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General ly, ere sonme formo
Wireless terminals may include a wide range of mobile devices including, e.g., cell phones and

other mobile transmitters such as personal data assistants with wireless modems.

20 A problem with sectorized cellular communications systems is that transmissions
by the base station into a first sector of a cell intended for a first wireless terminal may interfere
with transmissions from the base station into a second sector, intended for a second wireless
terminal. In the case of sectors of a cell, due to transmitter proximity, this interference can be
significantly greater than in the case of a neighboring cell transmission, in which case the

25  transmitter and the antenna of a neighboring base station is located in a different cell.

Inter-sector interference is particularly problematic for wireless terminals located
in sector boundary regions, e.g., regions where the received signal strength levels from both
sector base station transmissions, as measured at the wireless terminal, are nearly equal. Inter-

30  sector interference may be reduced by restricting transmissions from being on the same
bandwidth in an adjacent sector resulting in increased transmission reliability; however, this has
the negative effect of reducing overall system capacity. Different types of information are often
coded differently, e.g., using different block sizes and/or different amounts of error correction

codes and, in some cases no error correction codes at all. Generally, where some form of signal
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treated as a single block for error_correction codi nlg pur poses. 30
signals frequently being encoded as medium or intermediate size blocks. Such blocks normally

include error correction coding bits or some other form of error protection. While error

correction is supported, the medium size coding block may be more prone to errors due to bursty
20  signal interference than blocks of larger size where error correction coding and data
resequencing over the larger block size can provide better protection against short term

interference bursts than may be possible in a medium sized coding block.

Information and/or control signals which are not particularly time critical may be

25  grouped together to form larger blocks of data which are coded and transmitted as a unit, e.g., 2
large coded block. Large coded blocks are frequently used for non-time critical data and/or data
that requires a large number of bits to be useful. Larger code blocks may include, e.g., hundreds

or even many thousands of bits which are treated as a single block for error correction coding

purposes.
30
From the above discussion, it can be appreciated that different types of

information and/or different size blocks of data transmitted from the base station to a wireless



From t he above discussion, it can be appreciated that different types of
information and/or different size blocks of data transmtted fromthe base
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i nvention. ure States data blocks of various si zes, error
correcting processes, and transm ssion blocks of various sizes, used for
explgining the present ipyention, W0.2005 043780 PCT| 1520041002505 ,
methods and apparatus that exploit the different levels of tolerable interference for different
types of information, and thus provide multiple levels of trade offs between bandwidth and

transmi ssion reliability.

20 BRIEF DESCRIPTION OF THE FIGURES:

Figure 1 illustrates an exemplary sectorized communication system implemented

in accordance with the invention,

25 Figure 2 illustrates an exemplary base station, suitable for use in the system of

Fig. 1, implemented in accordance with the present invention.

Figure 3 illustrates an exemplary wireless terminal, suitable for use in the system
of Fig. 1, implemented in accordance with the present invention.

30
Figure 4 illustrates data blocks of various sizes, error correcting processes, and

transmission blocks of various sizes, used for explaining the present invention.



4 Figures 5 illustrate exanples of the tone allocations to different types
of channels in tw adjacent sectors in accordance with the invention.
Figure 6 illustrates that the tones assigned to the channels shown in Figure
5 may 5 hwmomogesstsone, in accordance with the present ipgARbé@Re2sH Qure 7
illustrates exanples of tone allocations to different types of channels in a
three sector system in accordance wi4h the present invention. 10 SUMWARY OF
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single or fewbits in length. In the case of a block wth one data bit, one
or remm&&s can be included in the coded block to

geneér at he single information bit is repeated. Due to
the limted block size the information in the single bit block is

particularly pronge to loss due to 30 interference, In such enbodi nents
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t M5 CT Ib;[:,' for éxal%rﬁg, gaﬂge%%ex\{gyr %vifs%\ﬁv multiplexed (FDM) system. Various embodiments are

implemented as orthogonal frequency division multiplexed (OFDM) systems. In some

embodiments the systems may use the same set of tones in each of the sectors of the system

simultaneously.

20 The invention will be explained in the context of using at least three different
coded block sizes, e.g., a first size block, a second size block, and a third size block, but more
sizes may be used. In an embodiment, the first size blocks of information are smaller than the
second size blocks of information, and the second size blocks of information are smaller than the
third size blocks of information.

25

In various embodiments the first size blocks are a single or few bits in length. In
the case of a biock with one data bit, one or more repetition coding bits can be included in the
coded block to generate a small block where the single information bit is repeated. Due to the
limited block size the information in the single bit block is particularly prone to loss due to

30 interference. In such embodiments second size blocks may include, e.g., tens of bits. Third size

blocks may include hundreds or even thousands of bits.



bits, e.g., less than 10 bits and in many cases 3 or less bits, to
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20 tones will be allocated for transmitting blocks of the third size. In any one sector, the full set of

first and second allocated tones may not be used at any given time, Each set of tones allocated
to transmitting blocks of a particular size may correspond to a communications channel which is
supported in each of the sectors. Multiple tone sets may be used for transmitting blocks of a
particular size. In such a case multiple communications channels are dedicated to transmitting

25  blocks of that particular single size. In such a case, the tone reuse methods of the present
invention may be applied on a per channel basis, e.g., with each tone set for a given block size
being reused in each of the sectors in the same manner as the other tone sets dedicated to

transmitting blocks of the same size.

30 Taking into consideration the fact that the information in smaller size blocks
tends to be more prone to transmission loss due to errors resulting from signal interference than
larger size blocks, steps are taken to minimize transmission interference between adjacent

sectors that will affect small blocks, and particularly, one bit control signal blocks. In particular,
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first size are transmtted using tones in a first sector, the tones used to
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20  with some tones used for transmitting blocks of the second size normally going unused in one or

each sector of the cell.

In the case of transmission blocks of the third size, a third set of tones is used to
transmit the blocks of the third size in each of the sectors. The tones in the third set are fully
25 reused in each sector with each sector transmitting information corresponding to blocks of the
third size on each of the tones in the third set, e.g., at the same time. Thus, full frequency reuse
is achieved in the sectors with regard to tones used to transmit the relatively large blocks of the

third size.

30 Over time, tones may be hopped. However, the tone sets allocated for communicating
blocks of different sizes will be the same in adjacent sectors during each transmission time
period, e.g., symbol time period. Thus, the frequency reuse scheme of the present invention

remains relatively straightforward to implement even in the case of frequency hopping.



7 In accordance with the invention, different types of comunications
channels nmay be structured, to convey the different size bl ocks of
information. 5 As discussed above, blocks of different sizes are assigned to
di fferent woanwsmsmati ons channels inplenented in accor gdgfgS004bddsishe
Invention. A first type of communication channel used for conveying first
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second type of comrunications channel is used, in some enbodi nents, as a

downlink timng control channel. Wile the third type of conmunications
channel is oftenAugfasen@svp&Oésmmuﬁwaﬂ%erlm@eles@efpra%ﬁvgymgﬁ@ﬁmémesed to
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i nfor ma secon Sl ze transm ssmn
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comrunl at i chan els irst, seco and.third, WO .2005/ 043780
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assi gneglotdledio @RVEEEBME %tﬂcQﬂ' SofmbmniationsRYannel will go unused in each of the adjacent
sectors. Thus there is a partial overlap in tones used to transmit blocks of the second size in

adjacent sectors.

20 A third type of communications channel used for conveying third size (large)
blocks of information may be referred to as a communications channel with full tone overlap
since tones used to transmit information on the third channel are used in adjacent sectors

resulting in full or nearly full tone reuse.

25 The first type of communication channel is used as a wireless terminal power
control command downlink channel in some embodiments. The second type of communications
channel is used, in some embodiments, as a downlink timing control channel. While the third
type of communications channel is often used as a downlink traffic (user data) channel used to
communicate text, voice and/or other user related application data or information.

30

First, second, and third size transmission blocks of information for each sector

may be transmitted simultaneously on communications channels of the first, second and third



hop over tine, where the hopping is synchroni zed between the sectors of the
cell. In sone enbodinents, information types, e.g., wireless term nal power
control, 5 other control information, and user data may be classified
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sof var, det e nmet hods
an&bapp n{x'\%fgﬁ'icggr% Bfeﬂ%ﬁﬁ hg?@%%%ﬁ%%@%ﬁegtﬁgg%negéggd gssb%l at%t ﬁinn% 8i | ed
descri piidyde appriophiateol | ows. DETAI LED DESCRI PTI ON OF | NVENTI ON: Figure 1 shows
an exenplary comruni cati on system 100 i nplenented in 30 accordance with the
present invention which includes a plurality of cells, such as cell 1 102
whi ch is shown. %%hlefeﬁ]bo&,%nefms}s Qi ns%lﬁ}r@é@o%%ohﬂ&ldﬂ% &t rgp@g@fe
sectors. Cells with two sectors (N an nore t 3 sectors
(Nf>3) ghannelssmayplos Hexible and nmd:mmhmé dwlmmcalhedunng\n@ntanon, e.godbladjng2oi ncl udes
a fi.rst,sector ec 1 110, a seg¢qnd, sector and a WO

2008 o EEseRASs Sherms tem RyREPRE e prioBHE b g varkBit, " et or

110, 1hBowdbltuderbiddkeor Q6! Md thondigRof tHelitahd infoffktionsesis@ittegoundary regi on
I's shared between two adj acent sectors. Dashed line 116 represents a sector

boundary regi on between sector 1 110 and sector 2 112; dashed line 118
represents a Although the invention has been described in this application in the context of

exemplary downlink data, information, communication channels, and transmissions, the
20  invention may also be used in part or in its entirety with respect to the uplink in some wireless
communications systems. The apparatus and methods of the present invention may be

implemented using hardware, software or a combination of hardware and sofiware.

Numerous additional features, benefits and details of the methods and apparatus

25  of the present invention are described in the detailed description which follows.

DETAILED DESCRIPTION OF INVENTION:

Figure 1 shows an exemplary communication system 100 implemented in
30  accordance with the present invention which includes a plurality of cells, such as cell 1 102
which is shown. Each cell 102 of exemplary system 100 includes three sectors. Cells with two
sectors (N=2) and cells with more than 3 sectors (N>3) are also possible in accordance with the

invention. Cell 102 includes a first sector, sector 1 110, a second sector, sector 2 112, and a



sector boundary region between sector 2 112 and sector 3 114; dashed |ine
120 represents a 5 sector boundary regi on between sector 3 114 and sector
1110. Cell 1 102 includes a base station (BS), base station 1106, and a
plurality wbh200sre3788s termnals, e.g., end nodes (ENs), péfiysRafidh2§8ct or 110,
112, 114. Sector 1 110 includes EN( 1&136 and EN(X) 138 coupled to BS 106
via wreless links 140, 142, respect¥vely; sector 2 112 includes EN(V) 144
and EN(X' ) 146 <coupled to BS 106 via wireless |inks 148, 150, respectively;
sect or tBirdsmmir,rsetttudésl 1BNEBLD desRor 100 aHia, E[\(hﬁb)twdsébtmd:mhéaiym:glcﬂﬁ; bk via
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20  communications devices such as cell phones, personal data assistants with wireless modems, etc.

Figure 2 illustrates an exemplary base station 200 implemented in accordance
with the present invention. Exemplary base station 200 implements the downlink resource
allocation method of the present invention, The base station 200 may be used as any one of the

25  base stations 106 of the system 100 of Figure 1. The base station 200 includes a receiver 202
including a decoder 212, a transmitter 204 including an encoder 214, a processor, e.g., CPU 206,
an input/output interface 208, and a memory 210 which are coupled together by a bus 209 over
which the various elements 202, 204, 206, 208, and 210 may interchange data and information.

30 Sectorized antenna 203 coupled to receiver 202 is used for receiving data and
other signals, e.g., channel reports, from wireless terminals’ transmissions from each sector
within the cell in which the base station 200 is located. Sectorized antenna 205 coupled to

transmitter 204 is wised for transmitting data and other signals, e.g., wireless terminal power



etc. to wireless termnals 300 (see Figure 3) within each sector 110, 112,
114 of the base station's cell 102. In various enbodi nents of the

i nvention, base station 200 may enploy nultiple receivers 202 and nmultiple
transm tt ewe 286430 9., an individual receiver 202 for pagRshodfpiQr 110,
112, 114 and an individual transmtter 204 for each sector 110, 11 114.
The processor 206, nmay be, e.g., a Weneral purpose central processi ng unit
(CPU). Menory 210 includes routines 218 and data/information 220. Processor
206 corbnodlsompedrt sigmly tintifecdaobsigndls résotrcg Aocaids infoinifivh] pitvt efgndlgle or

t 218 sto 10 d /i i 220
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I nformation for smal | size data bl ocks 244, control information for

i nt er nagfiades reytines ¢4 8 and Aafafinformagion 220 Pracasspr 20fgantrolsoperation obg basg sect or
i dent i fg.g éﬁm [ 52. 20
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22 and si.gnalin udi n tone all ocation hopping
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channels by transmtter 204 to a plurality of WIs 300 and the received

data/information from Ws 300 that has been processed through decoder 212 of
recei ver 202 foI 999 H‘Eﬁ]'.

i nclude i nformati O%X)‘:@ﬂn@gﬁ&%id)ﬂ%lu%}s}’@n ﬂgﬁgnnepgJchb e(ﬁ a?&‘éﬁcf%al
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and panmeanedmte sizagatatidocks |2§ 4 tarraigialidendifier ABAHS Accetonidentifi 8/ w3780

PCT/ LS2 qugl,e‘&o Somtink thannel information 252.

20 Routines 218 include communications routines 222 and base station control
routines 224. Base station control routines 224 includes a scheduler module 226 and signaling
routines 230 including a downlink tone allocation hopping routine 232, and an error correcting
module 233.

25 Data 234 may include data/information to be processed by encoder 214 and
transmitted on downlink channels by transmitter 204 to a plurality of WTs 300 and the received
data/information from WTs 300 that has been processed through decoder 212 of receiver 202
following reception. Downlink channel information 236 may include information identifying
downlink channels in terms of functional use, €.g., downlink traffic channels, downlink WT

30  power control channels, and other downlink control channels, e.g., downlink timing control
channels. Downlink channel information 236 may also include information identifying different
types of downlink channels in terms of tone overlap between adjacent sectors, ¢.g., full overlap

channels, no overlap channels, and partial overlap channels. In addition, downlink channel



i nformati on 236 may include information associating the different types of
functional use channels with different types of tone overlap. For exanple,
downlink traffic channels, carrying |large size coded transm ssion bl ocks of
non-ti me owOtremsaks7siat a may have conpl ete overlap of topesusdMygpesner control
downl i nk channel s carrying a small size transm ssion blocks using a 5 single
or a fewbits and carrying tine critllcal data may have no tone overl ap

bet ween adj acent sectors. Qther control channels, e.g., timng control
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critical, and/or where the data unit to be transmitted can be represented by one or a few bits.

Small block control information 244 to be transmitted may have no ECC processing prior to
transmission, e.g., in the case where the information is formed into a single bit transmission

25  block size, where there are no bits left over for error correction purposes. In other cases, small
block size control information 244 may be processed using small sized error correction coding,
e.g., repetition coding, generating additional ECC bits, prior to transmission. Intermediate block
size control information 246 includes control information, e.g., timing control information.
Intermediate size coded blocks include more than a few bits, e.g., 10°s or 100’s of bits.

30 Information in intermediate size blocks may be somewhat time critical. Intermediate size blocks
of information are typically subjected to some ECC processing while being formed into a coded
intermediate size transmission block, which normally includes at least some ECC bits. Terminal

ID 248 is an ID that is assigned by base station 200 which identifies WT 1 300 to the BS 200.



i nternmedi ate size transm ssion bl ock, which normally includes at |east sone
ECC bits. Termnal 1D 248 is an ID that is assigned by base station 200
which identifies Wi 1 300 to the BS 200. WD 2005/ 043780 PCT/ US2004/ 002515
12 Sector | D 250 includes information identifying the sector, 110, 112, 114
i n whi ch WD 2865®430 operating. Assigned downlink channprmgidagl{;@gfson 252

I ncl udes information identifying channel segnents that have been all ocated
by scheduler 226 to carry data and il3f ormation to W 300, e.g., downlink
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present invention. 20 Schedul er nodul e 226 all ocates downlink and uplink

channel segnents.to the Ws 300 wthin each sector 114 of its
cefi 102. Each cHAMFBRICAINRS FRU “ﬁ%ﬁ%‘é’é‘%ﬁg Bise SW@%@&? Bf'é'ﬁ)r{“ovﬁggusf or a
det er mcaﬂﬁmﬂiéﬁﬁédsgge@afuohs B ink¥RbAt VA SRR &EBAE PlofocoBUCh as, e.g.,

downlink traffic channel segments carrying large transm ssion bl ocks of
data, WI power control channel segnments carrying snmall transm ssion bl ocks,

and ot her contro h
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r out i nalif&3ént size blocks of mformauon from the base station to WTs 300 in a sectorized

environment in accordance with the present invention.

20 Scheduler module 226 allocates downlink and uplink channel segments to the
WT's 300 within each sector 110, 112, 114 of its cell 102. Each channel segment includes one or
more logical tones for a determined duration of time. Downlink channels segments, such as,
e.g., downlink traffic channel segments carrying large transmission blocks of data, WT power
control channel segments carrying small transmission blocks, and other control channel

25  segments, e.g., timing control channels segments, carrying intermediate size transmission blocks
are allocated to WT's 300 by the scheduler 226.

Signaling routines 230 control the operation of receiver 202 which includes
decoder 212 and transmitter 204 which includes encoder 214. The signaling routines 230 are
30  responsible for controlling the generation and detection of various size transmission blocks
including data, control information, and ECC bits. Downlink tone hopping routine 232
determines, e.g,, downlink tone hopping sequences using information including tone information

237, and downlink channel information 236. The downlink tone hopping sequences are



determ nes, e.g., downlink tone hopping sequences using information

I ncl udi ng tone information 237, and downlink channel information 236. The
downl i nk tone hoppi ng sequences are WO 2005/ 043780 PCT/ LJS2004/ 002515 13
synchroni 2gd 2es50e%580 t he sectors 110, 112, 114 of the cepérSoysegR that at
any given tinme, in each sector of the cell 102, the total nunber of

avail able tones, e.g., an overall, éd3y., total, tone set enconpassing the
frequency spectrum is divided into non-overlapping tone sets, each channel
i n eaclsysehtdmizediasrassshgseetbrs b1Qyd¢2,drid of thetdel 102 sucly that syxaly piveh tine, Biet s.
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memory 308 which are coupled together by a bus 310 over which the various elements 302, 304,

20 306, 308 can interchange data and information. An antenna 303 used for receiving signals from
a base station 200 is coupled to receiver 302. An antenna 305 used for transmitting signals, e.g.,

to base station 200 is coupled to transmitter 304.

The processor 306 controls the operation of the wireless terminal 300 by

25  executing routines 320 and using data/information 322 in memory 308.

Data/information 322 includes user data 334, small block control information
336, intermediate block control information 338, user info 340, downlink channel information
350, and tone information 352. User data 334 may include text, voice, and/or information files.
30  User data 334 may include large size data blocks of data, e.g. 100’s or 1000’s of bits, processed
by decoder 312 from a large size transmission block, which had been transmitted by BS 200.
Such information may be of a type requiring a large number of bits to be useful and/or tend to be
less time critical than control signals. Typically, downlink user data is conveyed from BS 200 to



by decoder 312 froma large size transm ssion bl ock, which had been
transmtted by BS 200. Such information nay be of a type requiring a |large
nunber of bits to be useful and/or tend to be less tine critical than
control siwoabeso4Fgpi cal |y, downlink user data is convepegykinindss200 to WO
2005/ 043780 PCTI US2004/ 002515 14 WI 300 over a downlink communi cation
channel that has full overlap betweel tones on which signals are
transmtted in adjacent sectors. User data 334 may al so i nclude data

i Nt endeWT300 oxer siavnitideommugicationvhbriel thidfhastftld bvéapltetviaRn tre Sfwhichd t o
base stati n 200 vi link traffic .,channel, fol (i)vm ng processi ng by

encoder®! M“SWQHSWHF‘nga FRDE BPOTN fIeReRtr oot §1§B alsg ynclygey m?‘rn@f-‘é]t 'such as
WI' povefeetfidle! Of., SRIABNWT, maPEHtheQH‘P Lififed B EzT Rod wa ﬁﬁ'nli gt BS 200
via a downlink control channel Sl ze contro mati1on 336 is
t ypi cal ¢hannel, rfellmavlnglprmesmag\uy tadoder e ﬁm’aﬂ\bldoktcentmi imfonmtrunc’ﬁﬁenaylmcludae case

ft bl f t the cod i
one ; (g eh 8 B PARETpol ot PRt palis s eome e dn BSO8R | o
i s conviey@ehlink chnesl dhlaﬁnebesﬂfantslzefbldé@@oﬁ@aumnﬂai@nrmt@ tpﬁ:'ﬁﬂjw timelcAfikal

information 10 336, in such as case, particularly prone to |oss due to
i nt er f eangrigies very fow hits te semmunigatg) In Hiesese oféhﬁﬁmaél sizenplopkead | inforpaeoniddp be

di ng,
it o a Sibrp the EAbIDE Sle B (i el b ik R ek 1P PR O PEPREL wh B8, 0o’
wher e anfmmbtion is caleebyet odthounthit betesit af E€E cadifg making the smtll block arfokisnation be
i A o o R PR rHsehrot PRt R REE T SIBF oot GPIo%S sl 1

b' 0CkS &EsBRIdmBARH 936 Hay be ?rd&&ss@& B?Emﬁﬁ'@i&éd éx?drrébfi@étﬁﬁ &anﬁté tionb| ocks
of information 336 are cohveyed from BS 200 to WI 300 over a dovvn in

cont r ol cogingnintsl a smhalh blogk size ned@léml@pclbémméwv &G Glitsn tIn $hecanss wherg atsmalhs of

i, Thoed bt IR b TR Py T WPl SRR o T BB et oL "

t r ansm riideQiifte Gta bt @EO3inpdy linited tAVdrly small nifbed o dits bphgtrRedlatatiembltiagk si ze
control 20 information 338 may include contro] information that is sonmewhat

ti e sevmalkhlocks susgeptibls o iHISe ar 0fher sl foR ACISHATEIS, S Blodke Phmt | on 336 and
nmay be | t or 100
bt s, ARG D oAy SRTEEM 10 300 |PWT. 00 S E LBl fcofel afhel witndo?) T
contr ol toheberlapbiteeen Sdjzbert sémonin feoms obipnésaisedoveansutitfsmathbigke00at o W 300

d | i nk t |, ch |, Wh . t.all t d.d
2] acer RS B RIPISEPR LA THE IFrGrREREnar SCarnailL vt A

transm ggl mda@;ms%n%%io% haliMy 4 GhAT CRMHAHR, IfteAfedidté BRIk 526 86hudl ock used
to transmt information may t%/pl cally 1 nclude sonme ECC bits.
20  information 338 may 1nc]ude control information that is somewhat time sensitive, but less time

critical than small block information 336 and may be represented by a coding block of
intermediate size, e.g. 10°s or 100 bits. Intermediate block size control information 338 may be,
e.g., timing control information. Such information may be conveyed from BS 200 to WT 300
using a downlink control channel where some but not all tones used in adjacent sectors to

25  transmit the intermediate sized block during a transmission period overlap. The intermediate
size transmission block used to transmit information 338 may typically include some ECC bits.
User information 340 includes assigned downlink channel information 342, terminal ID
information 344, base station ID information 346, and sector ID information 348. Assigned
downlink channel information 342 includes information identifying channel segments that have

30  been allocated by scheduler 226 to carry data and information to WT 300, e.g., downlink traffic
channe] segments with full transmission tone overlap between adjacent sectors for data, WT
power control command channel segments with no transmission tone overlap between adjacent

sectors, and other control channel segments, e.g., timing control channel segments with partial



User information 340 includes assigned downlink channel information 342,
termnal ID information 344, base station ID information 346, and sector ID
i nformati on 348. Assigned downlink channel information 342 includes
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transmission blocks may have complete overlap in terms of tones used to actually transmit tones

20 referred to as transmission tones; WT power control downlink channels with a small size
transmission blocks may have no transmission tone overlap between adjacent sectors, and other
control channels, e.g., timing control downlink channels, may have partial transmission tone
overlap of between adjacent sectors.

Tone information 352 may include a carrier frequency assigned to each of the

25  base stations 200, indices for logical tones, the number of tones in the downlink hopping
sequence, indices and frequencies of physical tones in the downlink hopping sequence, duration
of a super slot, e.g., the repeat interval for a downlink tone hopping sequence, and cell specific

values such as slope for each base station 200.

30 Routines 320 include communications routines 324 and wireless terminal control
routines 326. Communications routines 324 control the various communications protocols used
by WT 300, Wireless terminal control routines 326 controls basic wireless terminal 300
functionality including: the control of the receiver 302 and transmitter 304, power control,



Tone information 352 may include a carrier frequency assigned to each of the
25 base stations 200, indices for |ogical tones, the nunber of tones in the
downl i nk hoppi ng sequence, indices and frequencies of physical tones in the
downl i nk hegdomgossmguence, duration of a super slot, e.I,ngsgébgm&ggeat
interval for a downlink tone hopping sequence, and cell specitic Vval ues
such as sl ope for each base station P®0. 30 Routines 320 include

comuni cations routines 324 and wireless termnal control routines 326.
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illustrates exenplary different size blocks of information, error
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and included in coded blocks to be transmitted as part of the error cotrection processing shown

20 inFig 4. The drawing 400 of Figure 4, shows three different size blocks of information that a
base station 200 may desire to convey to a wireless terminal 300 in a wireless sectorized
communications cell, e.g., sector 1 112 of cell 102 of Figure 1. Other embodiments of the
invention may have categories for more than three different size blocks of information with
differing amounts of transmission tone overlap being used for the different sized blocks with the

25 amount of transmission tone overlap increasing with increasing coding block size. Figure 4
includes an exemplary first size block of information 402, which is a data block of size O
(small), and may include, e.g., Wireless Terminal (WT) power control command information.
First size (small) block of information 402 is time critical in this example, and thus is not
grouped with other control information into a larger block. In some embodiments, first size

30 (small) blocks of information 402 are less than 10 bits in length and are used to communicate
control information. The coded block 404 in the case of a first size block may be the same as
the uncoded block or include small sized error correction coding bits 407. In one embodiment,

for a single bit data block 402, one or more repetition bits are generated and included in the



communi cations cell, e.g., sector 1 112 of cell 102 of Figure 1. O her
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t one over |wp 2oesioagpseised for the different sized bl ocks wetkisidigondpsanount of
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20 critical and allowing them to be grouped together to form a larger block of data which may be

C

coded and transmitted as a unit, e.g., a large coded block. Unencoded data block 416 of the third
size is subject to error correction coding and/or interleaving in step 418 to produce a large coded
block 420 to be transmitted. As part of the ECC processing 418 error correction bits 424 are
generated and added to the data bits 422 thereby forming large coded blocks 420. ECC bits 407,

25 414 and 424 are shown located at the end of transmission blocks 404, 410 and 420 but may be
interleaved with the data bits.

Generally; where some form of signal coding is used, the larger the block size
used in coding the greater the protection against burst errors where one or a few consecutive bits
30  arelost, e.g., at one or more different locations in the coded block. Burst errors are common in
the case of wireless systems and may be the result of unpredictable impulse noise occurring on
one or Tnore tones. Error correction in normally supported in both the intermediate and large

transmission blocks (410,420), and may be supported in the small transmission blocks 404 as



I nformati on 416 may include information and/or control signals which are not
particularly time 20 critical and allowing themto be grouped together to
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comuni cati ons chimswrhe embodiments f thalihveotion dirst size informpsion dlagks, 1¢.g. Hatapr esent
20  block size 0 (small) 402, are smaller than second size information blocks, e.g., data block size 1
(intermediate) 406, and second size information blocks, e.g., data block size 1 (intermediate) 406

are smaller than third size information blocks, e.g., data block size 2 (large) 416. First, second,
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and third size information blocks and transmission blocks may exist for each sector 112, 114,
116 of the cell 102, and the transmission blocks may be transmiited simultaneously in each

25  sector in accordance with the present invention or at different times.

In some embodiments the categorizing of information and data into different size
information and transmission blocks may predetermined by e.g., information type, such as user
data, power control information, etc., and the classifications may be stored in both the BS 200

30 and the WTs 300, for use in implementing the present invention.

Figure 5 via drawing 500 shows exemplary tone allocations to various downlink

channels in two adjacent sectors, sector A and B of an exemplary OFDM wireless system, e.g., a



I nvention. In sone enbodinents of the invention, first size information

bl ocks, e.g., data 20 block size 0 (small) 402, are smaller than second
size information bl ocks, e.g., data block size 1 (internediate) 406, and
second si &) ddok/isa@t i on bl ocks, e.g., data block size Xdmiéoawoises e) 406
are smaller than third size information bl ocks, e.g., data block size 2
(large) 416. First, second, and thi}¥ size information bl ocks and
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505 shiading is used to indicate tones which are allocated to be used for the transmission of

20  signals corresponding to a coded block. Unshaded tones in column 501 and 505 are controlled

to go unused.

For purposes of explaining the invention, it is assumed that the same set of tones

is desi gnated in each sector of the cell as corresponding to the same channel. However, in the

25 case of small and intermediate size coded blocks, what is important is the relationship in terms
of tones assigned for the transmission of data in a sector to tones which are controlled to go
unused during a particular transmission period in one or more adjacent sectors to avoid or reduce
inter-sector interference. As can be appreciated, the allocation of unused tones to a particular
channel is not important since the tone will not be used to carry information and is therefore the

30  same as any other unused tone. What is important in non-overlapping instances is that a tone in
the first sector that is assigned to be used as a transmission tone will go unused in the adjacent

sector. Conceptually, however, it may be useful to think of the unused tones as corresponding to



| arge coded bl ocks of information, e.g., a traffic channel, a second channel
used to transmit snmall coded blocks, e.g., a first control channel, and a
third channel used to transmt internediate size coded blocks, e.g., a
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20
Column 503 illustrates the relationship between tones listed in column 501 and
the various communications channels in sector A. Similarly column 507 illustrates the
relationship between tones listed in column 505 and the various communications channels in
sector B. Note that the same communications channels are supported in sector A and B but that
25  there is a significant difference in the overlap in terms of transmission tones depending on the

size of the coded block being transmitted.

With regard to larger coded blocks, in Fig. 5, in sector A, tones 0, 1, 2 (504, 506,
508) are allocated to traffic channel A, as shown by block 524, for use as transmission tones in
30  transmitting information corresponding to large coded data blocks, e.g., traffic blocks. In sector
B the same set of tones 0, 1, 2 (534, 536, 538) are allocated to traffic channel B, as shown by
block 554, for use as transmission tones in transmitting information corresponding to large

coded data blocks, e.g., additional traffic blocks. In the case of the transmission of large coded



tones of columms 501 and 505. Transm ssion on unshaded tones in colums 501,
505 is prevented by the transm ssion control mechanisminplenented in a
cell in accordance with the present invention. These tones will go unused

i n the exewplzaosyssgobol tinme period shown in Fig. 5. ZPC%EMW()O?Q%
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sect or allocyad ferdhe popese & trangmission of néarmation s;mlwm@e émeg aesglifferanidn gaghn

sector s%c%%m? Eo hﬁﬁs@& B &t ?zgjagesnt sector, Tones 3,4, 5,6 (570, 572, 574, 576) are left

unshaded in column 509 since there is no overlap in terms of transmission tones in sectors A and

20 B in the case of these tones which correspond to the first control channel.

In the case of intermediate size blocks of coded information, e.g., transmitted on
the second control channel, some but not all tones used to transmit information in one sector go
unused in the neighboring sector. In column 501, it can be seen in the example that tones 7 and

25 8 are allocated for use as transmission tones in the first sector and that they correspond to control
channel 2 as shown by block 528 in column 503. Of these tones, tone 7 (548) goes unused in
sector B during the illustrated symbol transmission time with tones 8 and 9 (550, 552) being
allocated for use as transmission tones in sector B. In sector B, transmission tones 8 and 9 (550,
552) correspond to control channel 2 as indicated by block 558. Note that transmission is

30 controlled in sector A so that tone 9 (522) goes unused in sector A while it is allocated for the
transmission of intermediate size coded blocks in sector B. Unused tone 9 (522) in sector A and
unused tone 7 in sector B may be interpreted as corresponding to control channel 2 even though

they are not used for the transmission of information during the illustrated symbol time. In the



corresponding to control channel 1 even though they are not used for the
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controlled in sector A so that tone 9 (522) goes unused in sector Awhile it
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20 Column 603 illustrates the relationship between tones listed in column 601 and
the various communications channels in sector A. Similarly column 607 illustrates the
relationship between tones listed in column 603 and the various communications channels in
sector B. Note that the same communications channels are supported in sector A and B but that
there is significant difference in the overlap in terms of transmission tones depending on the size

25  of the coded block being transmitted.

With regard to larger coded blocks, in Fig. 6, in sector A, tones 2, 3, 4 (608, 610,
612) are allocated to traffic channel A, as shown by block 624, for use as transmission tones in
transmitting information corresponding to large coded data blocks, e.g., traffic blocks. In sector
30 B the same set of tones 2, 3, 4 (638, 640, 642) are allocated to traffic channel A, as shown by
block 654, for use as transmission tones in transmitting information corresponding to large

coded data blocks, e.g., traffic blocks. In the case of the transmission of large coded blocks,



These transmt tones may or may not be actually used to transmt data
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20 B in the case of these tones which correspond to the first control channel,

In the case of intermediate size blocks of coded information, e.g., transmitted on
the second control channel, some but not all tones used to transmit information in one sector go
unused in the neighboring sector. In column 601, it can be seen in the example that tones 0 and

25 9 (604, 622) are allocated for use as transmission tones in sector A and that they correspond to
control channel 2 as shown by block 628 in column 603. Of these tones, tone 9 (652) goes
unused in sector B during the illusirated symbol transmission time with tones 0 and 1 (634, 636)
being allocated for use as transmission tones in sector B. In sector B, transmission tones 0 and 1
(634, 636) correspond to control channel 2 as indicated by block 658. Note that transmission is

30 controlled in sector A so that tone 1 (606) goes unused in sector A while it is allocated for the
transmission of intermediate size coded blocks in sector B. Unused tone 1 (606) in sector A and
unused tone 9 (652) in sector B may be interpreted as corresponding to control channel 2 even

though they are not used for the transmission of information during the illustrated symbol time.



unused in sector Awhile they are allocated for the transm ssion of small
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t ransni SgheB, PAU, RARES 748 Stehd 551944, ford 65 746, okl RIS, e8] A0 andl tohedrasze of
tone O (664). Figure 7 via drawm ng 700_shows exenpl arg transm ssion tone
al | ocat i igemfified in sector C as : tone Og 764, fone 15 766, tone 2g 768, tone 3g 770, tone 4 772, tone

20  5p 774, tone 6g 776, tone 75 778, tone 8 780 and tone 95 782.

Figure 7 illustrates fully overlapping traffic channels: sector A traffic channely
724, sector B traffic channelg 754, and sector C traffic channelc 784. Figure 7 also shows
non-overlapping control 1 channels: sector A control channel 14 726, sector B contro] channel
25 13756, and sector C control channel 1¢ 786. In addition, figure 7 shows partially-overlapping
control 2 channels: sector A control channel 24 728, sector B control channel 2 758, and sector
C control channel 2¢ 788. The traffic channels 724, 754, and 756 use the same four tones (0, 1,
2, 3) for transmissions in each of the three sectors. The control channels 1 726, 756, 786 each
use a different one of a subset of three tones (4,5,6) as a transmission tone with the other tones
30  going unused in the individual sector. The control channels 2 728, 758, 788 each use two of the
three tones (7, 8, 9) as transmission tones such that between each of two adjacent sectors, one

tone will be an overlapping tone and two tones will be non-overlapping tones from the subset of

3 tones (7, 8, 9).



10 various downlink channels in three sectors, sector A, B and C of an
exenplary 3 sector OFDM w rel ess system e.g. sector 1 112, sector 2 114,
and sector 3 116 of cell 102 of system 100 of Figure 1, to illustrate the
present i Ryghéds@isrsoThe air |ink resource avail abl e for gEmosdoniozsis

comuni cations fromthe base station 200 to WI 300 nmay be represented by
frequency spectrum 702. In each secdr A B, and C, the same frequency
spectrum 702 may be subdivided 15 into the sane OFDM tones, e.g., 10

exenpl ary OFDM tones, identified in sector A as: tone OA 704, tone 1A 706,
tone 2A 708, tone,3A 710, tone,4A,.712,.10n A 714 ne 6A.716, e 7A
718, tone 8A 720F%rrF8°‘PBf?eaiﬁ’i\““i‘é&‘,“%‘ﬁ@rﬁﬁ‘ﬁ?‘é@”% saileh §0 Pentes boven 1% o 734,
t one 1B708608! T10e7E8 718 %nd 720 iRlicaBs A BS200 Badtdlotdidd tdnede, BB, 3447, ifae 6B
746, tone 713 748, tone 8B 750 and tone 9B 752 i dentified In sector C as :
tone Oatorused Spraignal trasmissinns toehanesss inserier ApForgctor Bndeseendimpdiaganae 20 5B

774, st ope. OB 4L 7 9 g ko

il ugt rgﬁees uél%m%veﬂ %@gbﬁeﬁ ??’?ggh%%hﬂ?&ggg? ’o@dz\)% % rlré&fi{xl'q%gtgﬁégnsnel A
724, seQ0®hasBuilocaéd tonechdnBed, S, 7. 24d Sante sedtforsignal trafdshiissiahn@vhehelsif4.

Figure 7 al so_shows on-overl appj.n ontr |.s. or (A _control
channel sqc,g)r%g,%r Sad .VB‘.T’(‘? H"'&BE‘L‘i‘é‘i’fﬁ?@F‘esﬁ%ﬁéﬁé ?ggﬁgﬂﬁ'@i?g@@@% nt r ol
channel jdcafdhat 'BS 208diak albbatelitSHE ©, T 259, ﬂﬁrgﬂo%ehﬁée&ﬁﬁrsig%&lp' ng control 2
channel s: sector A control channel 2R 728 sector B control  channel 2B 758,
and sectronsmigsionsito cannelsamsrstor®s 788. The traffic channels 724, 754, and 756
use the sane four tones (0, 1, 2, 3) for transmssions in each of the three
sectors. The control channels 1726, 756, 786 each use a different one of a
subset of three tgoRsm70Tepbsedt each 6fahe Mnesd QN9 Aiddnditdtes Vib ehalitpahatt ones 30

goi ng unused in the individual sector. The contrql channels 2 728, 758, 788
each uséones b 3raad 7igprsient pypalapping transnyssiopdonss sty seeipstdbA¥EBsuch t hat

bet ween caffth 2 LGl AERBE 1RG0, IORR inkiBAEs W shadif @k GUEID, 3PRIING toNe

and two tones w e non-overl appi ng 't one romthe subset o nes (7,
8, 9). Wi 2oipbésert3n8Nappdig tBROds$iod0@tes betwtn fegtorsBand C. LolumodAdi ng di agonal

line_shading fromleft to right qf poxes.704, 70 708,, 419, 712, 718, and
720?5 ndf?é?sggtsf"f‘f[al‘]t"f@ @Bﬁséasg’aﬂnﬁ YRl anOﬁ\@gnghagtonﬁs, 8’31549’ 348,048 to be
used fOEep?ésﬁﬁPdveHﬁ;f}ﬁ?@r&i%hﬁ’é%ﬁ)ntth& basween Sectdds @Bl . A For sector B,

descendi ng di agona line shading fromleft to right of boxes 734, 736,

738, 740, 744, 748, and 752 indicates that BS 200 has all ocated tones 0, 1,

o ol AR ISR B g

780, andiffeBent transmission channels in adjacent sectors of a cell using 1) non overlapping

20 transmission tones for coded blocks of a first size, 2) partially overlapping transmission tones
for coded blocks of a second size which is greater than the first size and 3) fully overlapping
transmission tones for coded blocks of a third size which is larger than the second size can be
extended to additional channels intended for other size code blocks. For example, coded blocks
of a fourth size may be designated as corresponding to a fourth channel which is another

25  overlapping channel. In the case of the fourth channel the coded blocks of the fourth size are
larger than the coded blocks of the second size but are smaller than the third size. In one such
implementation, the relative ratio of overlapping to non-overlapping tone allocated to the fourth
channel, where the non-overlapping tones in each particular sector go unused, is greater than that
for the second communications channel. Thus, in such an embodiment, the fourth

30 communications channel provides greater frequency reuse than the second communications

channel but less than the third communications channel.



i ndi cates that BS 200 has allocated tones 0, 1, 2, 3, 6, 8 and 9 to be used
for signal transm ssions to channels in sector C. 10 Columm 790 represents

each of the tones 0 ... 9, and indicates via shading that tones 0, 1, 2, 3,
and 7 repiasaitodyRr | appi ng transm ssion tones between waaiRbdE/ofesand B.

Col um 792 represents each of the tognes 0 ... 9, and indicates via shading
that tones 0, 1, 2, 3, and 9 repre@ént over | apping transm ssi on tones

bet ween sectors B and C. Column 794 15 represents each of the tones 0 ... 9,

and indi cat es vi aNwhedusagiditionnl vapiatens®n the pr2senBinvemtibnSare possibles dfur

over | appj transn ssion tones bet sectors C.and A n be

appr eci %%g’,lc' FP:‘Z*‘P?%?S’}?BH S BRY ﬁéquﬁgg‘ﬁfqr Sﬁe Qhngss of %Fo?‘\}%ﬁsﬁﬂﬂ%@r@tﬁ??%

di f f er eplbck g Stpposie@ By CivaiteRhsinvénhtiaf) acent sectors of a cell using 1) non
overl apping 20 transm ssion tones for coded bl ocks of a first size, 2)
partially overl apping transm ssion tones for coded bl ocks of a second size
whi is greater LY St S : : i m ssi on
toneq; for coded Jﬂégﬁ%&g%Jeslé‘{%lupgleélélz]g&gﬁ%ﬂﬁ?ﬂs‘)eﬁ%%@%&?ﬁghnﬂ 8ﬁté(g§:%nd si ze
can be softwtass) iemdwire, adab 2 ¢comtihatioh af suftveare atdoraddwlare .0 A rutnigethes ttirgscthde bl ocks.

For exanpl e,.coded.bl.ocks . of fourth size may be desi gnated :
correspgﬁﬁﬁnh’dw? 1°&‘$6‘5W‘-‘r‘?t8ﬁ%ﬁ‘fﬁiéf"f%ﬂii fime U%B%éﬂ'@ﬁ'%gr ‘Efglgpil’é‘ﬁﬁlad%&“’ﬁhannel.
In the gRR4s QEreﬁ:&‘é‘oﬁt@li'ﬁl RnRes2er i@ stedf dcdr@mbs with thd\grededtinkbntinze are
| arger than the coded blocks of the second size but are snaller than the
third s¢-getransmissica of differentsizie endaskdata Wecks onshanapelstwhich hayveidéiferingamountsppi ng
to n- I i tone allocated to the fourth channel, where the
nonﬂgve(ﬁ)ﬁliﬁ%bl?tﬁcgr%ﬁ‘es in each particular sector go unused, is greater than
that for the second conmuni cations channel. Thus, in such an enbodi nent,

the fourth 30 co ni catjons channel provi des greater freqyency. reuse than
the second conmunifeansthefs an ﬁ@?ﬂ‘i@\‘s?ﬁ}ﬁel”@%ﬂr‘l‘f anaay by p Hé"éﬂi‘r&#@@ati ons
channel ¢oimERRhOKIERR LGRS SAAUIE EDES of CRnHIBARAS s ek in@B@ing var i ati ons
on the present invéntion are possible.” For exanple, multiple channels may
be suppCPMbAlIsystamsone or nore of the at least 3 different coded block sizes
supggrted by the present invention. 5 The nodul es used to inplenent the
present invention nay be inplenented as software, hardware, or as a

conmbi nati on of software and hardware. Anong ot her things, the present
invention is directed to nmachi ne readable nmedium nenory, for controlling a
devi ce



such as a processor to inplenment one or nore steps in accordance with the
present invention, e.g., transmssion of different size coded data bl ocks
on channel s which have differing anounts 10 of frequency reuse. The nethods
and appar alvooeso4sfae present invention may be used w thpgrigboo$ay¥si4ni cati ons
systens as well as with other types of communications systens including
CDMA systens. 15 WO 2005/ 043780 PCTI2JS2004/ 002515 27 Clains 1 1. A nethod
of conmmuni cating bl ocks of information in a wireless sectorized frequency
division 2 multiplexing communications cell including a base station, a
first s?ﬁtpr and a second sector, the 3 second sector being |ocated

adj acent=B2j first sector, said blocks including blocks of a first size, 4
bl ocks of a second size, and blocks of a third size, the method conpri sing:
5 allocating a first set of tones to a first conmunications channel in each
of the fli Agpethgiof compeunigating blocks of infpradtiondaaiwirgless sestarizgd Sequancy divisém t o a

secoRd | ' y ' f LS and second sectors; 9
1 ofat REHBLAPLoRRTy CRRP SLlrRy e hethe dlfopna Bt soeforie BRGNS IFT M of
]E he Bir sécond dectdr@bcﬁ@dﬁ#‘gﬂccbﬁijﬁcﬁﬂ&;ai&iﬂstusdtﬂg sdifh Blokks Bitludaig ‘tﬂ(ﬁckg ong %irslt kizé,he
Irst sector during a first period of .ti to, conmmunicate 12 information
corréspgfﬂfghﬁtdﬁﬁcﬁq%ﬁ&aﬁb@ﬁ@ q‘fiart%‘f‘Isﬂ"z eipsthed ¢COMBTHNE he tones in the
[1rsg set of afctaiANE firdQetoh RA td Ak onBREAGMoRCAT ARl thidch AMLomgs are
being used to co nicate 14 information In t1ﬁe I rst sector; i using the
secofd setondkectarsies in the first and second sectors to communicate
I nfogmati on 6 ﬁorresgogditng to pl ocks .of the.sgcon%ﬂsi e duLi Eﬁ\ g second
peri &d of ti AROCARR? 8RR 8¢t Of KnRyoracont Fommupifations chapngl i each of fhe digst e
secoRd ped kRkdnd@fectdrsi® i ncluding: 18 transmitting information correspondi ng
to bl ocks of the second size in 19 both the first and second sectors at the
samefti me uspleratinga dusdeset effanes te pthinlgemmunicatigpreehapegl iy cachiof thafirsiasdet of
ton [ ' ond set of tones; 21 transmitting information correspondi ng
to EPOCEE&QPQ?%E&%COM size in the

11 using the first set of tones in the first sector during a first period of time to communicate

12  information corresponding to blocks of the first size while having the tones in the first set of

13 tones go unused in the second sector while said tones are being used to communicate

14  information in the first sector;

15 using the second set of tones in the first and second sectors to communicate information
16  corresponding to blocks of the second size during a second period of time, the step of using the

17  second set of tones during the second period of time including:

18 transmitting information corresponding to blocks of the second size in

19 both the first and second sectors at the same time using the same tones, the same
20 tones being a first subset of tones in said second set of tones;

21 transmitting information corresponding to blocks of the second size in the
22 first sector using a second subset of tones in said second set of tones while the

23 tones in the second subset which are used to transmit information in the first

24 sector go unused in the second sector; and

25 transmitting information corresponding to blocks of the second size in the
26 second sector using a third subset of tones in said second set of tones while the
27 tones in the third subset which are used to transmit information in the second

28 sector go unused in the first sector; and



22 first sector using a second subset of tones in said second set of tones
while the 23 tones in the second subset which are used to transmt

i nf or mat i oWo 3od/dagrshi rst 24 sector go unused in the Se?@?ﬂxs @%&%15 and 25
transmtting information corresponding to blocks of the second size in the
26 second sector using a third subsgg of tones in said second set of tones
while the 27 tones in the third subset which are used to transmt

i nfey mation nd WO
2008 043760 ‘£ PEIETAPO0 16%s 7 T Uy dRg HARR Rk oI il fifbiiod Y
firdl aoondrespanding tedbicks ef thothiddsingriugag sthmdfmnndpf time, 18O tanes ingepighid sy t o
bl ogks t third, size LA third ri od of e tones in said
b T sBhtohd) eind st Burefmitiprhiduion b 7 RS e SocRog MellEs ot BF stiERe {1 -and
second sectors at the sane tinme. 1 2. The method of claiml1, wherein the
second subset of tones and the third subset of tones 2 have the sane nunber

of tbne%. 1 Bhempibodafdigm bvherein e secopf syhsptpiitpresiand therthird spbsete fangpondi ng
to biocﬁaﬁle%egagﬁﬁ%g?&mg%si ze in the first sector includes at | east one of
a set of error correction bits and a set of error 3 detection bits, at |east
one bit fromsaid at Ieast one set of bits being transm’tted using a tone in
4 the first subse nd.a st anot her t fr m.sal | east one
cet or bl o D REhef & AARCD athereut e iftE it dueiporsite EURBHS X Bserondh { ones,
14. Thﬁzéﬁ%ttﬁ@firs%ecﬁir aicmdés atIBRE @ﬁdbf%%bpbffmbﬁ Eorr&B6R Bt Adch debbf dhrdper | ods of
time are the sane. 1 5. The nethod of claim11, wherein the first size being

srmald er datepsian biie at ket wge bit Siom withatienst ong seieaf GifE being ranssnitied using & taneihan t he

h f
L8, Sl et IR ) G BE OB EIF ol e e
i nf o madigiga tohe T the Bezon@ et afftorek.ai m 6, wherein bl ocks of the first size

are a single bit in length. 1 8 The nethod of claim6, wherein blocks of
the third size are nore than 20 bits in length. 1 9. The method of claimS8,

whergi ny bl 001«1% MEthbd 6t ctmh{ A wefdin Si@HMR 6ol and HER ﬂéhbés bfMirh©AB L sadeand

mhereln ‘each block includes error correction bits which were coded over a
mejority of the 3 bits in block of the third size to which the error

ik Seconpramanpnpfeeh e b e aPing iutlaTh! G Srad RoFplalR oo on

peripd @kodd % being smaller than the third size.

6. The method of claim 5, wherein blocks of the first size are less than 10 bits in length and

[

2 are used to communicate control information.

| The method of claim 6, wherein blocks of the first size are a single bit in length.

1 8 The method of claim 6, wherein blocks of the third size are more than 20 bits in length.
1 9 The method of claim 8, wherein blocks of the third size are more than 100 bits in length
2 and wherein each block includes error correction bits which were coded over a majority of the

bits in block of the third size to which the error cotrection bits are included.

1 10. The method of claim 8, wherein said first, second and third periods of time are the same

2 symbol transmission period of time.



WD 2005/ 043750 PCT/ US2004/ 002515 29 1 11. The method of claim1l, wherein
said first, second and third periods of tinme are the sane 2 synbol

transm ssion period of time, the nmethod further conprising: 3 allocating a
fourth setwobodsegezso t o said first conmuni cati ons chann ' f the
first 4 and second sectors; 5 allocating a fifth set g#C’gﬁégﬁggﬁgaid
second comuni cations channel in ea%h of the first 6 and second sectors; 7
allocating a sixth set of tones to said third comruni cati ons channel in each
of the first 8 and second sectors; 9 using the fourth set of tones in the
first gect oTheliethdd ofictaii | Whateinisaid fidt, Jebot dn@ tHifd ettt 3 B Grd fiE QIpRL 1 ON
correspondi ng to bl ocks of the first size while having the tones In the 11
f ouft h sybolgrangraissian periadmfdisee, the metkodfutherdompdsiog: whi | e sai d tones are

Fion set oftcarmE e R SERr ol VS LAFLLE Qb ok bhipnB iR sl rdie Sl 0 1

i nf é4r mahd secondlskctos;r espondi ng to bl ocks of the second size during a fifth
perLod of tipge, the_ste f using . the 15 fifth set of tones during the
fiffh peri oa‘rf%ﬁmfg fh{éfgtfl ﬁ%‘ﬁ&q‘w&m %qu%tlpmmli%ﬁa@cﬂfﬂ@sfgﬁndi ng to
bl ogks a0d sdcbfd sefogdd size in 17 both the first and second sectors at the
sanme time using the same tones, the same 18 tones being a first subset of
tonés in sapldockiing hsixdtsebdf touesds said thindrcamsminications dhafmal imedch rf terfirgspondi ng
to Pl ogk e second size in the 20 first sector using a second subset
of ?o gné!seﬁggé{]cﬁtoﬁ‘fth set of tones while the tones 21 in the second subset
of gones i nusing thefourtises 6t tohés ih GReEstWBEE 1N afo6kh béridd oM fo 22
information jn the first sector go unused in the second sector; and 23

t r 4B s nFemmypicats infpraatios coresnoadips Fulaeks obthe fsstsizeorhilerhavingdbmignesiiréhei n t he
24 1sec | Nl . ' | | set of tones
anFo TR 3EEA Uncl b Mpd et RT3 e MRRh P OUng it 2, 0 Fones
whilzh acmemusieste irdforn2ionimtierfirst seetbryr mat i on in the second sector go unused in
the,first sector; d 27 using,t sixth set of tones in the first and
se_i%)nd sect BlEE thg f?@mﬂ%é&hﬁgﬁ%&? F%ﬂn‘f%m&%ﬁc’r@%ﬁ?%ﬁmﬁ%‘ﬂ% ks of the
thigd gbre@poitlingd blocks ¥ meeeadnegizeﬁuﬁdg@ﬁﬂﬁ P&iddUtRind, heSRForlsinb fheSet 29 Of

tones being used to transmt information in the first and second sectors at
t ha5 s afifthisetraf tones during the fifth period of time including:

16 transmitting information cotresponding to blocks of the second size in

17 both the first and second sectors at the same time using the same tones, the same
18 tones being a first subset of tones in said fifth set of tones;

19 transmitting information corresponding to blocks of the second size in the
20 first sector using a second subset of tones in said fifth set of tones while the tones
21 in the second subset of tones in said fifth set of tones which are used to transmit
22 information in the first sector go unused in the second sector; and

23 transmitting information corresponding to blocks of the second size in the
24 second sector using a third subset of tones in said fifth set of tones while the

25 tones in the third subset of tones in said fifth set of tones which are used to

26 transmit information in the second sector go unused in the first sector; and

27 using the sixth set of tones in the first and second sectors to communicate information

28  corresponding to blocks of the third size during a sixth period of time, the tones in said sixth set

29  of tones being used to transmit information in the first and second sectors at the same time,

12. The method of claim 11, wherein at least one tone in said first and fourth sets of tones is

2  different.



1 12. The nmethod of claim 11, wherein at |east one tone in said first and
fourth sets of tones is 2 different. WO 2005/ 043780 PCT/ US2004/ 002515 30 1
13. The method of claim 12, wherein at | east one tone in said second and
fifth setswooasoawsois 2 different. 1 14. The nethod opcEl@dedddodsisWher ein
at | east one tone in said third and sixth sets of tones is 2 different and
wherein said fourth, fifth and sixtB0tine periods are the sane synbol tine,
said 3 same synbol tine following said first tine period. 1 15. The net hod
of claim 14, wherein allocating a first set of tones includes using a tone

2 hdppilfg séctheenmtthod of cibtma2nwhereintug ldastrume tdne it eaid Bevbtid @e fifth s 6f tohdssk Set

of tone 7, 1 16. A nmethod of communi cating bl ocks of information in a

wi r & esTHEER or i zed frequency 2 division nultiplexing conmuni cations cel

i ncluding a base station, a first sector and a second 3 sector, the second
sector being |ocated adjacent said first sector, said blocks including

bl odks B¥  4lhg methost of glaim 13pwherria aleast ane tenedn said thirdaand shitloestsofgbnes is hi r d

Siz t CORDL: $ENG:. £ I ] f t s, tao,be used
ot ar AR R G i, Sfh 5% bl 8% 0B T8 Sy Hne. 18427 o
sec@nd seetsgmbolttimefollowiiy safirtimeperivds channel ; 7 all ocating a second set
of tones, to be used to transmt signals in each of the first and 8 second
sectors, to a second conmuni cations channel; 9 allocating a third set of
tongs, { beme%&eih&&bgtcmmm &zh&bﬁ%béaéi’ng 2138 skl Jftnes Ricftes Yiélh%ﬁton%o goi ng
unused I n sald second sectors, to sal econé conmuni cat 1 ons annel ; 11

al | &cathapping séquenteto sleterroine thertenss to be neluded th sad firstses of tonesones in sai d first
sector and second 12 sector at the same tine, to a third conmunications
channel ; 13 using the first set of tones in the first sector during a first

periiod 1. Alméod 6 coaimicatig Block«lofiiffophifRin iR A vEfHldsS Sqteiitied Grefienby OCks of the
first size while having the tones in the first set of 15 tones go unused in

t he Zecdiigion spdiplexingcommpgications sdbipplyding@ basq statiogeq Hrsp pectasgad aserond

o i . : : C o ks of
e “secagr eSePbiRhBEbA R opfed hdjRlent G it cclder SABRIHN M BB 2 o1
t onels i sfirssaze, blocks drassetdndi sivepamidiloaks of o thisisirenidie mgethcal dongpeikimgof t he second
[ inth nd .19 t idthird set of t d i
a1 & second UBEHBES THHASAD \Ohepri] o HePd BUPLHTIL BEM R I sBia S PR Etie ot and

secqd sfped @fuSed i s&iQTBIOAL GSt6Y, toY Risti@inh@iinications channel;

7 allocating a second set of tones, to be used to transmit signals in each of the first and

8  second sectors, to a second communications channel;

9 allocating a third set of tones, to be used to transmit signals in the first sector while
10  going unused in said second sectors, to said second communications channel;
i1 allocating a fourth set of tones, to be used to transmit tones in said first sector and second
12 sector at the same time, to a third communications channel;
13 using the first set of tones in the first sector during a first period of time to communicate
14  information corresponding to blocks of the first size while having the tones in the first set of
15 tones go unused in the second sector;
16 using the second and third sets of tones to communicate information in the first sector
17  corresponding to blocks of the second size, during a second period of time while said second set
18  of tones is used to transmit information corresponding to blocks of the second size in the second
19  sector and said third set of tones goes unused in said second sector; and
20 using the fourth set of tones in the first and second sectors to communicate information

21 corresponding to blocks of the third size at the same time during a third period of time.



21 corresponding to blocks of the third size at the same tinme during a third
period of time. WD 20051043780 PCTI US2004/ 002515 31 1 IT The met hod of

cl ai m 16, Woitdobeszrgonprising: 2 allocating a fifth set 9@ S02519 be used
to transmt signals in the second sector while 3 goi ng unuse I'n said first
sector, to said second conmunicati odls channel; and 4 using the fifth set of
tones to conmunicate information in the second sector 5 corresponding to

bl ocks of the second size, during said second period of tine while said
fifth 921  Gheomethodof cRifiR 36 JaHRRdoinPrisiak:d first sector. 1 18. The nethod of
claim 17, wherein the first, second and third periods of tine are the sane

2 périod of allcating a fifith setof Hanes, torbgruserhtofteansiois signalk lin th seeand sedtarsitiles of
coded t.Or t f a sectorized

fr egueﬁhﬂgﬁlﬁ%%eg?rgsnﬁdnﬁ srt%CfoZSe(ﬁﬁ%dggé%%ﬁi%o%gmﬁ%g%m%eﬁ%?&e?was econd sector 3
bei Ag | ocat esingithe fifthrset eftonbsfto cahmasichte infositidn M delsscdndakdted ng bl ocks of a
first size, 410Ck of a_ .4 secqnd sjz and bl ocks of a third size, the base

e,
st aPi ofOEGRAAGIL todploaks of the sgand si1ze; n&é%{ seqopd periedelfimeyhilesdifibpetyse in
each Obf fmbslodel Lmised s dCfiANEcRBCtOrs, 6 said neans for allocating tones

al I ocati ng a first set of tones to a fi rst communi cations channel in 7 each
of the first and second sectors, allocating a second set of tones to a

Secon 80T ABhLAN gl 17 NRAR 1B B UBls bl B aPR SRR ARSI

each Ofpelﬁd’tBofftimidSt and second sectors; and 10 communi cations neans for: 11
1) using the first set of tones in the first sector during a first period of
time to 12 comruni cate information corresponding to bl ocks of the first size
uhihe HovA Bakelshifioh Bi<nirlihf fray saﬁssﬁarfsgivc&ﬁa bickd ARG H9 sHMSHE alsbhohfie second
sector while sal g tones are-being used fo commnicate 14 inforMation in the
firgt setormfa sqc{’oorlzeyl ﬁﬂumyﬂMI%muhmlabig cofnnmwmesionscelly thefseqond setat second

sectors to,co e. i nf or mat { on .cor f the second
o 8 abr PR iR BteRt fud ot P, e SO AR PR BboREee Lt e Rodlatng “set o
tongs @spohdizé, AR BRERIEE PairH Side, Ahe bdsBBtatitibédSpris hgsecond set of tones 18

including: 19 transmtting information correspondi ng to bl ocks of the second

siz& in 20taeeiocatien meprstopallpcalingdanesderussin eagh of said Siastand pependisacioss.t he
Sang t Qg Sheahd Hor ﬁmﬁmg tones allocating a first set of tones to a first communications channel in

7  each of the first and second sectors, allocating a second set of tones to a second communications
8  channel in each of the first and second sectors, and allocating a third set of tones to a third
9 communications channel in each of the first and second sectors; and
10 communications means for:
11 i) using the first set of tones in the first sector during a first period of time to
12  communicate information corresponding to blocks of the first size while having the tones in the
13 first set of tones go unused in the second sector while said tones are being used to communicate
14  information in the first sector;
15 ii) using the second set of tones in the first and second sectors to communicate
16  information corresponding to blocks of the second size during a second period of time, the step
17  of using the second set of tones during the second period of time, using the second set of tones

18 including:

19 transmitting information corresponding to biocks of the second size in
20 both the first and second sectors at the same time using the same tones, the same
21 tones being a first subset of tones in said second set of tones, for transmitting

22 information corresponding to blocks of the second size in the first sector using a



21 tones being a first subset of tones in said second set of tones, for
transmtting 22 information corresponding to bl ocks of the second size in
the first sector using a 32 second subset of tones in said second set of
tones while the tones in the second subset which are used to transmt
information in the first sector go unused in the second sector; and
transmtting information corresponding,.to blocks of the second size in the
second sector using a third subset of tones in said second set of tones

whi | teht he t Ongs [ nt t BRorddRiysél oﬁﬂdlkbﬁ eltS?lﬁlguC?’lla s@?ﬂoﬁ QiR thile® RS skcohd?f OF {Tﬁt ion
in e second sector u n the first. se il sing the
third set of tones i#f' b?%ghl‘?'? ’?r%’fse‘!atﬁﬂa‘?‘%ﬂ’rqoémﬁtgﬁt“d'?esfr f-‘ftaectflblﬁﬂﬂjlh%eﬁaﬂg
information correspendidsegtdronbtraskiginghforhasion fvrmegloslingeo Werks ¢fghea t hird peri od
Of t I rre t he t ones I QCC&‘%ISQC Inmc Sg30§£SIGCt&' smé aqj??cfssua@ﬂ ﬁgn&qﬁgldts&OﬁJwThe base

information in the first and second sectors at the same tine
station of claim 19, "Reserids fe oassdn bohindwbsarhid s vwrdsnganspeinfyaeagon in ot | east

one communi cati ons rQﬁtsécmﬂsémrg@@mgamthéﬁ}gsd&;ando be transmtted; a

transmtter for recel i e east. one comu ni cati ons
route to be tralshi %ﬁ g’gd ﬁ?ﬂﬁ tcf)"Fslgi %lgg“%%ts%cﬁoﬁstof%?mln}cﬁtﬁg‘ﬁﬁ? *hg bl ocks
of said fi rstrespswiingrableaksiofitiiethridd ssc@emgpmmdjmgﬂofnmy tigedords insadbid ¢etdfr . 21. The
base stati op,Qheifd @bdW Jr%,smwﬂq%ﬁmanm& fﬁ&&m&omé&& Qe skf}faR. and the third
subset of tones have the sane nunber of tones. . The base station of
claim19, wherein the information correspondi ng to bl ocks of the second
Size in thead.ir Sthe 58€ it@ion bMWdirhl 0% Ssh@tin ba@BSHhmMIQti6K maars eklu@k: error correction
bits and a set oftle err 5mden1iectn| on. blfr 3 E Idefa%tb Qne tﬂpﬁ fromsaid at | east
one set of bits D&Y ARSI IT e RE NG EOTHIE2 14 "PHEY st subset of tones
and at | east an@tmeﬂm!ttﬁr forfepqy\mgbiadelmed bw@tat leaseons eqmnphicigionsrolseforg

transm ttedymshiteh, gt ONE in the second subset of tones. 23. The base station
of claim 19, wherein said first, second and third peri ods of tlne are the
sane. 24. The bdsectizedantspader transmitine plpck S\Rﬁ@fdeqrﬁ‘r qu%d nfl phirl siggs predyced g | er

t han t he sebypdqal wahstitier.and the second size is smaller than the third size.
25. The base station of claim?24, wherein blocks of the first size are | ess

than 10 bits in length and are used to comuni cate control infornmation.
21. The base station of claim 19, wherein the second subset of tones and the third subset of

tones have the same number of tones.

22, The base station of claim 19, wherein the information corresponding to blocks of the
second size in the first sector includes at least one of a set of error correction bits and a set of
error detection bits, at least one bit from said at least one set of bits being transmitted using a tone
in the first subset of tones and at least another bit from said at least one set of bits being

transmitted using a tone in the second subset of tones.

23. The base station of claim 19, wherein said first, second and third periods of time are the
same.
24, The base station of claim 19, wherein the first size is smaller than the second size, and the

second size is smatller than the third size.

25. The base station of claim 24, wherein blocks of the first size are less than 10 bits in

length and are used to communicate control information.

26. The base station of claim 24, wherein blocks of the first size are a single bit in length.



26. The base station of claim 24, wherein blocks of the first size are a
single bit in length. 33 27. The base station of claim 26, wherein bl ocks
of the third size are nore than 20 bits in Ilength. 28. The base station of
claim 26, wherein blocks of the third size are nore than 100 bits in Iength
and wherein each bl ock includes error correction bits which were coded over
a mpjority of the bits in bl ock of thg}third size to which the error
correction bits are included. 29. The base station of claim 19, wherein said
first, secopd anﬁem'e etgho%famms %erkheﬁdéﬁ@h r%@%%o?%%%b s gnsm ssi on
perlod of tine, . A conputer reada lum e yl ng nac I'ne executabl e
|nstruct|on§“@% |nplenent|ng the nmethod recited in any one of clains 1 to
5. 31. A processor configured to control a base station to inplenent the
steps of the, &L .one . of A base station
for control Fi ng ?’g?\sgm g)gfjgcgaslmg? Whé/me Skt it E’stgl'lrdrr?s arﬁ"‘fofeﬂéafl?@obdtflﬂ’r and a
second sect éngtbindavherein eesh bleekdndlydecprerpoyectipniits wbich wexé ¢ode] camiamgriociyrafiuni cat i ons
cell, the sgegidn blgevome thf;}@!uﬂgo Lvﬁ%@gmmh@&lmnsﬁé iflfilyf St sector, said

bl ocks i ncluding blocks of a first size, blocks of a second size, and

bl ocks of a third size, the base station conprising: a tone allocation

nmodul e for 2d. ocmemgsthtmnelscla‘ir@w whereih EhlcEf&ﬁ{'sledbﬁd &a&lﬁi‘dﬁ)ér]lc’oﬂiof&iﬂgareﬁﬁ]?ond
sectors, said gﬁag ocatjing tones allocating a first set of tones to
a first conmmun f?%%@sc ﬁﬁ% h‘m%’each of the first and second sectors,

all ocating a second set of tones to a second comruni cations channel in each

of the fi rsgo ands seapRE: TSR %\edlaﬂdeaéohﬂ{;@tma@ﬂn@ emhme flcRhs nes to a

third conmun atlons ch ngel in each of the first and second sectors; and a
comuni cat i g ths megipd mﬂydEET%ﬁwPFﬁ@$%F@P set of tones in the first
sector during a first period of tlne to connunlcate |nfornat|on

cor r espondi g t 0, BloAGS o Bliad Do b3t o Bh&Said FiplBYNG JBEoA RSN Lhe
first set of 'tones go unus e s&cond sec ga ohes are being

used to confraitd deang oncjofiglgmprhitoison in the first sector ||) using the second
set of tones |n the first and second sectors to connunicate i nformati on

correspondln glocks o% the econd sjze durin c? second period of tine,
the step of u3|‘?‘| a5 Bl 'E)Fﬂﬂ‘tr%l g [Epsmigioago o‘i?ii‘?dntgo hHBOSB ISP dd of ti me,
usi ng t he secemrdes@tof @kectodirdSrequendy| dindsionguultiplexing communications cell, the second

sector being located adjacent said first sector, said blocks including blocks of a first size, blocks
of a second size, and blocks of a third size, the base station comprising:

a tone allocation module for allocating tones for use in each of said first and
second sectors, said means for allocating tones allocating a first set of tones to a first
communi¢ations channel in each of the first and second sectors, allocating a second set of tones to
a second communications channel in each of the first and second sectors, and allocating a third
set of tones to a third communications channel in each of the first and second sectors; and

a communications module for:

i) using the first set of tones in the first sector during a first period of time to
communicate information corresponding to blocks of the first size while having the tones in the
first set of tones go unused in the second sector while said tones are being used to communicate
information in the first sector;

ii) using the second set of tones in the first and second sectors to communicate
information corresponding te blocks of the second size during a second period of time, the step of
using the second set of tones during the second period of time, using the second set of tones
including:

transmitting information corresponding to blocks of the second size in both the
first and second sectors at the same time using the same tones, the same tones being a first subset

of tones in said second set of tones, for transmitting information corresponding to blocks of the



transmtting information corresponding to bl ocks of the second size in both
the first and second sectors at the sane tine using the sane tones, the
sanme tones being a first subset of tones in said second set of tones, for
transmtting information corresponding to blocks of the 34 second size in
the first sector using a second subset of tones in said second set of tones
while the tones in the second subset mhlch are used to transmt information
in the first sector go unused in the 4econd sector; and transmtting

i nformati one&Qi £1§‘e5198%@ﬂ}sf‘§ct&qls19é QEe'ééldSJstt Uﬂo&?&%&g se'%bn?deset' o@to&%ﬁhlléﬂﬁond sect or

using a third subset tones In said second set of tones e tones in
the third eispinghe W%ﬂlb%ff whighsagiuspdio trangmi pRfermption it ha firs'octerge pmsedsiac ond
sector go undtkeesld bedtof, Bl frankSikting @Edr@dition cadRgpohdirigho usakmgftﬁemecohmliedn met of tones

in the first and Secon ni cat e tion.corresponding to
bl ocks of tHREM HP Hﬁmﬁzgm'ﬁ?¥%°fmm?ﬁ“ﬁgu Imsmﬁfg?ﬁ %gg k gl %ﬁ@égln sai d

third set olubsetortech apeiserpfo mglanhttmfortnma)nsnﬂhe seiogrid gectra 29 grnlsqdnn thhéirsf. sectet  and
second sectgps at the sane tine.

ii1) using the third set of tones in the first and second sectors to communicate
information corresponding to blocks of the third size during a third period of time, the tones in
said third set of tones being used to transmit information in the first and second sectors at the

same time,



