 ERolin aerieecl BateciioRaRg A rnesds K 1 e
of the &&ﬁeuﬁ@%mgectdﬁraﬁsmﬁek%f)erroaicaﬁ?%aﬁ&ﬁ?maﬁé&m AP FNIB R BbWEL

separated by the spacing between a single pair adj acent tones |n sai d
first fleewarmgh mndr used fm‘rtk)wrﬂmk(sngnal‘s i kel sevtdr inh whizhrths sdctbritransyigter
multiple is bands, bein

0, d d thi
cont i gugﬂ’ssn\‘“iseﬁﬂfg Vﬂ?i‘ﬂa§l ng! in gﬁl’g&rﬁﬁh’ E%Hspﬂﬁgyenc%é?ﬁeowtuoé‘?ﬂgyﬂ wher ei n

each of béggﬂléési 86 tmﬁ@%er @‘Bo{wl%f fofle uﬁﬁﬁ:ﬁkk@&?ﬁo@aﬂﬁéaé}ﬁéﬁn&, bandw dt h
which is MHz or | ess and vvherel n the total bahdwi dth occupied by said 3

bands is at nmost 6 MHz. 10. The com‘rum cati ons system of claim 3, wher ein
one car[ﬁ I.h a sector.of a c
her

n d.at di ff | |
from an BT re] il % BEEM (hy TR SAHANPUH TG, b o

of cl ai gaallh sikhr Kalort ﬁth@éﬁésandlﬂg%cﬁﬁ&feH{ ca?xfler@n%ﬁiﬂutﬂeé bylis@iism tted at a
di fferent power 1evel omany ther“carrier transmtted 1n"a sector. 12.

The corrmnsnn‘mrlben"gtsagnsm&mddtpcddaiennmtdkmu\anowﬁeleeelss a fixed average power
difference between carrier signals transmtted wthin a sector. 13. The
comuni cati ons systemof claim 12, where said power difference is at |east 3

dB. 17.  The system of claim 16, wherein beacon signals transmitted by a transmitter are

transmitted at the same power level for all carriers within a sector.

18.  The communications system of claim 3, wherein each multi-sector cell in said

communications system includes three sectors.

19.  The communications system of claim 1,
wherein each carrier frequency has a bandwidth of at least 1 MHz associated with the
carrier frequency; and

wherein each cell uses a total bandwidth of approximately 5 MHz.

20.  The communications system of claim 19, wherein each carrier frequency has a

bandwidth of less than 2 MHz associated with the carrier frequency.

21.  The communications system of claim 3, wherein each carrier in the first cell is

transmitted using approximately the same power.



-53- 14. The comuni cation system of claim 12, wherein different power

| evel s are used for the sane carrier frequency in adjacent sectors of a
cell that transmits multiple carrier frequencies in each sector such that
no two sectors within a cell use the same power |evel for the sane carrier
frequency. 15. The comuni cation syst&# of claim9, where each base station
i ncludes neans for controlling each sector transmtter to periodically

transmtoa na'l“h@%ﬁﬂﬂﬁﬁhﬂ&ﬁ' sy@Ema i 100WREreid S¥R barPiRr BREhiREd I &ld fsed for

downlink signals in the sector into which the sector transmtter transmts,
sai d nar seiaidaidisepval celh othich wsgs snid aigleadt two carsint freqetncivetragsntitsrseidwiatrfert one
power being at |le 20 tinmes the average power tone transm ssion power in
each car %F%'%m]f%?‘tﬁf‘éreegﬂ‘??ﬁ%ﬁ%?ﬁq'on system of claim 15, wherein the high
power narrowband signal is a beacon signal, beacon signals corresponding to
different carriers transmtted by a sector transmtter being transmtted at
pr edet er 83.ned Thoxcommpoisaetionsesystkm. of tlaim PHewhgrsiresmidfovedrdevel difererve isitdedseRhcon
signal s tﬁéansm'tted by a transmitter are transnitted at the sane power

| evel forF-all carriers within a sector. 18. The comuni cati ons system of
claim3, wherein each multi-sector cell in said conmunications system

i ncludes three sectors. 19. The conmuni cations systemof claim1l, wherein
each car2d.er Theceremopichtien systeandfiélaitrh] Hfwhateih dmdtasd sthidm insackcal mdudéstdt t he

carrier frequency; and wherein each ce]] uses total bandw dt h of,

appr oxi nlmtﬁlye SeqLTansptior for f@smmr@fﬁtﬂlﬁéh 89rhysertPb ransyfieh apsmikeg i n each
carrier bRemy Shels RS tik 1?%9 AR (R skt %ahﬁﬁi&e?cdt}%?&ﬁﬁ %gmgt@gg otk the
carrier frequency. 21. The communi cations systemof clalm3, erel n each
carri er Ccarriethieeduensits esetllin ite settoaisowhichdhegansehitgiranxmite thel QFDMesigaibe

power. -54- 22. The communi cations system of claim 19, wherein each carrier
transmtted in said first sector of said second cell which uses said at

| east twescar i} 8Lohi AC] ] ' Ler . frequencies at ,
di fferent power F%veﬁy%S%?ﬁg&?g%%%?ém%g&{%é%{i% nof claim2l, wherein
sai d power | eweingldisktéter esiClocated adjatentstlet onkBof said first, second and third cells, the
single 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 transmit signals, said single carrier

frequency being said first frequency.

26.  The communications system of claim 3, further comprising:

a fourth multi sector cell located adjacent at least one of said first, second and third cells,
the fourth cell including a fourth base station which is coupled to said first and second base
stations and which uses a single carrier frequency to transmit signals in each sector of the fourth

cell, said single carrier frequency being said first frequency.

27. A communication system comprising:

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 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



24. The communi cation systemof claim 17, wherein the base station in each
cell includes at |east one sector transmtter for each sector of the cell,
each sector transmitter transmtting OFDM signals into the sector to which
the sector transmtter corresponds using one or nore carrier frequencies
used in the sector into which the trafSmtter transmts the OFDM si gnal s.

25. The conmuni cations systemof claim3, further conprising: a single
sector Cghkth sbas@t@simébﬁ&sﬁ s?attloh% gﬂsmrspémﬁa*ﬁh bﬁ@tbeﬁ%eﬁ%sh af@ud hird
cells, the single sector cell including a ourth asé station which is
coupl ed foortbAifth, fandsmiﬂasedtosﬁcond base stations and which uses a single
carrier frequency to transmt signals, said single carrier frequency being
said first frequency. 26. The conmmuni cations systemof claim3, further
conpri sizg:  arfoiddutitition s?aeltn QU ol 27, Qe a?@ie%ﬁﬁ&‘ﬁas@tstaltlgﬁ%n@ﬁ‘ﬁs of said
first, second and third cel the foufth cell Including a fourth base
stati on signatdwsing ﬂnodipdtedrrteoﬁsqu&ilcf/m s&cha)rﬁmesﬁamh,diﬁiamei sisthatdtorssisaigd whi ch
uses a s%iggl e carrier frgﬂrug @cltho ftr nsmt signals in each sector of the
fourth Tent erage HONGT Vel qué@u“*sﬁe “being said first frequency. 27.
A communi cation systemconprising: a first cell including a first base
station which transmts into first, second and third sectors of said first
cell, a Zﬂ.nglEldﬂﬁnrdilrﬁfm'roarmtemroﬂcdaimf%ewhemhysalixbi;emgnmhad stayios #adsriits st base
station to transmt into each of sai gFL %@ﬂq ond acﬂg thlrd ectors, a
first, a e EtheFCane FATFET TrediieReXel ’@Eicas‘&? $JUFREY, second
and th|r I i second
and thi 1R er el TGRS h Keahe “%‘E‘?P?F@ef%%t a”&fagé BB 38velt B pEied o2

adj acent sestrdfof sigails rehdmittsdusing exid sebond lchrrienfrequbnog a second base station
that is coupled to said first base station, the second cell including fourth
and fifth, and -55- sixth sectors sai d second base station using the first
carrier g CAURELnRRGarldh &fcla%ﬁ'zg whQid Bhid {dcbidiba@thiith MllorsBEL OF S
28. The communi cati on syste clarm27 ereln sald second base station
transm tsignads wpireg sﬂmslmagxdrlfeqﬁerrcgtwmdt sidéfiferbmtefepre naiy first and cécontl chdrer f our t h,

fifth and si xth sector usin ifferent average r levels in each of

sai d sechgpgncissin epelp mﬁm&mﬁ%}h@ﬂg 8415 u%n&ﬁﬁegwt AYprasLPIVI AP ISBC ond
base st efong uency which is
differ eﬁéta'cgr'ag%%ﬁ&ggel%gﬁ %??rss?é%%?#@gr ﬁ#ertag'lc?glgsscy I ndEeac% ?Jelhﬁg fourth, fifth
and sixth sectors using different average power |levels in each of said

31.  The communication system of claim 30,

wherein a first frequency band is associated with and includes said first carrier
frequency, a second frequency band is associated with 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 the same

size.

32.  The communication system of claim 31, wherein said each of said first, second and third

frequency bands is at least 1 MHz wide but not more than 2 MHz wide.

33.  The communication system of claim 32, wherein said 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.



sectors for signals transmtted using said second carrier frequency. 30. The
communi cation systemof claim?29, wherein said second base station transmts
signals using a third carrier frequency which is different fromsaid first
and second carrier frequencies in each of the fourth, fifth and sixth
sectors using different average power-Sbevels in each of said sectors for
signals transmtted using said third carrier frequency. 31. The

conmuni 341 ONTRY sdRMuRicatidrpdyfiedPof WMIST B8, WiRkrdin §84 sdcdoBE LM EinRARGNE fhird
associated with and includes said first carrier frequency, a second

fr equencyamamﬁeqmn@bsm@@claoﬁd lgdst twaaeitthe fiairtid §8h saddih sentors uaing idigferent
frequenc¥ fﬁ third %rg? enc ¥ band is associated with and includes the
third ca ?W r® %ﬁﬁ@ﬂ%? FEYr s second and third frequency bands bei ng
non- over | appi ng frequency bands of the same size. 32. The communication
system of claim 31, wherein said each of said first, second and third
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conmmmuni cation systemof claim wherein said second cell transm'ts the
third chvelsénedchegetency in each of at |east two of the fourth, fifth, and
sixth sectors using different power levels in each of said sectors. 35. The
communi cation systemof claim 34, wherein the difference in the power |evels
(P1>P2>P3}  of Atdg,%ntlﬁﬁ@‘@mqgg}tsgﬁrn@@&mggmé | evel s used to transmt different
carriers in each sector of the second cell is the same despite different
carriers bei ngphsdﬂpnﬁc@ks gichivelindwdiegs piucality of $cetozs, saidrpleratity feelfor . 36. A
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wherelnaflrst set of [s In sai ality o S uses a first nurrber
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37.  The communications system of claim 36, wherein each sector of a cell which transmits

the multiple carriers within the cell using different power levels.

38.  The communications system of claim 37, wherein each cell includes three sectors and

where said different number is three.

39.  The communications system of claim 36, wherein said system is an OFDM

communications system and wherein said number of carriers used by cells in said first set is one.

40,  The communications system of claim 39, wherein a third set of cells in said plurality of

cells uses a third number of carrier frequencies in each sector, said third number being two.

41.  The communications system of claim 40, where at most 3 different carrier frequencies

are used in said system.

42. A communication system, comprising:



37. The comuni cations system of claim 36, wherein each sector of a cell
which transmts the nultiple carriers within the cell using different power
| evel s. 38. The communi cations system of claim 37, wherein each cell

includes three sectors and where said different nunber is three. 39. The
conmmuni cations system of claim 36, whgfein said systemis an OFDM

communi cati ons system and wherein said nunber of carriers used by cells in-
said first sefni 0 L) [ S ' : ein a
Third set of CRITARPErcelld back el FRITMG, GiRle B  UEh O kLt Lring A
carri er S$anegpatoitthes difiereatodarrser dteguenceasitd tahsmitl signathahe batiofi threendiffertht caflier

conmuni cati ons, s%/s m of _.claim 40, where at st,3 different carrier
f r equenciTeAIeNgFSy rgldiis arﬁféh?aaﬂ%fy@%lﬁ?cmz.se%n SRS FFEQYenGH 2RY & fuf carrier
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each of the three sectors using the sane set 0 ree erent carrie
f r equencateisii¢renttavaragepowsi lgnelb,zach beetaet thefindikidael abilfalwerteanksmditaing signals
frequenci es jncl udi ngqra first carriger frequency, i;\ secongl&car ri etfle frequency

and a t hiSRe s seqopfl cagriep fraawrayy abdifiqrenbryesiesingvn [svals sach ssstorisy

transm tg [ i s Jool : i i ver age
power | e@g@%g@ lgoegfé%sggpfrl]@? Pgé{a{sﬁjg}ng?%%a d(:c e gg]l% ggé{}cy%gﬁeﬁn?%g&égegnal S
usi ng t hpoveerdewets suah thae differan aeeraye pdwetilévely @rausaiMor egh giohefirst, esehd andach

sector in.the  individual cell also.fransmtting signals using the third
carrier thirdgamisssingackysactr ﬁ@chalv@wﬁ@? ce%ﬁ@ﬁi Ay EIEY ROV devel prresPendingioght

) . . ne fiksi, d and third
oarr | or s A PerioEMENTARuMBRE bl ERE Mod i pbidly o orO N boner | evel

carriers in sec VI
corresponding to a time period including multiple synbol transm ssion tine

periods. 43. The systemof claim42, wherein each of a plurality of at |east
three adfhcenthewsiea ofiglag ‘%% Fréherean gachta plwraliy of af Eﬁastttﬁ@eﬁﬂﬁgﬁqt el and

third c i i i i i i { £ f power
| evel's. oo SEhEpbRertERIPrE (A0 Gl Aok Bt fiors ) S8R oryél i Bl POTEC
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associated with and includes said first carrier frequency, a second
frequency band is associated with and includes said second carrier

[ eauencl, AN el bl A RUEREYAANA o 2seocl ated i h and | ncludes Lhe
non- over | appi whertinecfisnfiyqueacybamifis tiveciardavitisangencludes said first carrier
frequency, a second frequency band is associated with 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 the same

size.

45.  The communication system of claim 44, wherein said each of said first, second and third

frequency bands is at least 1 MHz wide but not more than 2 MHz wide.

46.  The communications system of claim 42, wherein each of said frequency bands includes
a plurality of uniformly spaced tones, the spacing between the first and second frequency bands

being an integer multiple of the spacing between tones within said first frequency band.

47.  The communications system of claim 42, wherein the first, second and third frequency
bands are contiguous frequency bands, there being no unused gap between the tones of the first

and second frequency bands.



45. The communi cati on system of claim 44, wherein said each of said first,
second and third frequency bands is at least 1 Mz wide but not nore than 2
MHz wi de. 46. The conmuni cati ons system of claim 42, wherein each of said
frequency bands includes a plurality of uniformy spaced tones, the spacing
between the first and second frequencggbands being an integer nmultiple of
the spacing between tones within said first frequency band. 47. The

conmmuni cag | On?%éy&ﬁﬁﬁﬁatlﬁs%g&éﬁ%fcm 4%'6&16&9% thi E;f]s QGepRNd third
frequency bands are contiguous frequency bands, ere being no unused gap
bet ween cdlmnmnamrmfsystém ahd m&ﬁeremﬂﬂ tetabbnmdvﬁdth@umpmd naguitd first, 38eondGnd THir
communi cgti ons tem of cl A&EH wherein the systemis an OFDM

conmmuni caPIUHSY Emamarsiiar eMHehe total bandwi dth occupi ed by said
first, second and third frequency bands is no nore than 5 MHz. 49. A
communi cations system conprising: a plurality of multi-sector cells,

i ncl udi ngp.a f Arcemmmmlid¢ationesytstem,cetpriging: a second mul ti- sector cell, each
mul ti-sector cell jncl udi ng a pl rall&é of sectors, said first and second
mul ti- sect ordBRralEy pEmyii-preiasicells. ineludinge St mudtissectorgellranr g sseond mpleis

I ti- I
Gingl o carer sfPiepch @2#%9&?%%522%?“@5@ piSetp BFseefs SRR el g REY 2.
first ce!;dctorsalils:bdmﬁlysﬁ:hﬂyadgacenmcéllsdl ng neans for using a first carrier

frequency in a fi rst@ct or of said fi rst cell and peans for using a second
carrier in a YhesHaikiisbmulii-seelrgell inchidesnbpse dationghatdaglpdesimgans forgsingdg

second c £ E@e'rﬂ i %{)}@

mul ti -se%’%l IF%EE:rgI fﬁlg C 9%?1%331?80238%31{1}2% S eg??on ?'SI nﬁét glzes%g;‘%ge for
usi ng sastatid inslidmgdneas fordisingra firet carri@ditgnendsiniarfiret settos bf ShCine c&)]fatﬁiai d
second mnul ti - sect or cell. 50., The communi cations systemof claim

further BEMRFTPEHSIRE 2 froanRd cargier indntceprchicctog ohsald Fintt mulseepscall, Hie ﬁrgtatmé

comuni ¢ r and second base stations, said
comuni cgetclblgdﬁlnéarbé% @gﬁé’i@mlﬁg ‘(Igfelrgrlrl;t)’la%?rent ed using at |east one of a fiber
optic cable awﬁeralnrmicbdeccmbﬂnem-ﬁattor‘ébleummdwmsmhd@age sytidnehatdhclade3inmeadd,
wherein said plurality of multi-sector cells _ further includes: a third

mul ti - sefor yping spd ﬁrgta?mé seqpng gasrisr fiequensiesin & Brst seqten af gridgeeondultisestor on

whi ch cell.

50.  The communications system of claim 49, further comprising:
means for implementing a communications link, said communications link between said
first and second base stations, said communications link being a link implemented using at least

one of a fiber optic cable and a metal cable.

51.  The communications system of claim 49, wherein said plurality of multi-sector cells
further includes:

a third multi-sector cell, said third multi-sector cell including a base station which
includes means for using at least said first and second carrier frequencies in each of the sectors
of said third cell.

52.  The communications system of claim 51,

wherein the base station of said third multi-sector cell further includes means for using a
third carrier frequency in each of said sectors of said third multi-sector cell; and

wherein a first frequency band is associated with said first carrier frequency, a second

frequency band is associated with said second carrier frequency and a third frequency band is



i ncludes neans for using at |least said first and second carrier frequencies
in each of the sectors of said third cell. 52. The communi cati ons system of
claim51, wherein the base station of said third nmulti-sector cell further

i ncludes neans for using a third carrier frequency in each of said sectors
of said third nmulti-sector cell; and-$herein a first frequency band is
associated with said first carrier frequency, a second frequency band is

associ at gdocthtbd vtttk $88Q0H1IE Rehhdicy fth@%@%woﬁ%d%ﬁ@ﬁregue‘nr:ﬁ%&mqaémgand i's
-59- associated with the third carrier frequency, the first,” second and

third freguevecippiagdeqiaicygandson- over | appi ng frequency bands. 53. A method
of inplenenting a conmuni cations system conprising: providing a plurality
of multi-sector cells, including a first nulti-sector cell and a second

mul ti-segq or ﬁ%étho@ﬂﬁpﬁ@ﬁhéﬂtlh@%chﬂfmlﬁﬁéaltloh@ﬁjsfé?d '&gmirlﬁ)ilngr ality of sectors,
said first and second nulti-sector cel bei'ng physfcal 'y adjacent cells;

wherein said Nrovdtngrajplmal&ecﬁmultlesbtor cﬁtsl, unthshrrg daﬁrslanmlt&sem ctli and asesnd

single carf ier nc ach of | ur f differe ctor of
said fi r@fl egerfor 021?%?5% bf"?’c rcelllr“é’ér‘ﬂjéﬁ% ﬁl’ﬁ‘e}tﬁ@? SREEYS:i St 1r§‘5 tor of
sai d firghic&loraag &lwgagfggh&rmp@lsng used in a second sector of said

first multi-sector cel tthe f t and sécond carrier frequencies being
different; an‘dhwnhmrsaldrﬁlstamdltsmtmdelﬂnﬂciudesebhserstatmhlthatmsémismglacamcond base

station tfhat uses said first second ca r cies.in a first

sect or of*HEPY Y@ Parrﬁllufeﬁlt% 8@&%@‘%‘&?@@’% ﬂ‘ﬁé’sﬁﬁ‘ﬁﬂé irgfrcagiesiteQueflCy s ir t her
conpri si fgno HeAYA Qgra Bt GOSN 8 deAnd a sBlor . @@'Lee(; Mé&ﬁﬁﬁ@&ﬁ%d
base stati ons sal comuni cations i nk being a |I'ink~i npl enented using at

| east ormubﬁrsanmﬂtbmctmmbll,dhcﬁiﬂtanésmlzoad careitafrequehties béibg diffeeermedndod of claim

53, wherein sajd pluralit of multi-s ECt r cells agrther |ncI udes: dgt[rthird
mul ti-sector ¥ rfrm said; sgeqrid ppltinieetor clbieBidesa peeond, bpsgatatipnihas dses seidfinsbn

whi ch USSR sefdnd Bt RAbéhcidsinh RRLCSBEANICRE AL giies in each of

t he sector sse:ofn al tfﬁa %‘Ccesl 56. eTﬁe 1 ﬁu{ al mtbgg wherein the base
station of said third rrultr-sector cel | further uses a third carrier
frequency, i n each of Sﬁi d. sg tors of said third milti-sector cell; and
wher ei n #-fi r 5te Pebad ehelpioy ?mfartsere%’g%?é’is%ed with said first carrier
frequency, a 8¢ARfE a communications link between said first and second base stations, said

communications link being a link implemented using at least one of a fiber optic cable and a
metal cable.

55.  The method of claim 53, wherein said plurality of multi-sector cells further includes:
a third multi-sector cell, said third multi-sector cell including a base station which uses

at least said first and second carrier frequencies in each of the sectors of said third cell.

56.  The method of claim 55,

wherein the base station of said third multi-sector cell further uses a third carrier
frequency in each of said sectors of said third multi-sector cell; and

wherein a first frequency band is associated with said first carrier frequency, a second
frequency band is associated with said second carrier frequency and a third frequency band is
associated with the third carrier frequency, the first, second and third frequency bands being

non-overlapping frequency bands.

57. A computer readable medium for controlling implementation of a communications

system, the computer readable medium embodying machine executable instructions for:



frequency band is associated with said second carrier frequency and a third
frequency band is associated with the third carrier frequency, the first,
second and third frequency bands being non-overlapping frequency bands. 57.
A conmput er readable nmedium for controlling inplenentation of a
comuni cati ons system the conputer -6@adabl e nedi um enbodyi ng machi ne
executabl e instructions for: -60- controlling a plurality of multi-sector
cells, incl Udd:cﬂﬂroﬂnfg{ arﬁhrauﬁw M meRiC{eBfor 6€ls, iRRMiR SREORRIIddrceRah®k cell,
each nmulti-sector ce i ncl’uding a plurallty of sectors, said first and
second nsgcend m@&t-mctqr@lell,seabb dti-peyen actlinglucing apbmality off bestoratraidsfinst ansi d
first multi s.a,base stat on that includes machine

execut abfego?iglflhﬁﬁetc?%r?elfl%gelﬂ%ﬁﬁsb‘ia 1y & a{:eﬁgc? $st base station to use a

single carri eﬁvhér%ﬁmdﬁf‘ﬁﬂét hofd11i-GR 62 cefl il Bhid fatfin 1A hALERImABROr S Of
said first cell, a first carrier frequency being used in a first sector of

sai d firetecyieble instriction Srenutrelling therfirbidiang stagerdtol use a singbocririendtquenayfinsai d

first multi £ e flrs rri.er. frequenci es heing
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first segsctor col, tbtaﬁuit st saedndredrtics Gepensiechkding dﬁ@relﬂ’hmdconput er readabl e
medi um of cl ai t he ne exeqgut abl e, str ions for:
Tont ol 11 ng. weBerd s Sskanil soBllY et OFh MRer Rs@2ond B wstiom BERelEdisong boce
stati Onsma%héje:&‘éﬁﬁmé'lﬁﬁﬁdcﬁﬂﬁs fok B&ltﬁﬁhﬁ’ggthé sédoﬁh bhﬂ&ltzﬁ{'&% @de &hﬁd Aeke atd | east

one of a fiber optic cable and a netal l e. 59. The conputer readable
medi um ofecaohd¢arni&7frequaneies masﬁmstiseptomnﬁkald yecohd multi-sectaotetdr cells further
includes: a third nulti-sector cell, said third nmulti-sector cell including

a base station which includes machi ne executabl e instructions for

control | 5019 ke ERGnSirdhda®l AbdilieoriclitS7MHiriter éﬁﬁ&d%fmg m@thind SxdéabRt | east

said first and second carrier frequencies in each of the sectors of said
third cmbstruct®ds fokhe conputer readabl e medi um of clai m 59, wherein the base

station of said third nmulti-sector .cell further u ma execut abl e
ot 1 uct | ons FOICUBTRBOF P SEERBIBISE WherurForid st S SHORLPET SeBoRor el |
to use agfidtéimunications link being a link implemented using at least one of a fiber optic cable and a

metal cable.

59.  The computer readable medium of claim 57, wherein said plurality of multi-sector cells
further includes:

a third multi-sector cell, said third multi-sector cell including a base station which
includes machine executable instructions for controlling the base station of the third multi-sector
cell to use at least said first and second carrier frequencies in each of the sectors of said third

cell.

60.  The computer readable medium of claim 59,

wherein the base station of said third multi-sector cell further includes machine
executable instructions for controlling the base station of the third multi-sector cell to use a third
carrier frequency in each of said sectors of said third multi-sector cell; and

wherein a first frequency band is associated with said first carrier frequency, a second
frequency band is associated with said second carrier frequency and a third frequency band is
associated with the third carrier frequency, the first, second and third frequency bands being

non-overlapping frequency bands.



carrier frequency in each of said sectors of said third nulti-sector cell;
and wherein a first frequency band is associated with said first carrier
frequency, a second frequency band is associated with said second carrier
frequency and a third frequency band is associated with the third carrier
frequency, the first, second and thir@14requency bands bei ng

non-over |l appi ng frequency bands. -61- 61. A comrunication system conpri sing:
a first gell A%hﬁ&ﬂlﬂ’&u@nfsysrtéﬁ CQ ﬁSLﬁ ation which includes nmeans for
transmtting into first, 'second hird sectors of said first cell and
confi gur at i oma fissapell inoludingref ﬁlgubasngtatlmwhiqhsfnclbé@enem ddm‘ tomsmitting intafisst,ngl e

but diff f to.t t d f d
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i nformation, second and th carrier frequencies beling
di f f er enand thlrdeemrd, achist, alsecmtdexﬂdadhmd:eamelsﬁe@ehcy being e$dd, in said dirsteseoont cel |

i ncludin cond base atl on that is coup to said fjrst base station,
e secomt BB oo Tasieny abuP CRSRA HPRYAORoS Br; secrndand Bt cA8RT " second
base Staﬁécﬁfgnélgsclhéiﬁ%&ﬂfemfl guration nmeans for configuring the second base
station to use t Irst carrier frequency in each of said fourth, fifth,

and si xth sect secend esibllocaieg hdjagentread firdt oell, csoldrslecmgl cxﬁlmlcltuﬂmga sequtiddeseond
base stations, 2. The comruni cati on st em of cI rel ai d ,second
baso st aXRUM theft Feypled e tleqsaﬁ@ﬂ?%é%wca%% mgafﬁ ’ﬁ%@héinanm S

usi ng t hgxhise&h sC id b&bnd bRQUEROY Ih&ucﬁ a&f%‘ﬁrﬁ E é‘rco Hgséeoﬁ&h
Bortlgur birdhe

sectors using erent average power n eac sard ors.

The commbase statwmto wyshefirsotardtairequeacy mhacleofsa.ahfouirthgﬁﬂh,chnﬁasﬂh sdcairs; camd
transm ssion ns transmts signals usin econd,.carrier frequency which
s different SBHEmAS org?upél&agﬁ@fsrstrqnéagwé}aﬁs@m of the fourth, fifth

and sixth sectors using different average power levels in each of sai d
sectors for signals transmtted using said second carrier frequency. 64. The
comuni cé.i onTleysmemumitatidnasystefidof oldimr i, whemirnsaid sxwond bassetatipa furtirer

transm ssi 0 means transmts Si nals usi carr.ier frequenc i ch
is diff e tragiFmdssion megns dortrm n’é‘@&%ﬁ’@@gilﬁlp% fgfé é%q“F’FF%éaéﬂglb‘\PT t he
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each of said sectors or signal's r ansmitte I'ng sali g h| rd carrier

frequency. 65. A nmethod of inplementing a communication system conprising:
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means transmits signals using a second carrier frequency which is different from said first carrier
frequency in each of the fourth, fifth and sixth sectors using different average power levels in

each of said sectors for signals transmitted using said second carrier frequency.

64.  The communication system of claim 63, wherein said second base station transmission
means transmits signals using a third carrier frequency which is different from said first and
second carrier frequencies in each of the fourth, fifth and sixth sectors using different average

power levels in each of said sectors for signals transmitted using said third carrier frequency.

65. A method of implementing a communication system comprising:

providing 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 third sectors, respectively, to transmit

information, the first, second and third carrier frequencies being different; and



third sectors of said first cell, a single but different carrier frequency
being used by said first base station to transmt into each of said first,
second and third sectors, a first, a second and a third carrier frequency
bei ng used said first, second and third sectors, respectively, to transmt
information, the first, second and thg2d carrier frequencies being
different; and -62- providing a second cell |ocated adjacent said first
cell, said s : ed to
said first bggggg% |%ﬁbﬂfﬁeg@§%g% ﬁfg?%g 38?%35 oufﬁﬁﬁggé&ﬂgﬁ Ih, and
si xt h sesscondbase afatios ﬂraorscbobp]sd tesaad ﬁmn bami stegionthe fecoatl celhincleling foathend y

being in ch said fo fifth, .and . sixth sector he net hod _of
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first Caga‘idﬁﬁlnflrﬁﬂﬂ%ﬂ)én&l‘ﬂs&?&@ of the fourth, fifth and sixth sectors using

different average power l evel s in each of said sectors. 67. The nethod of
claim 66, wherein said second base station transmts signals using a second

carrier C fferent fromsaid first carrier frequenc

each of % Lfbﬁl)f/lﬁ’mdf’ flaim gﬁm’%«rwwa@eﬂem@a&%rtﬁfgorarrrrsgrleﬁrgna ingdn ovver

| evel s i I
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stati on kevdnsneach of sdda¢csorssing a third carrier frequency which is
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conput er read |um or control errent ation comu |cat| ons
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singl e byt ﬁefdedﬁ{g]afé“srecbﬁc{citﬁ%%?@ Mo OF transmssions into each of said
first, secon Ird sectors g?rrst base station being controlled to
use a first, a second and a third carrier frequency for said first, second
and third sectors resEectrveI to transmt information, the fi rst second

and t hi r8-car Fheonethpd ghielaim 64 Whareig saidrseeandrhese gatiprcansmiisisignglsasugadhid base
station carriid! 14
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69. A computer readable medium for controlling implementation of a communications
system, the computer readable medium embodying machine executable instructions for:
controlling a first base station of a first cell to transmits into first, second and third
sectors of said first cell using a single but different carrier frequency for transmissions into each
of said first, second and third sectors, said first base station being controlled to use a first, a
second and a third carrier frequency for said first, second and third sectors, respectively, to
transmit information, the first, second and third carrier frequencies being different; and
controlling a second base station corresponding to a second cell to transmit, said second
cell located adjacent said first cell, said second base station being coupled to said first base
station, the second cell including fourth and fifth, and sixth sectors, and wherein controlling a
second base station to transmit includes controlling said second base station to use the first

carrier frequency in each of said fourth, fifth, and sixth sectors.



carrier frequency in each of said fourth, fifth, and sixth sectors. -63- 70.
The conputer readabl e nmedium of claim69, further enbodyi ng machi ne
executable instructions for controlling said second base station to
transmts signals using the first carrier frequency in each of the fourth,
fifth and sixth sectors using differefd- average power levels in each of
said sectors, as part of said machi ne executable instructions for

cont rol I4mng t-ad d; i :
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transmtted using said second carrier frequency, as part of sald nmachine
execut abdtaionrestrespondingdo fcecondrell b transqnin. second base station correspondi ng

to a second cell to transmt. 72. The conputer readable nediumof claim?71,
further enbodyi ng machi ne executable instructions for controlling said
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transmitted using said third carrier, as part of said machine executable instructions for

controlling a second base station corresponding to a second cell to transmit.

73. A communications system comprising:

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 another;
wherein a first set of cells in said plurality of cells includes means for using a first
number of carrier frequencies in each sector, and a second set of cells in said plurality of cells
includes means for using a different number of carries per sector, said different number being
greater than one, said cells in the second set of cells including means for using multiple carrier

frequencies per sector.

74.  The communications system of claim 73, wherein each sector of a cell which transmits

the multiple carriers within the cell includes means for using different power levels.



where said different nunber is three. 76. The communi cati ons system of claim
73, wherein said systemis an OFDM comruni cati ons system and wherein said
nunber of carriers used by cells in said first set is one. 77. A nethod of

i npl ementing a comuni cati ons system conprising: providing a plurality of
cells, each cell including a pluralit¢4of sectors, said plurality of cells
including a first cell, a second cell, and a third cell which are physically
adj acent74.0 oOTig co@:ﬂﬁﬁxﬂeitlon%ﬁft&h%f@iaﬁh 78! wh@tinQhcle 611 iBichifesSBied s@étufs%ut y of
cells uses a first nunber of carrier frequenC|es in each sector, and a
second swhergpaiddiffereptriusdierisghweeal ity of cells uses a different nunber of
carries per sector, said different nunber being greater than one, said cells
in the second set of cells using multiple carrier frequencies per sector.

78. The et hophedonthanibatibhs sydieh OF BlafR b, wRGbiAlsaldf sydtemak hin WFDNL transmits
the multiple carriers within the cell using different power |evels. 79. The
met hod ofomshuanieatiods sysiem ehd wharsin géd huthbes| of darsiershised by el vinsaidrirstistisonsai d
different nunber is three. 80. The nmethod of claim 77, wherein said system
is an OFDM comuni cations system and wherein said nunber of carriers used
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a third gpklerwhi ch are physically adjacent to one another; and wherei n
controlling configuration in a plurality of cells includes controlling

confi gur at i onwhereia of finstset sbeellsfin saidl phurility sficallspises afiist yumberarﬂcasieto use a
first nu carr uenci [ ch sec a ontroIJ n
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t han -65- one, said s i'n the second set o | s being controlled to use
mul ti pl esec@ndrseéof¢allecpamgcmd’splpe:arrle$écc1mcwszcr ﬂéh‘earcorrput er readabl e nmedi um
of claim81l, further enbodyi ng machi ne executable instructions to control
each sector of a cell which transmts the multiple carriers within the cell

78. The method of claim 77, wherein each sector of a cell which transmits the multiple

carriers within the cell using different power levels.

79. The method of claim 78, wherein each cell includes three sectors and where said

different number is three.

80. The method of claim 77, wherein said system is an OFDM communications system and

wherein said number of carriers used by cells in said first set is one.

81. A computer readable medium for controlling implementation of a communications
system, the computer readable medium embodying machine executable instructions for:

controlling configuration in 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 another; and

wherein controlling configuration in a plurality of cells includes controlling
configuration in a first set of cells in said plurality of cells to use a first number of carrier
frequencies in each sector, and controlling configuration in a second set of cells in said plurality

of cells to use a different number of carriers per sector, said different number being greater than



to use different power |evels. 83. The conputer readable nedi um of claim 82,
wherein each cell includes three sectors and where said different nunber is
three. 84. The conputer readabl e nmedium of claim8l, wherein said systemis
an OFDM communi cati ons system and wherein said nunber of carriers used by
cells in said first set is one. 85. -@-conmunication system conprising: a
plurality of cells, each cell including three sectors, each of the three
sectors [ ; k@8 (i t ' ' .
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a first satori er frequency, a second carrier frequency and a third carrier
frequency, each sector in an individual cell including neans for
transmitting signals using the first carrier frequency at different average
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pover | d9&SILEnt PRWET I9V§¥er ent average power levels are used for each of
the first, second and third carriers in each sector of each individua

cell, said average power |evel corresponding to a tinme period including
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wherein each qf plurality,o at |east three adjacent cells using the sane
pover | eXyeire sid diffgrentmumber isdeeng and third carriers in sectors oriented in
the same direction, different power |levels being used in different sectors
of a cell for each carrier. 87. The conmuni cation system of clai m 86,
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sectors, each of the three sector _
frequencies including a first carrier frequency, a second carrier frequency and a third carrier

frequency, each sector in an individual cell including means for transmitting signals using the
first carrier frequency at different average power levels, each sector in the individual cell also
including means for transmitting signals using the second carrier frequency at different average
power levels, each sector in the individual cell also including means for 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 each
individual cell, said average power level corresponding to a time period including multiple

symbol fransmission time periods.

86.  The system of claim 85, wherein each of a plurality of at least three adjacent cells using
the same power levels for the first, second and third carriers in sectors oriented in the same

direction, different power levels being used in different sectors of a cell for each carrier.

87.  The communication system of claim 86,
wherein a first frequency band is associated with and includes said first carrier

frequency, a second frequency band is associated with and includes said second carrier



using the same set of three different carrier frequencies to transmt
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 individual cell transmtting signals using the
first carrier frequency at different-ggverage power |evels, each sector in
the individual cell also transmtting signals using the second carrier
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cell also transmtting si using the third carrier frequency
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93. A codiffetet cireietl BbqenoRsl inchodingy a fmsotareied frahehen laseestidadairivt fefuéncy and a

comuni cation ,system the_ conputer readabl e nedi um enbodyi ng machj ne
execut abfErd GagHsr freaneny, ?a@h:Se‘%,t%mrawm&ﬁgluelﬁ@}lataﬁaﬁlttmg sigpale paing the 85t cel | s,

cut ablfed Gt s ing o .
controf | SR HRIcRg B AERkAed poRRF Ry O IF et R BRANRLR OB TE,

transm t trasngttitlgSigrialbausigtthefecohd eariet fréQueny ataliffeleat aviefg pener Reelswachidi ng
a first carrier frequency, a second  carrier frequency and a third carrier

f r equencyectadn thedadividual ¢ell-alsq wwismitgng sigaels psipg thyythird sesrisr freguency at didlgrent t
signal s j [ et | 81 ' | evel s,
cach sect St Ao AVER O el P AR pBber els e o BUPLARBO RS

si gnal s pgbhdatdthirgeants hadach esctdrF@ueniedividial cklf, ksidanéragy powgde@pner

| evel s, each sector in the individual cell also being controlled to
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power |evels such that

90.  The method of claim 89, wherein each of a plurality of at least three adjacent cells using
the same power levels for the first, second and third carriers in sectors oriented in the same

direction, different power levels being used in different sectors of a cell for each carrier.

91.  The method of claim 90,

wherein a first frequency band is associated with and includes said first carrier
frequency, a second frequency band is associated with 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 the same

size.

92. The method of claim 91, wherein said each of said first, second and third frequency
bands is at least 1 MHz wide but not more than 2 MHz wide.



di fferent average power |evels are used for each of the first, second and
third carriers in each sector of each individual cell, said average power

| evel corresponding to a tinme period including mnultiple synbol transm ssion
time periods. 94. The conputer readabl e nmedi umof claim93, said nachine
executabl e instructions for control Lgng operations in a plurality of cells
I ncl udes nmachi ne executable instructions for each of a plurality of at
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nor e t hap tie ikt idMall€ell also being controlled to transmit signals using the second carrier frequency

at different average power levels, each sector in the individual cell also being controlled to

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

multiple symbol transmission time periods.

94.  The computer readable medium of claim 93, said machine executable instructions for
controlling operations in a plurality of cells includes machine executable instructions for each of
a plurality of at least three adjacent cells for controlling said at least three adjacent cells to use
the same power levels for the first, second and third carriers in sectors oriented in the same
direction, and for controlling said at least three adjacent cells to use different power levels in

different sectors of a cell for each carrier.

95.  The computer readable medium of claim 94,

wherein a first frequency band is associated with and includes said first carrier
frequency, a second frequency band is associated with 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 the same

size.

96.  The computer readable medium of claim 95, wherein said each of said first, second and

third frequency bands is at least 1 MHz wide but not more than 2 MHz wide.



