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[0002] The present invention relates generally to data communication, and more

specifically to techniques for transmitting pilot and signaling (e.g., rate control)

information on the uplink in wireless communication systems.

II. Background

[0003] Wireless communication systems are widely deployed to provide various types
of communication such as voice, packet data, and so on. These systems may be
multiple-access systems capable of supporting communication with multiple users

( sequentially or simultaneously by sharing the available system resources. Examples of
such multiple-access systems include code division multiple access (CDMA) systems,
time division multiple access (TDMA) systems, and orthogonal frequency division
multiple access (OFDMA) systems.

[0004] An OFDM system employs orthogonal frequency division multiplexing
(OFDM) to effectively partition the overall system bandwidth into 2 number of (N)
orthogonal subbands. These subbands are also referred to as tones, frequency bins, and
frequency subchannels. Each subband may be viewed as an independent transmission
channel that may be used to transmit data.

[0005] In a wireless communication system, an RF modulated signal from a transmitter

may reach a receiver via a number of propagation paths. The characteristics of the
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than the channel coherence time to maintain high system performance.

[0008] In the downlink of a wireless communication system, a single pilot transmission
from an access point (or a base station) may be used by a number of terminals to
estimate the response of the distinct channels from the access point to each of the
terminals. In the uplink, the channel from each of the terminals to the access point (
typically needs to be estimated through separate pilot transmissions from each of the
terminals.

{0010} Thus, for a wireless communication system, multiple terminals may each need to
transmit a pilot on the uplink to an access point. Moreover, signaling information such
as rate conirol information and acknowledgments for downlink transmission may need
to be sent on the uplink. If the uplink transmissions are performed in a time division
multiplexed (TDM) manner, then each terminal may be assigned a distinct time slot and
would then transmit its pilot and signaling information in the assigned time slot.
Depending on the number of active terminals and the duration of the time slots, a

relatively large fraction of the uplink transmission time may be taken up by the pilot and
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[0013] Using subband multiplexing, an accurate channel estimate may be obtained for

each terminal for the entire usable band based on uplink pilot transmission on only a
small subset of the usable subbands. If the total energy used for pilot transmission on S
subbands is maintained so as to equal to the total energy otherwise used for pilot
transmission on all M usable subbands, then it is possible to use the pilot transmission
on only S subbands to accurately interpolate the channel response for the other M —S
subbands.

[0014] -One embodiment provides a method for transmitting pilot on the uplink in a
wireless communication system (e.g., an OFDM system) with a plurality of subbands.
In accordance with the method, M usable subbands suitable for data transmission in the
system are initially partitioned into Q disjoint groups of subbands. The Q groups may
include equal or different number of subbands, and the subbands in each group may be
uniformly or non-uniformly distributed across the M usable subbands. A different
group of subbands is assigned to each of one or more terminals for uplink pilot
transmission. Pilot transmission is then received from the one or more terminals on the
assigned groups of subbands. For each terminal, the transmit power for the pilot in each
subband may be scaled higher (e.g., by a factor of Q) so that the same total pilot energy

is achieved even though the pilot transmission is over S instead of M subbands. The
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an OFDM sysdigan t hat supports a nurrber of users; [0019] FIGS. 2, 3, and 4
illustrate a frame structure, an OFDM subband structure, and an OFDM
subband structure that supports subband nultiplexing, respectively; [0020]

FIG 5 shows a process gifpRHRSERPTION OF THE DRAWINGS N9 subband

mul ti pl exing; C
[0017] The features, nature, and advantages of the present invention will become more

apparent from the detailed description set forth below when taken in conjunction with

the drawings in which like reference characters identify correspondingly throughout and

wherein:
[0018} FIG. 1 illustrates an OFDM system that suﬁports a number of users;
[0019} ‘FIGS. 2, 3, and 4 illustrate a frame structure, an OFDM subband structure, and
an OFDM subband structure that supports subband multiplexing, respectively; _
[0020] FIG. 5 shows a process for transmitting uplink pilot using subband multiplexing; (~»
[0o21} - FIG. 6 illustrates a frame structure that supports subband multiplexing for uplink
pilot and signaling transmission;
[0022] FIG. 7 is a block diagram of an access point and a terminal in the OFDM
system; and
[0023] FIGS. 8A through 8C show pldts of potential savings that may be realized with

subband multiplexing for uplink pilot and signaling transmission.

DETAILED DESCRIPTION
[0024] The word “exemplary” is used herein to mean “serving as an example, instance,

or illustration.” An embodiment or design described herein as “exemplary” is not
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mul ti pl exi nk pilot and signaling transmssion; [0022] FIG 7 is a
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[0023] FIGS. 8A through 8C show plots of potential savings that may be
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transm ssion. DETAI LED DESCRI PTI ON [ 0024] The word "exenplary" is used
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[0027] Terminals 120 may be dispersed throughout the system. A terminal may also be
referred to as a mobile station, a remote station, an access terminal, a user equipment
. (UE), a wireless device, or some other terminology. Each terminal may be a fixed or a
mobile terminal that can communicate with one or possibly multiple access points on
the downlink and/or uplink at any given moment. The downlink (or forward link) refers
to transmission from the access point to the terminal, and the uplink (or reverse link)
refers to transmission from the terminal to the access point.

Q. [0028] -In FIG. 1, access point 110 communicates with user terminals 120a through 120f
via the downlink and uplink. Depending on the specific design of the OFDM system,
an access point may communicate with multiple terminals simultaneously (e.g., via
multiple subbands) or sequentially (e.g., via multiple time slots).

[0029] FIG. 2 illustrates a frame structure 200 that may be used for the OFDM system
if a single frequency band is used for both the downlink and uplink. In this case, the
downlink and uplink can share the same frequency band using time division duplexing
(TDD).

[0030] As shown in FIG. 2, downlink and uplink transmissions occur in units of “MAC
frames”. Each MAC frame may be defined to cover a particular time duration. Each
MAC frame is partitioned into a downlink phase 210 and an uplink phase 220.
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[0032) Frame structure 200 represents a specific implementation that may be used for
the OFDM system if only one frequency band is available. If two frequency bands are
available, then the downlink and uplink may be transmitted on separate frequency bands
using frequency division duplex (FDD). In this case, the downlink phase may be
implemented on one frequency band, and the uplink phase may be implemented on the
other frequency band.

[0033] The pilot and signaling transmission techniques described herein may be used
for both TDD-based and FDD-based frame structures. For simplicity, these techniques )
are described specifically for the TDD-based frame structure. (

[0034] FIG. 3 illustrates an OFDM subband structure 300 that may be used for the
OFDM system. The OFDM system has an overall system bandwidth of W MHz, which
is partitioned into N orthogonal subbands using OFDM. Each subband has a bandwidth
of W/N MHz. Of the N total subbands, only M subbands are used for data transmission,
where M < N. The remaining N—M subbands are not used and serve as guard bands
to allow the OFDM system to meet its spectral mask requirements. The M “usable”
subbands include subbands F through M +F 1.

[0035) For OFDM, the data to be transmitted on each subband is first modulated (i.e.,
symbol mapped) using a particular modulation scheme selected for use for that subband.

For the N—M unused subbands, the signal value is set to zero. For each symbol
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selective fading, which is characterized by different channel gains at
di fferent FieRthydheilel distortion degrades| Rerfoymaance by dmparting the ability ta\egrrectlyown

t hat freque I : ' | = [ el 3 1),
q Hﬁé’ctﬁﬁ: r@é‘ewaaesg;%bg,g& ;Iggﬁ?e'rléf&léc:ﬁw a0 bel &3 @i@%ps&b&eﬁ )

whi ch i s a phenonmenon wh synbol I n aTecelve al acts as
di storti on with QXM y eepeatingrb pbtion of {drappendiigeetyclis pfialto) cabletrirSfordiedt or t i on

degrades peL{ ol TR & Weok IR NG 2bb] Wichs G20 kS5 Hikea.
[0037] The length of the cyclic prefix (i.e., the amount to repeat) for each OFDM

symbol is dependent on the delay spread of the wireless channel. The delay spread for a
given transmitter is the difference between the earliest and latest arriving signal
instances at a receiver for the signal transmitted by this transmitter. The delay spread
for the system is the expected worst case delay spread for all terminals in the system.

To effectively combat ISI, the cyclic prefix should be longer than the delay spread.
[0038] Each transformed symbol has a duration of N sample periods, where each
- sample period has a duration of (1/W) psec. The cyclic prefix may be defined to
comprise Cp samples, where Cp is an integer selected based on the expected delay
spread of the system. In particular, Cp is selected to be greater than or equal to the
number of taps (L) for the impulse response of the wireless channel (i.e., Cp=L). In

this case, each OFDM symbol would include N +Cp samples, and each symbol period
would span N+ Cp sample periods.



detect the received synbols. Frequency selective fading can be conveniently
conbated with OFDM by repeating a portion of (or appending a cyclic prefix
to) each tWRRWHH$EH symbol to form a correspondi ng OFPiraspdwek3saswhi ch i s
then transmtted. [0037] The length of the cyclic prefix (i.e., the anmpount
to repeat) for each OFDM synbol is dependent on the del ay spread of the

W rel ess channel. The delay spread for a given transmtter is the

difference between the earliest and latest arriving signal instances at a
recei ver UplinkPlotTrgnsmissiamsnitted by this transmitter. The del ay spread

for the systemis the eﬁl&ect ed worst case delay spread for all termnals in
the §P3%kem TH WMedFPYeiyieamsnplets p transpittedyon the uplink by the erminalpto | onger

t han t he 100 d l.on of N
sanpl ¢ peroade EEE foint BEHaEARE WpEASRRIT e BETHD TOAR SRR GRARE O T
cyclic prefiswn mBFIGhe Beaisedeatien eachcterminab earCpassaiip ite aplinih pilet igpthe pilan i nt eger
sel ected based on the eégsﬁct ed delay spread_ of the system In_particular, °
Cp is sel &eAMR PlgtyAssIgReciely hyRLGRILYy each tpaminad trapsanits thépplinkagilot ghall M ) f or :
t he i mpul ' Rl hamaelokid-then : I s case,
each O:wﬁga;?ﬁn%%ilggﬁmgglagé i‘ﬂl{nfél?uégéélr S'%+ Cp&'sarrpl egl,glhatﬁe aél?@rhﬁ}gﬁ%egf k’g‘é‘F H?)d woul d
span N + egimaejheupok duiane\@spa3d/ 468 e afiveUBAblevamd4 SARhowgh fHid i nk

Pilot T i ssi 0039] | stenms, .pi.l ot tr itted
Phe upl | MBS ool Batsmssen <heBS WetfRshVe AR 0 atetbeie since 5 Felbh TR e o
upl i nk chgRp@dn oflthe iplRik 'phase iRy be as& folr pil6t t!:'zix@mis%ﬂﬂ%% lal] atti¥e tefmingisUsed,

then each ternminal can transmt its uplink pilot in the pilot segnment of
its assi gride pdpioregmants fergll getive derminals may plomprise 8 darge freeteon gf| the kpimik ot i n
all M us R g subbands and at full transmt power. This would then allowthe
access poirnt to estimate the uplink channel response across the entire‘\.
usabl{@4bpnd. Alledhmigmbs tifei provided hedeinpiol moret efficientlys gamsmispileoa the uphidkect i ve,

it is also ineffjicient spnce relatively large fraction of the up]ink
phase may “bg‘eér'&g\iiswmﬁi :Tg&’ete?fﬁ?%ﬁ ggﬁgt,%anagnsg}qns forherfigsigned The

pi | ot segERdH that Lburdle! chdfrel ¥Qirh KETERADS obtRie & PEFLIS Sctfve | t@ndRalal dPn Of the
upl i nk phase. C [0040] Techniques are provided herein to nore efficiently

transmit g eplinkpilohtransplissign fromt the tarmmals Faveaver, Tohdsebeen idiscovered that pi | ot
transm ss Itl?enqusafipyegfeﬂlg %ﬁzgnsnef Qstll%r?atgsef%'ggggrg.lly determined by the total energy of the -

pilot rather than the specifics of the pilot transmission scheme. The total pilot energy is

equal to the transmit power used for the pilot multiplied by the time duration of the pilot
transmission.
[0041] An accurate channel estimate may be obtained for the entire usable band based

on pilot transmission on only S subbands, where S is selected such that Cp< S <M and

is typically much less than M. One such channel estimation technique is described in (
the aforementioned US. Provisional Patent Application Serial No. 60/422,638, US.
Provisional Patent Application Serial No. 60/422,362, and U.S. Patent Application
Serial No. [Attorney Docket No. 020718]. In fact, it can be shown that if the total
energy used for pilot transmission on the S subbands is equal to the total energy used for
pilot transmission on all M subbands, then it is possible to accurately interpolate the
channel response for the other M ~S subbands based on the pilot transmission on the S
subbands using the channel estimation technique above. In other words, if the total pilot
energy is the same, then the interpolated channel response for the M —S subbands
would typically have the same quality (e.g., the same average mean squared error) as

the channel estimate obtained based on pilot transmission on all M subbands.



such t hat accurate channel estinmates can be obtained for each active
term nal ﬁg % the uplink pilot transmssion fromthe term nal. However,
it has bee® Nt 3‘89)‘\9@ ed that the quality of tHhe channel RSKUI203054503
generally determ ned by the total ener of the pilot rather than the
specifics of the pilot transm ssion schenme. The total pilot energy is equal
to the transmt power used for the pilot rrultiplied by the tinme duration of
the pila tran si,on 0041] An acc chanpn estimte may, be obtai ned
f or tk\@‘@ntire gg@’ﬁf’ tﬁg"‘ %’G 8rst) ?]FOLWEIHEW&S@ ﬁO&Wifz‘Spﬁ obands,
where S i SsiaRl@AEREYSHE el BRINKTP T irmplembhfithbak nju cg;ue;ahg YihBUohudBRsS than
e

M One such channel "estinmation technique is describ t he “af or enent i oned
US. Provi ssehbahdsPaeehe pagitiphesaintcoQ dsjoindlgroups ob subbaadscssgh this.eactPnsablesi onal

Pat ent Appl| on_Ser. al , No. 6014 6 U.S. Patent i cation
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. the tot al | GEREE e JfRablndSt anldr tAB SAbSRUS th @d&ht%i'@u;Sm% yeaiffornly &qual to
the total energy used for pil ot transnission on a M subbands, then it is

possi bl e taowaljmaﬂéﬂgﬁmmteérasmsatl@ Misable sulphands. rleisdspsrotingeessatk tolseer M- S
bbands b b
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energy is pllet tsmsmissionen the interpol ated channel response for the M -

subbands woul d_typically have the sanme_qual i H)éﬂ’(e g., the sarreQaver age rrean
squar é@“é}ror) J&ant‘?ﬁ‘g’o@%hé?ac'éﬁwfl@lmé anlss avhersn S5 LMY Qlr @ ni ssi on

on all #ggﬁﬁ 394 0408§W‘§BPCTIU82003/034507 9 [0042] .Subbhand

nul ti pl exi y "ﬂ@reus P% PPATRIOF- o ribe Pymber of ;spbbands in §pqhot
S|nultaneous e up l.ink. To.i subba ex

usabl e sul% 3) ?)la{ptolrtgregﬁ ZER%E’% a@(isgfe g; '@i‘&ﬁb‘ (ﬁﬁngﬁlﬁ)ﬂﬁlds such
that each yambé mngawatmad nRPP Sctfate ammébesﬁmte@mob@obtmfn at all. The Q groups
may include the_sane or different nunbers of subbands, and the subbands in

each dPWdh may BdGydAiHesiratey a@uembﬁém@ﬁpfamqfwé@m PUESEE 498 thpd nayrke M

usabl e sub b‘?g’i\ks r I dsp he Q

groups (i. liaf@‘?ijs%rrne usabl e %u%g}ar?ggcﬁn@ﬂb%ﬁ m tte ?O%Ml@ﬁ’é}‘&g‘ ﬁnst

transni ssi embodingdy 3he Musable anblpuidsrerctipitiaily Idngde«iuptu $disjoimtssess, wubtcacmds,

mﬁ{)gr Sof E%Bgﬁgg E)gcogg‘%ane%bb% %’he IQ subb n% gaschtsgtearg: Ls%?grneg P etrhabor - The
groups such that the i-th subband in each set is a331gned to the i-th group. The S

subbands in each group would then be uniformly distributed across the M usable
subbands such that consecutive subbands in the group are separated by Q subbands.
The M subbands may also be distributed to the Q groups in some other manners, and
this is within the scope of the invention.

(  [0045] The Q groups of subbands may be assigned to up to Q terminals for uplink pilot
transmission. Each terminal would then transmit the pilot on its assigned subbands.
With subband multiplexing, up to Q terminals may simultaneously transmit pilots on the
uplink on up to M usable subbands. This can greatly reduce the amount of time needed
for uplink pilot transmission.

[0046] To allow the access point to obtain high quality channel estimates, each terminal
may increase the transmit power per subband by a factor of Q. This would result in the
total pilot energy for the pilot transmission on the S assigned subbands to be the same as
if all M subbands were used for pilot transmission. The same total pilot energy would

allow the access point to estimate the channe] response of the entire usable band based



group should be equal to or greater than the delay spread Cp so that the
effects of ISI can be mtigated and a nore accurate channel estimte can be
obtai n. [ O¥Q2904940827 4 | | ustrates an enbodi meat of an OPDWYSR2000/03407 UCt Ur e
400 that may be used for the OFDM system and whi ch supports subband

mul tiplexing. In this enbodinent, t helO usabl e subbands are initiall y
divided into S disjoint sets, with each set including Q consecutive
subbands. The subbands in each set are assigned to the Q groups such that
the i-th Sabbavhset af BecM vseblej sybbansds gridh little ethno jlossHngrualipy, a¥idescgibed ubbands
I n each 9LQ woul d then be uniformy distributed across the M usable
subbands such 't hat consecutive subbands in the group are separated by Q
subbagmEs; The TeSOBDRNEStefBbnaIbsopetatei fil 4 iflegicdy thand figat BagaPepMHR Sone
ot her manners, and _this is within the scope of t%e i nvention. [0045] The Q

groups of POWeh&aesrait\of fo dBsiMizeand g taigl Pewer censtraimilof P oW @Bm-niFopi | ot

transm ssi a ' ) |, ! ORfl. i I gned
subbands. eg%lpﬁ’ @&b%gﬁlg‘mn%tb%ﬁe@%%gﬁg%é ?@%‘%5‘%@%“3@ %n%sy&ss%%ﬁe&z%eousl y
transmt NItls UNIT2hend UNH-BK Theseuthrdeofréduatabbands Haba tudal. trahisingt posver gr eat | y
reduce the anount of tinme ne | ILnk pilot transm ssion. ‘{?0046] To

d f
al | ow t he TetEeR@s of; 1y Zﬂom@bfﬂdﬁﬁﬂhﬁlﬁ uu%ﬁHZt WHRHECts: of vt b and A2 h -
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woul d result I1n the totadl pilot energy the pilot” transmssion on the S
assi gned shbhlravedtpowerisensthimnis fomheathred frequency\bandblzarttiat the per MdEdpdwer pi | ot

s 1t o RBSEREn G T SBERREE i o N et SinetranEis B £ 52 8650 20041 040827
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loss in quality, as described below_ [0047] The OFDM system nmay be operated
in a frequeed jorymiiak pHet ramgmissiopeavenif,the pen iz stk totalipewen FOSUEIBI HEz and a

 nctudbs. rPCRRol el tlndl, M ARGEY nF SRRLE ool fye Sipotbe BT

UNI | - 3. Theaele gtdupéeafprexmetalyyl MEv] theinaaeh tearhilal tanotrasinit theouplink piks bni cti ons
of 17, 24, d .30 dBm.an er Mz power restrictions qQf 4, 11 and 17
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based on My power constraint. The total transmit power for the S subbands would then be

équal to P-S dBm, which is approximately equal to P-W dBm since S =W due to the
1 MHz spacing. In general, the per MHz and total power constraints can be met by
appropriate scaling as long as S > W, where W is given in units of MHz.

[0049] In an exemplary OFDM system, the system bandwidth is W= ZOMHZ s
N =256, and M =224. The OFDM pilot structure includes Q =12 groups, with each

group including S=18 subbands. For this pilot structure, 216 of the 224 usable (
subbands may be used simultaneously for uplink pilot transmission and the remaining 8
subbands are not used.

[0050] In general, the amount of transmit power that may be used for each subband in
each group is dependent on various factors such as (1) the per MHz and total power
constraints and (2) the distribution of the subbands in each group. The terminals may
transmit the uplink pilot at full power even if the spacing between the subbands is not
uniform and/or is less than 1 MHz. The specific amounts of power to use for the
subbands would then be determined based on the distribution of the subbands among
the Q groups. For simplicity, the S subbands in each group are assumed to be uniformly

spaced and separated by the required minimum spacing (e.g., at least 1 MHz).



the | owest power constraints for the three frequency bands, so that the per
MHz power OBt is P = 4 dBm Mz and the total poveCT/useeXasasomt is P
W =17 dBm [00481 The groups of subban{js may be formed such that full
transmt power may be used for uplink 1pi | ot transm ssion even if the per
MHz and total power constraints are inposed on each termnal. In
particular, if the spacing between the subbands wthin_ each group is

appr d¥9htely 2 15y 2 HoW <hagram Of an ebodupent of Acprpeest 1560 don FHRMIINGt on
all S sub [ | BoYET Eﬁﬁ f till
abi de by the pe?ﬁ&MEgﬂ%os\%g?dngo?@tl@él nt e %ﬂ(‘yf]g@g?lrglaglss?n?dsggbmaé]rag?%? the S
subbands vptitionedantob@ digojntraups Bf stbbaBdy (sedp 512)i SThip panitionmahyy bgqual to P
W dBm si nce = due to th 1 spacin I neral , the per and
Lotal powdrertogmed Pae st o b exprsiead Az, b CIEEN geiap: demebioghes s > w
where Wi sMObs4BR shbbandd fndy B dihifmi itibrfe dARh&X SRy (N the
syst em bandw dt h Si S V-V:20|V¥|Z, N :cgzlgg,ﬁzg‘gtrl]d Ma‘2 %4. T%faay}téle\/l S’??{%éfqg]t ructure
i ncl udes .Qheisystgmolepding.wikion esample, v grouns| mdy rbg fermed gndenBighhdysterFor t hi s
pilot structure, 216 of the 22 sabl.e .subbands, may he used sinultaneously
Por Cupt i nidoping end POrCibid BAY i 1Rk oafit BRAN SR adan o6 o b8 oo
[0050] | n @efiesrihg iststich thambééonditidn' VTP # sPRE féftath BRwpbe used for each
subband in each group is dependent on various factors such as (1) the per
MHz ajfi52]ot al pOne igroupoofs subbamdssisaassighd) ta leechdiastivei terminah fa@f upling pildbbands i n
each group. The termn ransm.t the upl.in | Lot, at .full power even
if the spa%&“ﬁémt&ﬂgltl%erﬁ%}ﬁﬂéma anég‘T%@? “Efﬁi l}eocﬁﬁp%p&? c‘?lqut‘iPs Fhan 1

. The spedér tirbe, A8 URdySbeDdigIElo the tétfifind] O'THeRAfterS EhiPRATINYOKAENien be
determ ned based on the distribution of the subbands anong the groups.
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nul tiplexing. Initially, the Musabl bband titioned int
di sj g?nsxé%fﬁs : %B%Enﬁsgﬁpésa@i%tguuﬁﬁi r%&?rg?l?‘%ﬁfrlr{lar Iﬁg{{g‘e%ré’hgﬁ’ r?or med
once basedsbahd)anBXH8S be ShecFRAibYAhé BcdeBLpSIPMEYEARED to'tht ritiddl ¥Ring, the M

usabl e subbands may be dynami cally partitioned whénever warranted by changes
in with the subband assignment. : :
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[0053] The access point receives uplink pilot transmissions from all active terminals on
all or a subset of the M usable subbands (step 532). The access point then processes the
received signal to obtain per-subband channel estimate for the subbands assigned to
each active terminal (step 534). For each active terminal, the channel estimate for the

entire usable band may then be derived based on the per-subband channel estimate

Y

obtained for the assigned subbands (step 536). The channel estimate for the entire
usable band may be derived from the channel estimate for a subset of the usable
subbands using various techniques. One such channel estimation technique is described
in the aforementioned US. Provisional Patent Application Serial No. 60/422,638, US.
Provisional Patent Application Serial No. 60/422,362, and U.S. Patent Application
Serial No. [Attorney Docket No. 020718]. The channel estimate for the entire usable
band may also be derived by interpolating the per-subband channel estimate for a subset
of the usable subbands.

[0054] For each active terminal, the channel estimate for the entire usable band may
thereafter be used for downlink and/or uplink data transmission to/from the terminal

(step 538). The uplink pilot transmission and channel estimation are typically



the system | oadi ng. For exanple, fewer groups may be forned under |ight
system | oading and nore groups may be fornmed during peak system | oading. In
any case, the partitioning is such that the condition S > Cp is satisfied
for each gwowoos/ds0¥2] One group of subbands is assi gnedPé §§@J703%t7i ve
terminal for uplink pilot transmssion (step™514). The subband assi gnnent
may be determned at call setup or at j7a later time, and may be signaled to
the term nal. Thereafter, each termnal transmts pilot on the uplink on
its assigned subbands (step 522). Each terminal may al so scale up the
transmt I i LS LSS 1 f
transmt Qg?({)ﬁw{élraﬂz?gg{) O?&ggﬁﬁgﬁgﬁwiﬁgﬁgeﬁ?g?omo‘r%{gﬁdhgggggﬁg?ﬁ%%&vari ous
fact ors nestadateabove. The ampunt of transmit power to use for each subband

(or each group,.of s and al so be specified by the access point and .
si gna[&gg]to thél%ﬁéw}ﬂ%%faahfﬂ’?fsw?rnmwemf&a%g 3ssi gnment. [0053] The
access point receives uplink pilot transm ssions fromall active termnals
on all or a sybsgfoPfpthe Musable subbands (step 532). Thﬁ ggcess point

t hen processes The TecCeived signal to obtain per-subband c %nnel estimate
for the subbands assigned to each active termnal (step 534). For each
active term nalwhetdha shaveeer wethilV amtries fop thet symbolstetdivedusmathé N shbbghdsay t hen
be derived based on the per-subband channel estimate obtained for the

assi gned subbarxigs @svesor58iE) N itdes farthe [symbols teanemitted o éheeNtsubbandssabl e
band may be derived fromthe channel estimate for a subset of the usable
subbands usi ng vari 3RS NtAGH BIRRCIudp Zete8)eh channel estimation technique is

described in the afo i 2 Proyicsi | gat.i Seri al

No. 60/ 422, 638,ﬁd§.aaf" g?gyl]gécg(?fa r@t%@ﬁ%@@%ﬁ%@@% b@%%? %8%222, 362,

and U.S. Patent Applpoattah@fermiz@l;i al No. [Attorney Docket No. 0207181. The

channel estimate for the entire usable band may al so be derived by

i nterpol ati ng tiés eadditinehentg Gavasiaehoisss¢AWEIND vieotor forshenN subbapds;tahd usable
e terninal,, the channel estimte for the

subbands. [0054] ,For eac tiv !

entire usable f)ué’nd Fholes BﬁZﬁ%A&PQIQrPIB uGh 8- FROINEIRG | Rreduchnihese e 4tHk dat a
transm ssion to/fromdhs, L pal : i hl ot transm ssion
and channel esti matir%l)n a}gpg%?%méﬁmgg@%i%%u%%sgg%/ 034507 12

continual |y perforned duri n% a comuni cation session to obtain up-to-date
channel e noise N is assumed to have zero mean and a variance of o°.
[0056] With subband multiplexing, each active terminal transmits pilot on its S assigned

subbands during the pilot transmission interval. The transmitted pilot for each terminal
may be denoted by an (Nx1) vector X;, which includes a pilot symbol for each of the S
assigned subbands and zeros for all other subbands. The transmit power for the pilot

symbol for each assigned subband may be expressed as Py =x?

ij?

where x; ; is the

pilot symbol transmitted on the j-th subband by terminal i. (
[0057} A per-subband channel estimate ﬂ:'w for terminal i may be expressed as:
" =r/x,=H4+n/x , Eq (2)

where H,  is an (Sx1) vector and a, /b, =[a, /b, ... a5/b)", which includes ratios

for the S subbands assigned to terminal i. The per-subband channel estimate

A _meas

H, may be determined by the access point for terminal i based on the

received and transmitted pilot symbols for each of the S subbands assigned to



estimates. [0055] The nodel for an OFDM system nay be expressed as: r=Hox+n
, Eq(l) V\/Q,%goor s a vector with Nentries for the synbols received on the
N subbands; P@40827% ector with N entries for-the synbol BCY/usaossiozasoed on t he
N subbands (sone entries may include zeros); His an (Nxl) vector for the
channel frequency response between the-access point and termnal; nis an
additive white Gaussi an noi se (AWGN) vector for the N subbands; and "o"
denotes the Hadmard product (i.e., point-w se product, where the i-th

el ement of r ishd emBaRdYRE petsubbd chiafinetlegiMmmleSAST ¥ Bdinklcative6r thei Se N s
assuned to have zero nmean and a variance of a2. T()056] Wth subband

mul ti pl exi ng, echamehftquency esspomseafortteranisalii for the Baksignedistitbafidsaassi gned
subbands during the pilot transm ssion interval. The transmtted pilot for
each {08p8% nal Ampstyeatgdiont Hyimhgquation \ik) yayebe @btained frpmcthe insesukheada pi | ot
synbol for each of the S assigned subbands and zeros for all other
subbands. cHasnd estimate tH powesing evetihiechpiiques. Gnendnoh tdchniiqes @b natediapoes] subband
may be expressed as PuL = x; 1, where x,./ is the pilot synbol transmtted
on the j-ti daseriheddingihe; aforgmentioped USoFrpvisiopalr Patgnh Applicatiom nteriabNG.mat e Hr
for termn | Y rRe . STURT N N aH: 9 ) ere H
M~ is an ?dé@gl’@\’/yc%f grﬁ%ggr’l] aﬁggﬁ:quéﬁCLtm éeé&f Nz?s' 6¢ %%é?qz ,anghqf'%hpa}u\%l udes
ratios forApplizatorsSdrizh Nos [ As@hgiRetkeONs.€020708). i. The per-subband channel
estimate H, nmay be_determ ned ?f/fat he access point for _termnal | based on

the 98%ived dhallty syhbands ag upsd for daty Misnsmispigp (etac M 5N )k Heam bs $BOWAdS
assigned t g@,ggéz eltdm '
per - subban atc gnn%#( est | nég[rgrclal_\g t %%ﬁ%ﬁ%&?ﬁlve o%tgﬁ%ﬂé(:@rgﬁh%lo};mleoéuency
rgsponse fuwmstassionnzl only fSosubbhrels Ssmgshe teelinisub deseribed [rOGE 3forémentiinedat e f or
Hin equatjgng(1l) .ma bt ai.ned fgom.the - a channel timate
usi ng sevep§1 P%oé%%?ﬂ%t}%ge.n?&@%ﬁ%% 58‘&%&8&874&2%3& gg %%V%?nalilgﬁ@éscri bed
in the af opppmiatibnSedal USo. 60/022,36208@d URSit BhéntARpilice@dn SétiabeVd. JAttdhey

Docket No. 020718] is the same as the MSE for the channel estimate obtained based on

pilot transmission on all N subbands, if the following conditions are satisfied:

1. Choose S=2Cp and S2W;

2. Uniform distribution of the S subbands in each group across the N total
subbands; and

3. Set the transmit power for each of the S assigned N/S times higher than

the average transmit power P, defined below.

avg

[0060] The total transmit power that may be used for transmission by a terminal is

normaly constrained by the lesser of (1) the total transmit power P, of the terminal

(which may be limited by the terminal’s power amplifier) and (2) the total power

constraint P-W of the operating band. The average transmit power P, is then equal

avg

to the smaller of P,

total

/N and P-W/N. For example, P, =P-W/N if the total

ave
transmit power that may be used by the terminal is limited by regulatory constraints

[0061] If only a subset of the N total subbands is used for data transmission (i.e.,
M<N), which is the case if some subbands are used for guard bands, then the
minimum mean square etror (MMSE) is only attained if S=M. However, it has been
found in the aforementioned US. Provisional Patent Application Serial No. 60/422,638,
US. Provisional Patent Application Serial No. 60/422,362, and U.S. Patent Application



60/ 422,638, US. Provisional Patent Application Serial No. 60/422,362, and

U. S. Patent Ap)olication Serial No. [Attorney Docket No. 020718]. [0059] If
al |l N subB¥»@¥W4840827used for data transm ssion.(i.e., M BCRUS2008/03897 be shown
that the nean square error (MSE) for the channel estimate obtai ned based on
pilot transmssion on only S subbandsl4usi ng the techni que described in the
af orenenti oned US. Provisional Patent Application Serial No. 60/422, 638,

US. Provisional Patent _Application Serial No. 60/422,362, and U.S. Patent
Appl i cat i atEdYQ. hhttegmey pmﬁ@rmepzom that ifNp= 1048y tgh thesMBHds elgseetothe t he MSE
for the c e timgt e obtai ned base ilot _transm_,ssion on all N
subbands, rf\il?r')lg‘!z’:he B dGF E%?ﬁdpt‘i"glﬁg ‘gﬁi?s?a@i' he y&)SE is mipjgpaed forthe o and S
> W; 2. ' I+S i ' f Cvaty] N rfss the N
(otal suShandera® JoHd Bihes of RROCHHIAGT ShoRP N sHRHE. 3BT La N
/S ti nmes foliayheg condaionstakesatisBedage transnmit power P'g defined bel ow. [0060]
The total transmt power that may be used for transmssion by a termnal is
nornal |y constfai neChbyset$re 1lieysanid 8> WL) the total transmit power Pty,, of
t he term nal which nmay be limted by the termnal's power anplifier) and
(2) the total %owerUnéanQ}yr@iismbUE the \§¥ efbbands bpeacht groyp bemsk. thehW dater age
transmt power P,,,gugbsaﬁéshen equal to the smaller of Pt" / Nand P. W/ N
. For example, P,,,Q0 = ’\‘?\79 Nif the total transmt power that may be
used by the tenm nabei theltrdibin@thoiér FGOtHcAR b tYe SORSiheH StbBad@NGY] tiesonl y a
subset of the N total subbands is used for data transmssion (i.e., M N),
which is the case i higherthas themyenage rresmitpayverdr,, geseribedhzhods, then t he

m ni rum mean square error (MVSE) is only attained if S =M However, it has
been found in the afaorenmenti oned US. Provisional Patent Application Serdal
No. 60/ 4228 SIERAUNIE FARSHUSSION Pat ent Application Serial No. 60/422, 362,

nk Signad ,
and Pat en | ication 2004/ 040827 PCTI US2003/ 034507. .14 Seri al No.
At PF2) Dociedh TRBY G5 Byt hq ey may e o A ETBRE INEOTEIRTER. o ¢ he
MVBE. Henc, thé @plidk® $i8:8cdsh pohit.C BoSexamplé, thNterfuitil MBEy héedothfdrmedle f Or the
channel estinate obtai ned based on pilot transm ssion on only S subbands, if

the fol | GafasgPeishel the sris(shieussdpr dewrlipk data transmission, send acknowledgment
for received data packets, and so on. The signaling information typically comprises a

o

small amount of data, but may need to be sent in a timely manner, and possibly on a
regular basis.

[0063] In some systems, rate control information may need to be sent on the uplink to
indicate the rate that may be used on the downlink for each of one or more transmission
channels. Each transmission channel may correspond to a spatial subchannel (i.e., an

eigenmode) in a multiple-input multiple-output (MIMO) system, a subband or

'

frequency subchannel in an OFDM system, a time slot in a TDD system, and so on.
Each ter:rninal may estimate the downlink channel and determine the maximum rate that
may be supported by each of the transmission channels. Rate control information for
the transmission channels may then be sent back to the access point and used to
determine the rate for downlink data transmission to the terminal. The rate control
information may be in the form of one or more rate codes, each of which may be
mapped to a specific combination of code rate, modulation scheme, and so on.
Alternatively, the rate control information may be provided in some other form (e.g., the
received SNR for each transmission channel). In any case, the rate control information
for each transmission channel may comprise 3 to 4 bits, and the rate control information

for all transmission channels may comprise a total of 15 bits.



1. Choose S =1.1 Cp and S > W; 2. Uniformy distribute the S subbands in
each group across the Mdata subbands; and 3. Set the transmt power for
each of the S assigned subbandsN S tinmes higher than the average transmt
power P., described above. Uplink Siffialina Transm ssion [00621 I n many
wirel ess sYQ#¢0408He terminal s my need to send signal i RGI/USeX0PAs07ON  ©n
the uplink to the access point. For exalg‘pl e, the termnals my need to
informthe access point of the rate(s)-to use for downlink data

transm ssi on, send acknow edgnent for received data packets, and so on. The
signaling information typically conprises a_ small anmount of data, but may
need t[BOf%b sent Asangther Gramplerchannel resprnse 65 Eegiepey, selectivity inframatioadnay. [ 0063]
In sonme sy i | Qﬁﬁﬁ . upl i nk
to indi cat%% t ebég%lgorgéﬁg%aegré?/ egﬁcggsfjb(gﬁt'?ﬁgw own el} %&%ﬁgfr@@%:gﬁ%g* ratgene or
nmor e t r anschasiebnespohsen el feequbiayh sdlectinityi mforomtiam anaye Ibendgpendent empald to a

spatial subchannel (i.e., an. eigennode) in a | t{ple-inpu | tipl e-out put
(NIND) sy EEP Rt ahybia ifomsation PERIE e e b Yara MREN G or GHEERTPSRREESh, ot i e
. slot  (Bod3] TDD syratigiigued e Sfisc BrovideaCherbidl 15 Bidre CiGtEy Wit REnaRWY! i NK
channel and determné the maxi numrate that may be supported by each of the
transm ssi dnfoohationedrs theRuplink: imthecDFDM systemi obhe¢ 3 usabile subbrndsrinmyi b
channel s may then, be sent . back.to.the access.point. and. us to determ ne
Che rate T SRR PERE BHPROG ade (SO LAONE DB B le SPHE a2PEE Bt 1 0
I nformatio be in.the,f f Q r e des,..each of which may
be napped%flgé%neség‘éé]fll{;:tago%ﬁyngﬁi%ﬁ?p&lﬁ%)gﬁgﬁfiét%&Saﬁﬁ%aouldéj??r%%nélghb.gﬂ%f, and so
on. Al ternabhai8l.y Thé BRoupRHgCofaRE Lsble dbbMd¥abi Atk gEinR 1A¥iARdni fay ONE
other form(e.g., the received SNR for each transm ssion channel). I n any

case, the rbatthe someras| different fram Ba grouping o€ he peablabubbends fonaphiok pilal

cqgnprise 3 . bits ' 10 l . Lo m ssi on
cﬁannel S m@%@ﬁ%ﬁé?@@%&ﬂ %@pirgg)g% gsl.fg"e#&%‘%‘%?ﬁﬁf‘z'/ g%%ﬁ@%34507
15 [0064] Asnsniiiber Mulbpip temimaomaetransaipsfsding informegioarsiyulentasly o t y

I nformation r_ra%é, need tbo be reported back to the access point. The nunber of
bits requi ridr fssigned,anbbands.

{0066} The use of subband multiplexing to send uplink signaling information may

provide various benefits. Because of the relatively large data-carrying capacity of an
OFDM symbol, it may be extremely inefficient to allocate entire OFDM symbols to
active terminals when only a small amount of data needs to be sent. Using subband
multiplexing, the number of subbands allocated to each active terminal may be
comﬁensumte with the amount of data that needs to be sent.

[0067] - The savings provided by subband multiplexing may be even greater if the
transmit power per subband is increased by the number of terminals multiplexed

together within the same time interval. The higher transmit power per subband would

P

result in higher received SNR at the access point, which would then support a higher
order modulation scheme. This would in turn allow more data or information bits to be
transmitted on each subband. Alternatively, each terminal may be assigned fewer
subbands so that more terminals may be multiplexed together in the same time interval.
The fewer subbands can provide the requisite data-carrying capacity if a higher order
modulation scheme is used.

{0068] Subband multiplexing may also be used for the transmission of acknowledgment
on the uplink. For some systems, an acknowledgment may need to be sent by the
receiver to acknowledge correct or erroneous detection of each packet received by the

receiver. Improved system efficiency may be achieved by reducing the granularity of



channel response or frequency selectivity information may be dependent on
the granularity of the information being sent (e.g., every subband, or
every n-thwgﬁﬂ?é‘ﬂ%ﬂ [0065] Techni ques are al so provi ded(TeUS2003/08450NDI €
efficiently transmt signaling information on the uplink in the OFDM
system The M usabl e subbands may be B%rtitioned into a nunber of QR

di sjoi nt groups, where each usabl e subband appears in only one group, if at
all. The %Lgygs may include the same or different nunber of subbands.
The gr oupﬁg atioreof iesmireesSanacknewledament ransmissiog (i hy assigningmgiosn may be

t he sane q)rfS%ﬂ%ggﬁ%éaéﬁéygh%gg%y%mtooéachtg&diﬁ |l e subbands for uplink

pil ot transm ssion. roup nmay be a cated to one termnal for

upl i nkossl gnal i rithe dnficuns 0t Yatiaoo. sehdl ifér gkaowledginend aalyffér fadis Medmisdi goal i ng
i nformation sinul taneoggly on their assigned subbands. [Q066] The use of

subband mifEHpAlARdrRisa Bomeiteme i framesi Yrnls bryapse eachdermgnal typicaly ety de ‘
various b | Afveld ALfS Y. fedaci ty of
an OFDM %3%0%@?&%%?%3#§%%% | ne?* ?ﬁ]c% ent %/gﬁé{? ocat@éinghtl regCFDM
synbol s t cumbet bf padketsrsemtatb savkh twmbral yanadiffien hinopgrenminald amiadvar ieeddnt o be
sent. Using su nd mul ti pl exi ng,. the nunber of subbands all ocated to each
active ter H%ﬁgbtﬁﬁ'g‘,mﬁ‘é“tloi&}%%g?}%@?ef?fem%ﬁoﬁg&}gﬂ‘%{ﬂg’ﬁﬁlﬁF cﬂ‘f‘i‘fa&t't hat needs to
be seqatyzo)[ 0067] A AiRiberithaiess MaPWE QM tBMNSsHRD aithaRal fok BhEAN RshsHBioR®FEVEN
greater if the transmt power per subband is increased by the nunber of

t er ni nal s vegikblepmopat of|signgljeg keg. sdknhwiedgmeny amongactivé terminalsl . InTme hi gher

transmt poper r ,subhand uld result in.higher receiyed.SNR at the access
por i whiEHEE e SRS SIS o etpioped B0 B e 04§ o ISBRL ABIEAT | <
woul d in tsrnAal . dat ' | i t ans on each
Subband. A Foder s e SRR B¢ bl BF MR dolihy oF sbbapll “BRL RE "0
that nore tbekifhINAay BBYast@néd| 4 iviatishi€ IminR@et B 'subbhnkl efop 2aBRnbWIRBghéter val .
The fewer subbands can provide the requisite data-carrying capacity if a

hi gher or deansmisignl dfardhissehemne the number, of wbbe)dsSiski tonygiviep ltetivg)  nay

al so be uslﬁglyﬂiérgﬁgﬁéqgﬁ{p&y'b%potggatcgeq%&qmoe@gg%&?%%pn the uplink. For sone

syst ens, an ‘ac gnen nee e sen receiver to
acknogbridge corlnenbther schemeeaoh actilettestinglris afsigedh fradkmimbeeobsubbshdsy t he

receiver. | nprove stemeffjcien may be achi eved by reduci th
granul ari ttjyr aﬁm@%f%\mmwsw%c%wz&sﬁem ation stheme used by eac

terminal is not fixed, but can be selected based on the channel conditions. For a

reciprocal channel whereby the downlink and uplink are highly correlated, the
transmission capacities of the downlink and uplink are related. Thus, if more packets

can be sent on the downlink within a given time period because of improved channel
.conditions, then the same channei conditions can support the transmission of more
information bits on the uplink in a given time interval. Thus, by allocating a fixed (”
number of subbands to each active terminal but allowing the modulation to adapt based

on the channe] conditions, more acknowledgment bits may be sent when needed.

[0072] To simplify the assignment of subbands to active terminals, the subbands may
be arranged into groups, and the terminals may be assigned groups of subbands instead
of individual subbands. In general, each group may include any number of subbands,
depending on the desired granularity for the subband assignment. As an example, 37
groups of subbands may be formed, with each group including 6 subbands. A given
terminal may then be assigned any number of subband groups, depending on its data

requirement.



16 the allocation of resources for acknow edgnent transm ssion (i.e., by
assi gni ng WORo408286f subbands i nstead of entire OFDM sywials2003/08461
termnal). [0069] The anpunt of data to _send for acknow edgment may differ
fromterminal to termnal and also frdfranme to frane. This is because
each termnal typically only sends acknow edgnents for packets received in
the current/prior MAC franme, and the nunber of packets sent to each

t er i A8073kan di Foera snesifiy OFDMN nwstema desigy detweeme 150 rand c90r bitst may Hee anmpunt

of Sata o ARl [ BRPRESTBbel SRS bt BE i SaBORRL ALl sLRRH I oo

vari abl e arfmgatdflm‘raﬁdsgmalsbmghl(eeecgundeaﬂiermwmptgimmw highegans@iti posvet @ M nal s.
In one schenme, the M usabl e subbands are partitioned into a nunber of QA

di sj oi nt griseblor eadfh@ibbpndyh s4bbang Di“WéIPlE?dEgt Eachsgfthe 7 sybband gaonps fofrber of
subbands. Each, aghb \des Cfriﬁo%%ﬂéé me%é‘%%&Eﬂ?Qerﬁi Y36/5 %%&yﬁg%ﬁs? L oof

subbands for acknow edgnent mSS|on. or this sc
subbands asas]ugpvdcﬁgmnnts gepmdmgeomthwcthanmiwobditipnmpdﬂm ahelfixed ntumbemaofrber of

packets sent to the termnal. 071] .ILn anot her sc ciive term nal
i s assi gnedubbanfly gFougs “&’H g‘én‘ﬂ’i‘* t?o?°"§cﬁn6@ﬁ”§§§rﬂé‘ﬁ%"f S 387 on.
However, t REwRBvbdgibdn® Hep&lBRE o BRtalk e RAEH forl e WARY ih Sull Uepdnld¥ 8 thdut can

be sel ected based on the chanhel conditions. For a reci procal channel
wher eby t hehangheonditicand upl i nk are highly correlated, the transmssion

capaci of t 0 K. p d Th ket s
can b béﬁit on t 5r%d}§‘n b% wgtgg‘fell%!l‘ﬁh%g&?ev ﬁns?]!“ peripggggbbga%ge (%ft%a%broved
channel . anaittained s xhetkmﬁb ldvel safoe dabamashisivadi Thi3ngtuatich suppfisd, fohe

t ransm ssion of npre _information Slt n the uplink in a given tine

i nterval . TAa@Plepyf aljof Hedisablg subhan dito afsnsgépotﬁaﬂwglt VEYERWRET | ve
termnal bupe aéubgwdgghgv@eldwuhﬁab&?yl géd%y bgsegt uﬁanéﬂae Jpharigleah

conditions, nore acknow edgnent bits e sent vvh n neede 0072 To
simplify th@n&@n@mgbrﬂpwor m&m tsmmlads imay b@ramq\atesfortahlgmmhﬂms may

be arrange anttgda@%;fpegt%g 61 O%glgﬁ%g%nnal S may be assigned groups of

subbands |n 5. In general, each group may i nclude

any nuwbes of Sllbbﬁlaﬁ&nan\dﬂéﬁaﬁb mmlecr@mleaataesis@t amjgaﬁthtuphﬁppadldae
subband assjignnent. As an exanpl.e, oups of subbands_may be forned,
Wi th each gs}a?mpAﬁi%ma Aslgy Hlaé,’G’SB%"r\’a@d fsﬁg? ydmowledementataifyt @%@%‘t%‘@%ss. gned

any nunber @f r540PaR4 &0 A% ondBR AN I e iRl Xelay is tolerable, then the
acknowledgment data may be sent with essentially no overhead since the amount of
acknowledgment data is typically small and will likely fit in the padding portion of an
uplink data packet.

[0076]) In yet another scheme, acknowledgment data is sent along with the rate control

£ |

— information. The group of subbands assigned to each active terminal for rate control
transmission may have greater data-carrying capacity than that needed to send the rate
control information. In this case, the acknowledgment data may be sent in the excess
data-carrying capacity of the subbands allocated for rate control.

[0077] ‘When subband multiplexing is used for transmission of signaling information on
the uplink, the access point can process the received signal to individually recover the

signaling (e.g., rate control and acknowledgment) sent by each terminal.



requirement. WO 2004/ 040827 PCT/ US2003/ 034507 17 [0073] For a specific OFDM
system desi gn, between 150 and 2000 bits may be transmtted in two OFDM
synbol s Y9 2804048832 of rates supported by the system TRGTUS2003B0Df Dbi t
rates is also achi eved under the assu ion that higher transmit power is
used for each subband wth subband nul ti pl exi ng. Each of the 37 subband
groups for the exanple described above nay then be used to send 150/37 to
2000/ 37 bits for acknow edgnents, depending on the channel conditions.
Thus, the fixed nunber of subbands in each group may be able to send a

vari abl e le Firate Striciire witk SabbsrNRNiplegiapendi ng on the rate sel ected
for use, in turn depends on the channel conditions. [0074] There may.
be in @E’Hﬂces mrlaﬁ%ﬁlﬂésttat%r@rﬁmboém oba %@Bﬁmaﬁsﬁpms li’a‘ﬂldal ned at
t he sane | f at [

exanpl e, @ﬁﬂeﬁﬁgf%eﬂ #Oé%gcﬁgh? hg&g?%%% %cgﬁgmf s1 efrgﬁ?n Pm nal .
However whiato atdmewﬁubtpmshs 6@ \wad | mveplinftaptase 620y | Tige @pREC iphase it Tarther
requirenent on it .is also correspondingly |ower. Two OFDM synbols may be

adequat e fBATIRIRA IO A Bl Intesmank 2% arﬂ@alm%ﬁﬁ@%%&%ha%em PFTP@EFPEft . ons
0075] I E%E ]‘ ?Flé
Lpl i n{( pc'r;c%‘(::{)t'aSi ggt a. %@ G:H?‘y ag?%ggggﬂ%g:}?&% lﬁﬁgrrt%mhc now edgrrent '

data if i tconcwusntlyotramsniit pilmt qnaahetupdiakamt (ﬂnbescgment onShinhrllypIsubkandl f the

addi ti onal dgl era . then dgnent .data nma ent

Wi tlh gssen?’f"g'lp%'“ﬁzmﬁ(/ ¥ HES °§'rs?ﬁ“ée“fhgf "‘géflﬁeg "2(“?‘]’2][2 is

typically gamiit si%iliﬂ]?‘}gké gl, irkte| donfrbll informhatién, RRRAGWISdSAE] S Ri‘oﬁnon el i nk
n

data packet. [007 yet anot her schene, acknow edgnent data is sent along
with the replinkcignthivsegmentor fiots 630 ﬂm’ebgrl@@!) for tenwbissien ofseAckeiedatto efch

active ter sf o, raat

Gat o car  yiadesy, 3hd ofef SRR,  EaB 516 0TI RSB B withour

i nf or mat i osubbhmd mbltiplexipeto dnb @r asdte aciive dgendls. dBach stety630emaesito beiusdde excess
dat a- carryi n%ﬂ%?l[)amlté%pof t he sub ands al | ocated for rate control. [0077]
Wien subbal?d PYTREAC ARPsPage e By '?Péﬁ" RS ssi on of signaling information

on tg7eip! i Nk, vidhs ks SanOtthictr& mby A6 De delignd o u¥E dndiudB & within
i ndividual ly recover the

the scope of the invention. For example, the uplink phase may include a rate control

segment used to send rate control information and an acknowledgment segment used to
send acknowledgment data. As another example, the frame may be partitioned into
multiple uplink and downlink phases, and different phases may be used for different
types of transmission such as traffic data, pilot, rate signaling, and acknowledgement.
Implementation Considerations

[0080] Subband multiplexing can substantially reduce the amount of resources needed (
to support the transmission of pilot and signaling on the uplink, as quantified below.
However; various factors may need to be considered in the implementation of subband
multiplexing, such as (1) overhead signaling for the assignment of subbands to the
terminals, (2) timing offset among the uplink transmissions received from the terminals,
and (3) frequency offset among the uplink transmissions from the terminals. Each of
these factors is described in further detail below.
Overhead Signaling

[0081)] Overhead signaling is needed to convey the subband assignment for each
terminal. For pilot and rate control information, each active terminal may be assigned a

specific subband group for each or for both types of uplink transmission. This



signaling (e.g., rate control and acknow edgnent) sent by each termnal. WO
20041040827 - PCT11JS20031034507 1S Exanple Frame Structure with Subband
Mul tiplexing [0078] FIG 6 illustrates an enbodi nent of a franme structure
600 that supports subband nultiplexing for uplink pilot and signaling
transmi ssi WO 20¢HMORAC frame is partitioned iito a downlRGIKU§PEIHB4%910 and an
upli nk phase 620. The uplink phase is further partitioned. into a pil ot
segnent 622, a signaling segnment 624, d9d a nunber of slots 630. Subband
mul tiplexing nmay be used for segnent 622 so that nultiple term nals can
concurrently transmt pilot on the uplink in this segnent. Simlarly,
subband masgEeEk MYy beapadecduripg£all setup.candethe assened sublieads wipicellpde nokr ni nal s
can concurr. ' ' [ ( . te control information,

acknow edgn@%%%grl{é e%%admﬁ%h%{ﬁg{f%%qu%%%ffaﬁﬁ ‘his segnent. Slots 630 may be
used f[o082] r ans nilf therenaref 24 auttbahd gadups formap sa@dstermimdlspthiears bitf aookk bon. Each

sl ot 630 ma e assj gne ith or without subband, nultiplexing to one or
nore act i ve%f@ﬁﬁ‘f F%wgr.‘"é_a‘gﬁ Spptic 8@%’%‘&?"&?5"6“5@3%%%1 teringnak o fResgy Bifer head
_ nessage t o i dd iRk18dddEn ™ QAkrdl mebdaDe St te?ﬁiﬁmtaﬁte tif i'h%g%x at%ﬁw&héé.f% may

al so be desidned for use, and this'is wthin cope e I nvention.
For exanpl e¢he comdrol phassdge draaselemgth ¢80 bide them dieeS dits tfon bubbamd) assignmesed t 0

send rate control information and.an ackno nt segnment used to send
~ acknow edgr?@??ﬁéﬂlﬁrteasfe m&ﬁ%ﬁﬁbﬁf‘g&@m@@#&@f%m may be partitioned into
nul ti pogsayp! i Nk ThB hnshih lof Ivefheas efgnaldipdwehldl B @rfateP ARREe fRHABilMS & f Or

different types of transm ssion such as traffic data, pilot, rate

si gnal i ng, fameingéenwhbeantsiaups and/pnif|theevouns may Eodgiamiqally jassigneddodbg
Subband mnul §i i o ' needed
o support TN, Kb ARnplE 3F A nfiobit P SHARR SaR tor Sl MRS

guanti fi ed teemkmission timnehaage froay framistoffeanie) thenhighen emduitof beerhendsighalingl i n t he
i npl ementati o f sybband nultiplexing, such as (1) overhead signaling for
the assi gnrEeHd ?n?ﬁ WRPRVELhes baP‘éP‘%fﬁ‘\‘&?@? (2) tining offset amobng the
upl i nk trar@?ﬁﬂ%mﬁgrecei ved fromthe termnals, and (3) frequency offset
anong the dplTn ransm ssions fromthe termnals. Each of these factors is
descri9e8tli n f urkhleemuéplai lterpinalsy, altowedhdad t8hggwid| cengurrently via subband -

multiplexing may be located throughout the system. If these terminals have different

distances to the access point, then the propagation times for the signals transmitted from
these terminals would be different. In this case, if the terminals transmit their isignals at
the same time, then the access point would receive the signals from these terminals at
different times. The difference between the earliest and latest arriving signals at the
access point would be dependent on the difference in the round trip delays for the
terminals with respect to the access point. '

.~ [oo08s] The difference in arrival times for the signals from different terminals would cut

- into the delay spread tolerance of the farther terminals. As an example, for an access
point with a coverage area of 50 meters in radius, the maximum difference in arrival
times between the earliest and latest arriving signals is approximately 330 nsec. This
would represent a significant portion of an 800 nsec cyclic prefix. Moreover, the effect
of diminished delay spread tolerance is worst for the terminals at the edge of the
coverage area, which are most in need of resilience to multipath delay spread.

[0086] In an embodiment, to account for the difference in round trip delays among the
active terminals, the uplink timing of each active terminal is adjusted so that its signal
arrives within a particular time window at the access point. A timing adjustment loop
may be maintained for each active tenminal and would estimate the round trip delay for

the terminal. The uplink transmission from the terminal would then be advanced or
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transm t tgx%isr ,Sﬁ’i‘%ﬂ%lf’a) at the sane tine, then the access point woul d
receive the S|a5] al’s"Tromthese termnals at different tinmes. The difference
bet ween t hEr@mehéyeOffsénd | atest arriving signals at the access point wogld

be dependent on_the difference in the round_trip delays for the termnals
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channel estimate derived from uplink pilots and/or increase the bit error rate of uplink

data transmissions. To mitigate the effects of inter-subband interference, the terminals
may be power controlled so that the nearby terminals do not cause excessive
interference to faraway terminals.

[0089] The effect of interference from nearby terminals was investigated, and it was
discovered that power control may be applied coarsely to mitigate the inter-subband ('
interference effect. In particular, it was found that if the maximum frequency offset
among the terminals is 300 Hz or less, then by limiting the SNRs of the nearby
terminals to 40 dB or less, there would be a loss of 1 dB or less in the SNRs of the other
terminals. And if the frequency offset among the terminals is 1000 Hz or less, then the
SNRs of the nearby terminals need to be limited to 27 dB to ensure 1 dB or less of loss
in the SNRs of the other terminals. If the SNR needed to achieve the highest rate
supported by the OFDM system is less than 27 dB, then limiting the SNR of nearby
terminals to 27 dB (or 40 dB) would not have any impact on the maximum supported
data rates for the nearby terminals.

[0090) The coarse power control requirements stated above may be achieved with a

slow power control loop. For example, control messages may be sent when and as
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uplink pilot transmission can represent a large portion of the uplink phase. The amount
of improvement may be quantified for an exemplary OFDM system.

In this exemplary OFDM system, the system bandwidth is W=20MHz and
N =256. Each sample period has a duration of 50 nsec. A cyclic prefix of 800 nsec
(or Cp =16 samples) is used, and each OFDM symbol has a duration of 13.6 psec (or
N+ Cp =272 samples). The uplink pilot is transmitted in each MAC frame, which has
a duration of 5 msec or 367 OFDM symbols. The pilot transnﬁssion from each terminal
needs to have total energy of 4 symbol periods X full transmit power. If there are K
active terminals, then the total number of symbol periods used for pilot transmissions
without subband multiplexing is 4-K . For K =12, 48 symbol periods would be used
for uplink pilot transmission, which would represent approximately 13.1% of the 367
symbols in the MAC frame. The pilot overhead would increase to 26.2% of the MAC
frame if there are K = 24 active terminals.

If the K active terminals are assigned to K groups of subbands and are allowed
to transmit the uplink pilot simultaneously, then only 4 symbol periods would be
required in each MAC frame for the uplink pilot. The use of subband multiplexing for
the uplink pilot reduces the overhead to 1.1% of the MAC frame for K =12 and 2.2%

g)aete t he
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used, and each OFDM synbol has a duration of 13.6 p.sec (or
symbols would need to be assigned to the 5 terminals for their rate control information

(@)

(where each OFDM symbol would contain a large amount of padding for the unused
bits). With subband multiplexing, the same rate con&ol information may be sent within
one OFDM symbol, which would represent an 80% saving.
[0097] The amount of savings with subband multiplexing is even greater for some
| diversity transmission modes. For a space-time transmit diversity (STTD) scheme, each

pair of modulation symbols (denoted as s, and s,) is transmitted over two symbol

periods from two transmit antennas. The first antenna transmits a vector x, =[s, s,}

N
N

over 2 symbol periods and the second antenna transmits a vector x, =[s, -5 1 over
the same 2 symbol periods. The transmission unit for STTD is effectively two OFDM
symbols. With subband multiplexing, rate control information for 10 terminals may be
sent in 2 OFDM symbols, which is substantially less than the 20 OFDM symbols that
woﬁld be needed if each terminal transmits its rate control information on a separate
pair of OFDM symbols.

[0098] The amount of saving is even greater for a diversity transmission mode that uses
4 antennas and has a transmission unit of 4 OFDM symbols. For this diversity
transmission mode, 15 terminals may be subband multiplexed onto one 4-symbol

period. The rate control information for the 15 terminals may be sent in 4 OFDM
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i nf or @HO0on nayFHE. Khisheiws hplats of the amount of saving resulting from subband
multiplexing of the pilot, rate control, and acknowledgment on the uplink. In plot 812,
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the pilot and rate control information for multiple terminals are subband multiplexed in
the pilot and rate control segments, respectively. The acknowledgment is not
considered for this case. In plot 814, the pilot, rate control information, and
acknowledgment for multiple terminals are subband multiplexed in the pilot, rate
control, and acknowledgment segments, respectively.

& [0101] -As can be seen from the plots in FIG. 8C, the amount of saving increases
épproximately linearly with the number of terminals multiplexed together. Moreover,
the amount of saving increases as more types of information are multiplexed. It can be
seen that subband multiplexing can substantially reduce the amount of overhead for
pilot and signaling, so that more of the available resources may be advantageously used

for data transmission.
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and upconverts) the analog signals to generate a downlink modulated signal suitable for

transmission over the wireless channel. The modulated signal is then transmitted via an
antenna 724 to the terminals.

[0105] At terminal 120x, the downlink modulated signal is received by antenna 752 and
provided to a receiver unit (RCVR) 754. Receiver unit 754 conditions (e.g., filters,
amplifies, and downconverts) the received signal and digitizes the conditioned signal to
provide samples. ( :

[0106] - -An OFDM demodulator 756 then removes the cyclic prefix appended to each
OFDM symbol, transforms each received transformed symbol using an FFT, and
demodulates the received modulation symbols to provide demodulated data. An RX
data processor 758 then decodes the demodulated data to recover the transmitted traffic
data, which is provided to a data sink 760. The processing by OFDM demodulator 756
and RX data processor 758 is complementary to that performed by OFDM modulator
720 and TX data processor 710, respectively, at access point 110x.

[0107] As shown in FIG. 7, OFDM demodulator 756 may derive channel estimates and
provide these channel estimates to a controller 770. RX data processor 758 may
provide the status of each received packet. Based on the various types of information

received from OFDM demodulator 756 and RX data processor 758, controller 770 may
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detenmned based on the channel estimates from the terminal. The received
acknowledgment may be used to initiate retransmission of packets received in error by
the terminal. Controller 730 may also derive the enhanced channel frequency response
for each terminal based on the uplink pilot transmitted on the assigned subbands, as
described above.

{0109} Controliers 730 and 770 direct the operation at the access point and terminal,
respectively. Memories 732 and 772 provide storage for program codes and data used
by controllers 730 and 770, respectively.

( {0110} -  The uplink pilot and signaling transmission techniques described herein may be
implemented by various means. For example, these techniques may be implemented in
hardware, software, or a combination thereof. For a hardware implementation, the
elements used to implement any one or a combination of the techniques may be
implemented within one or more application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof.

[0111)] For a software implementation, these techniques may be implemented with

modules (e.g., procedures, functions, and so on) that perform the functions described



and upconverts) the analog signals to generate a downlink nodul ated si gnal
suitable for transm ssion over the wreless channel. The nodul at ed si gnal
is then t Mh¥A#P8Y via an antenna 724 to the terninal BCT/UB20¥I3437 ¢ er ni nal
120x, the downlink nodul ated signal is.tpeceived by antenna 752 and provided
to a receiver unit (RCVR) 754. Receiver unit 754 conditions (e.g., filters,
anplifies, and downconverts) the received signal and digitizes the

condi tion signal t r Qyl S.. [0106]  An. OFDM denpdul at 756 then
removes tﬁlger%\?c Ipli%g Sﬁﬁ‘é’?‘ﬁgf 8%‘%%@%@%?40%%13 tfnere}—%l\'ﬁng FrBo PR b 1% ach

recei ved t77NE FIGTEY atd seehtett By A0praeskbrT(e. g tdntr6lRFTd0 02 T726). t TR meweiy ed
nmodul ation synbols to provide denpdul ated data. An RX data processor 758

t hen decodast mey hecihmiementesywithinathe Processoy o exteanal ey thenprocesgor, immhich data,

which is p i -S| T, 1 . erpdul at or 756
And Rx dat Sby el o Soyfflchv g kayited 1o e pRIGBSEE T Ve Ea o R _
nodul at or inAB®aand TX data processor 710, respectively, at access point

110x. [0107] As_shown in FIG_ 7, O-DM denpdul ator, 756 may derive channel

esti ity and Bealingeaenmshided hesein fo5irefesgnee and o aishin dpeating 7eaptainRx dat a
processor Y i t L on the
vari ous ty%%@og? ?% g?ﬁ%@ﬁ%ﬁmgpégg%%ggyP?%%@2&%5%@%#@ Sﬁgﬁgﬁk%ggégﬁgle data -
processor fHefin aoddry edd these/Giicepty nvi) R0 ApPUGBHity RCothelS2&1idh fdiphoutl”)

det er mi ne 8% select.?zﬁgrticular rate for each transm ssion channel. .Uplink
pil ot and "SiGHH PRYFHOBr mation (e.g., the rates to use for downlink data
transpgsy on, %KP&WoﬁﬂﬂéﬁBﬂﬁtﬁmf&rthé BfsSlo¥cAbnRRHRInTs is PRSVid 16 BhabléRyy be
provided by controller 770, " processed by a TX data processor 782, rodul ated
by an OFD\vPerseiuskilier intbelart tomaky of biecthie piesent ipvention.t Vamoustnedifiggions i g
transmtte 1.0 I e [ il ot and
signaling ﬁ]r? %F%g{’ﬁﬁ%%ﬁ‘mm@ﬁt%a%@b ?}ﬁ’%’?‘gﬁ%'(hg ?é %l{lllédé%)gg%:};gls aﬁz;ds)gllegr%g%hjt o]

term nal 1pfinciples defaedcheteyipaiy bt dppied i cthéraamsbod{eniSwithbutalepatifig pomnt 110X,
t he uplink nodul ated si%%%g_fron1terninal 120x i.s received by _anptenna 724,

condi t i-onedhepiPi retcaps eh th dnyentian. Thusode Pese iBYenbAD &-pk ntrRABHIA BR or 744,
and pr 0Ces §afielio?mE: GROSFONE hefdf th if F6 BeChochiRd Aht Qfidéi deopd aNal i NG

information transmtted by the term nal. e recovered signaling I nformation
consistent with the principles and novel features disclosed herein.




is provided to controller 730 and used to control the processing of the
downlink data transm ssion to the termnal. For exanple, the rate on each
transm ssi oNOPYPA®2" ey be deterni ned based=on the rat @CTAI52Q03034507

i nformation provided by the termnal, or,may be determ ned based on the
channel estimates fromthe termnal. Thé received acknow edgnent may be
used to initiate retransm ssion of packets received in error by the
termnal. Controller 730 may al so der{:%glw enhanced channel frequency
response for each term nal based on ink pilot transmtted on the
assi gned subbandWhagwe cdas@ri bed above. [0109] Controllers 730 and 770
direct the operation at the access point and termnal, respectively.
Menories 732 and 772 provide storage for program codes and data used by
controllers 730 gand 740, I t gnal i ng
transm ssion tec?nl qués escrlﬁt&(#m rel %q)%pk@m &pahﬁg’]ﬁlkdﬁ@a\gg?]?ggus
_means. For emnmhean@@semt@ndmﬁsmges may be |rrpl emented in hardware,

software, or acorrblnatlont For h e_inple tation, the
el ements used toP?IHB‘P‘E%?\P“é 8 és%?ﬂe bbensis Wahl%ﬁprdase &aemﬁmqsﬁ@g may be

i npl enent ed; Mb%ﬁ'e&t%dx%m SpPiubbaidson specific integrated circuits
"(ASICs), digital signal pr gsors (DSPs), digital signal processing
devi ces (DSPDs), aqsrgngmarﬁmﬂgrwp md@mld@VMQSjpﬁl_qus fa aatedninabgmhmmbl e gate

arrays (FPGAs), process contro m.cr,o-

ni cr opr ocessor s, "SEHES P @PP‘EW%S‘@“JJH ?‘%Fé gren ﬁ 'ﬁ@ﬁ‘%ﬂﬂﬁeﬁ?t et i ons
descri bed herein, or a conbination thereof. [0111] For a software

i mpl enent ati on, t hese_t echni gues nmay be inplenented with nodules (e.g
procedures, func®i onsThesmethed obyjgim ICOBIPRSIPEe functions descri bed VO
2004/ 040827 PCT/ \Igélﬁ, rﬂ& tored
in a nmenory unit %?égg%{aos’rééén@r nllnpgési3lga8t-rwgg§%§ﬁt &%)g ¥eexecaﬁt ed by
a processor agé. g., controller 730 or 770). The nenory un|t nay be

i npl emented within the cessor .or external to the processoy, in c
cabe Tt can be. CORAHECIT JanynEuan I d Frend il o §F sugint it Broans as
I's known i Redon@ gAup: [0112] Headings are included herein for reference and

to aid in locating certain sections. These headings are not intended to
limt the scope of the concepts descri bed

3. The method of claim 1, further comprising:

deriving a channel estimate for the terminal based on the receiving, wherein the

channel estimate covers at least one subband not included in the first group.

4. The method of claim 3, wherein the channel estimate for the terminal

covers the plurality of usable subbands.

Y

5. The method of claim 1, wherein each of the at least two disjoint groups

include the same number of subbands.

6. The method of claim 1, wherein each group in the at least two disjoint
groups includes S subbands, where S is an integer greater than or equal to a number of

taps for a channel impulse response for the uplink.

7. The method of claim 1, wherein the subbands in each of the at least two

disjoint groups are uniformly distributed across the plurality of usable subbands.



therein under, and these concepts nmay have applicability in other sections

t hroughout the entire specification. [0113] The previous description of the
di scl osedWOABMPEAt s i s provided to enable any per sonPGKP$EMHMHNTt he art
to make or use the present invention. Various nodifications to these

enbodi ments will be readily apparent t0 those skilled in the art, and the
generic principles defined herein may be applied to other enbodi nents

wi t hout departigg fr. spirit or scope of the invention. Thus, the
present inventi z§(;n i sﬁn@o?]te?ﬁ’fieﬁdgkuflo ’bgﬁeﬁ%1'%%f‘gﬁnfd’°t“ﬁé ‘Eﬁ@ga‘i ﬁbenl’g(’tshom
herei n but trifsnliidagn asshosfdRe sidbandd Blahé fifst @RRip i§ SEaSddSHi Sk thiinithe hitRage
princi pl es and novel features disclosed herein. WO 2004/ 040827 -

PCT/ US2003karsasiopowey persubbrmy tha srould be pegdnif ipilot transmissiamwererdone opaallsmi tti ng
pilot sign | | ] : ni cati on system conprising:
partitioni%gﬁg%%ﬂ5&%#?%§£§?kgg%%m%&gégﬁgﬁa§&ggytabIe for use for data )

transm ssion into at |east two disjoint groups of subbands; assigning a
first group in the | east _t disjojnt groups tqg a termnpal; and

recei vi ng pilot-tra%@ﬁﬂg Bﬁ??g%ﬁ¥§hﬁh?8 ﬁ&@hﬁﬁﬁFﬁ§1§Ewﬁéﬁﬂ§epﬁn$ﬁ% first
group. 2. of abiEBisHaAddiviaba b tn nuoitek BEEubbafdih B 'téﬁﬁﬁ.gn' ng a second

group in the at least two disfoint groups to a secon ermnal; and
receiving pilot transm ssion fromthe second ternm nal on the subbands in the
secand group. 3., The.net hod.of cl aim further. c rising. deriving a
channel est!natglfO?HFH@ggg?R%ﬁ@anagéﬂfﬁﬁL?ﬁ?hpﬁgggvﬁﬁb&gﬁﬁﬁ?@$wa%é
channel eshidEbethe PHIBT GardinissesiPin QBR of tHeBBar¥gtin HiRCHite up s ddidrdihddSt
group. 4. The nethod of claim 3, wherein the channel estinmate for the

termnal  bbveres MHe apd dplh trangmyfpoyes soasteainh orda frequenty dape upskibythec| di(m 1,
wherein eag@mﬁ£s&ﬂﬁnaﬁmhgg§9ﬂ&ﬁp di sjoint groups include the same nunber of

subbands.

11. The method of claim 1, further comprising:

controlling transmit power of the pilot transmission from the terminal such.that a
received signal-to-noise ratio (SNR) for the terminal is maintained at or below a
particular threshold SNR.

12.  The method of claim 1, wherein the subbands in the first group assigned
to the terminal are adjacent to subbands in at least one other group assigned to at least

one other terminal with approximately equal received pilot power.

13. The method of claim 1, wherein the wireless communication system is an

orthogonal frequency division multiplexing (OFDM) communication system.

14.  The method of claim 1, wherein the plurality of usable subbands are
orthogonal subbands formed by OFDM.

15. A method for transmitting pilot signals on an uplink in an orthogonal
frequency division multiplexing (OFDM) communication system, comprising:

partitioning a plurality of usable subbands suitable for use for data transmission
into a plurality of disjoint groups of subbands, wherein each group in the plurality of

disjoint groups includes the same number of subbands;



6. The nethod of claim11, wherein each group in the at |east two disjoint
groups in ) bbands, where S is an integer greater than or equal to a
nunber of %ﬁgg%""?‘%???a channel inpul se response for the &GT{USROOINI4S5¢He et hod
of claim1, wherein the subbands in each of the at |east two disjoint
groups are uniformy distributed across the plurality of usable subbands. WO
2004/ 040827 PCT/ US2003/ 034507 62S 8. The nethod of claim 1, wherein
transmt power : is F S i §'sa&h SMPRRNds in
the first gr oupg§§£%%é;§%%gﬁfgﬁggﬂ% ng&ﬁ?ﬁ?é@({?@gﬁeﬁ}u ran%a%ﬁtéf%g\}\er per
subband t ha¢rmioild, dwliezeinsthd atfleast| oo terminalsi arsi snigned et dease tewn gbips sfubbands,
by a scali ng factor,that is greater than one. 9. The nethod of claimS8,
wher ei n t hSUekafs; factor is equal to the nunber of usabl e subbands
divided by the peaR@ig Pilot HHARBRGSN o BR dii1éat tveld RiRinalOon e 1N Of
claim8, wherein the scaling factor for the transmt power used for the

pi | ot trangadupsiobshbbandsach of the subbands in the first group is deternined
by a per MHz and full transmt power constraints for a frequency band used
by the 'wireless comrunication system 11. The nethod of claim11, further
conpri sing: contgol | qngﬁemmmqg@mnﬂéraoﬁ@ﬂmngpt transm ssion fromthe
termnal such.that a received signal-to-noise ratio (SNR) for the term nal

i s nmai ntai ned atdeByinga|channel egtizpate don each of thesaidpast SR termimalsthasedren fisy of
claim .1’ W‘}gcfe?\}i , %re?#&g%gﬁheﬁ Pstfntiﬁi\e fdrreﬁéh[ tHY By 183 't\gg?éiirmr{afs ctobgrs m nal
are adjacent to Subbands in at [east one other group assigned to at 1east
one ot her. tplumiity®f usabldsubbardexi mat el y equal received pil ot power. 13. The
met hod of claim11, wherein the wirel ess conmmunication systemis an

o(t hogonal frequency division multiplexing (OFDM conmuni cati on system 14.

The method of cligi m h meaRidefdr tkdiRmittig @l pllot AfnalSALLS vPURPIN IS witkRss
ort hogonal subbands forned by OFDM 15. A nethod for transmtting pil ot

si gnal s on GemUEICalRN FYsieRh COMPASRENal  frequency di vision mul tipl exing
OF i cat | na. ! cy di tiy y
(OFDW) _communi gl o SYSLElnEANBYd Sbor subRhddstb B0 49 ud Hlo¥iahir oy B usabl e

uplink, wherein the group includes a subset of a plurality of usable subbands suitable for

use for data transmission;

determining transmit power to use for each of the subbands in the group,
wherein the transmit power for each subband is scaled higher than the average transmit
power per subband that would be used if pilot transmission were done on all subbands,
by a scaling factor that is greater than one; and

transmitting the pilot signal on the subbands in the group at the determined

transmit power.

18. A method for transmitting signaling information on an uplink in a
wireless communication system, comprising:

partitioning a plurality of usable subbands suitable for use for data transmission
into a plurality of disjoint groups of subbands;

assigning one group in the plurality of disjoint groups to each of at least two
terminals, wherein the at least two terminals are assigned at least two groups of
subbands; and

receiving signaling transmission, within a same time interval, from the at least

two terminals on the at least two groups of subbands.



into a plurality of disjoint groups of subbands, wherein each group in the
plurality of disjoint groups includes the sanme nunber of subbands; WO

2004/ 040899 2804024827)S2003/ 034507 29 assi gni ng one group"(i"ﬁUﬂQ@/??PWal ity of
disjoint groups to each of at least 8o terminals, wherein the at |east two
termnals are assigned at |east two groups of subbands;and receiving pilot
transm ssion fromthe at least two termnals on the at | east two groups of

subbands. 16. Toe MeHAOHeba of Qdin'ry, whbtdid e GOHRNE SHfdiisith bl Channel

estimate for each of the at least twd termnals e|V|ng,
wher ei n t hatecloatolehfoemntiorafor dbwnlidaddta vénshissiat. | east two term nal s covers
the rr plurality of usable subbands. 17. A nethod for transmtting a pilot,
signal on an uplink in a wireless comunication system conprising:

receiving an asg), gnMBR!mehod of'cPiR 13 \ﬁié%?ﬂf&%l%}?&él‘tﬂﬁékafngﬁns%ﬁﬁ BhpfilesS gnal

on the wuplink, wherein the group i n¢ludes a su a plurality of usable
subbands sasknewledgment fondata feaeiverhvia addowmdink.ssi on: deternmining transmt power
to use for each of the subbands in the group, wherein the transmt power
for each subband is scal ed higher than the average transmt power per

subband that wol d bEheusetlod of Biaift18} whersiH Gaisait PsWe el forQhe Shaligbbands,
by a scaling factor that is greater than one; and transmtting the pilot

si gnal on FHEMESSIIBaRdACh subpandgisotgpledthighes than dhoriayesage trmsmhwwgomr C_
18. A Mt NEBLRr ol RRIH bt '3 5 BE -t GRtd heOth 3] dBbAS @g a

W rel ess comuni cation system cOnprising partltlonlng ap

usabl e subhth§ﬁsmrﬂmbhqg&mmtmmemkor data transm ssion into a plurality of
di sj oi nt groups of subbands; assigning one group in the plurality of

di sjoint groups to each of at least two terminals, wherein the at Ieasq‘tmo

termnals are agsi gnRft Mbthb@ 3 blaintd 80w &ich group in the plurality of disjoint

groups includes the same number of subbands.

23.  The method of claim 18, wherein each group in the plurality of disjoint

groups includes a variable number of subbands.

24. The method of claim 18, wherein a different modulation scheme is

selectable for use for each of the plurality of disjoint groups.

25.  An apparatus in a wireless communication system with a plurality of
subbands, comprising:

means for partitioning a plurality of usable subbands suitable for use for data -
transmission into at least two disjoint groups of subbands;

means for assigning a first group in the at léast two disjoint groups to a terminal;
and

means for receiving pilot transmission from the terminal on the subbands in the

first group.

26.  The apparatus of 25, further comprising:
means for deriving a channe] estimate for the terminal based on the pilot
transmission received on the subbands in the first group, wherein the channel estimate

covers at least one subband not included in the first group.



subbands; and receiving signaling transm ssion, within a sane tinme interval,
fromthe a‘tyolFﬁ%?t wo termnals on the at |east two groups of subbands. WO
2004/ 04082 882003/ 034507 30 19. ,The nethod of cl aifhT¥S204M&¥ n t he
signaling transm ssion conprises rat@ control information for downlink data
transm ssion. 20. The nethod of claim 18, wherein the signaling transm ssion
conpri ses acknow edgnent for data received via a downlink. 21. The nethod
of claim 18, wherein transmt power used for the signaling transm ssion in
each subband is scal ed higher than the average transmt power per subband

t hat woul d be uZkd iAnpppasatus inhwirelessicommumicatign systeym, caiiprisimgbands, by a
scaling factor th is_greater than on The t hod of .clai.m 1 wher ei n
each group int gg%’lfﬁrrﬁ ?lflipg(?f] a(ﬁ?l%?%t%faégo 618p02 s'r“?%f’ﬁ%&%“f’ Iﬁ%“g’!fﬁ%pﬁﬁ er of
subbands. gansmisfon)Bittedn Qhe gtatiphindi@desnd @tibvet o€ ACHIuAiBY Bf ushbld) ubbhidsal i ty of
di sjoint groups includes a variable nunber of subbands. 24. The nmet hod of
clai m 18, Sitablsifar usedpr data rapsmissinm: a2d on schene is selectable for use for

each of the plu it psi-ol nt_. 1 S i i rel ess
comuni cati on sffg%ﬂesm%\f\ng%aﬁl a pﬁ%;& alfl?{t;%}%?l oéﬁg%éﬁbd%? H%E)‘?rptt% é'%oﬁﬁ’: lr?%%ﬁs for
partiti oni mansmippeweal usty faf the pibl sgmali b eavtisof she tubibards inrthel geupads sehidda
transm ssion.into at |east two di.sjoint groups of subbands; neans for

assi gni ng g‘gPFIr glan_g Gufyeraeet Fensat i’%‘ﬁ%‘t R/\B‘ﬂg’lag‘j?ép?‘& WGP _UE% “F?fiaéfs PHP nal :
and neans {@hsohi@§eH weldGioRé bR hll kikbARAE, By h 9¢hlinG P4BrdrtRat i €5RhRAhaPBnd, N subbands
in the first group. 26. The apparatus of 25, further conprising: nmeans for
deriving a channel estimate for the term nal based on the pil ot

transm ssion reggive . j ntﬁm il in the
cﬁannel esti mat gg coglelggc‘;as?s?g’g@%avg%eéggﬁ anujcr?éﬁﬁ f}%gegéjjgzgﬁl%ﬁﬁhghe first-
group. a demodulator operative to receive pilot transmission from a terminal, wherein a

plurality of disjoint groups of subbands are formed from a plurality of usable subbands
suitable for use for data transmission, and wherein the pilot transmission is received on
a first group of subbands selected from the plurality of disjoint groups and assigned to
the terminal; and

a controller operative to derive a channel estimate for the terminal based on the
received pilot transmission, wherein the channel estimate covers at least one subband

not included in the group assigned to the terminal.

29. The access point of claim 28, wherein the demodulator is further
) operative to receive pilot transmission from a second terminal on a second group of
L subbands, wherein the second group is selected from the plurality of disjoint groups and

assigned to the second terminal.



WO 2004/ 040827 PCT/ US2003/ 034507 31 27. An apparatus in a wreless

communi cati on system conprising: nmeans for receiving an assignnment of a
group of subbands to use for uplink pilot transm ssion, wherein the group

i ncludes a subset of a plurality of usable subbands suitable for use for
data transmi ssion; and nmeans for tramémitti ng a pilot signal on the subbands
in the group, wherein transmt power used for the pilot signal in each of

t he subbands in the group is scaled higher than the average transmt power
per subband t3hat wlwhddesheoinsed wirtlegicbomunitatiamgniemseonprivieg:e done on al |
subbands, by a scaling factor that is greater than one. 28. An access point

in awreless co ni catian stem. ¢ risin dul at or erative to
recei ve pil otaﬁﬁnﬁ’%ﬁﬁ%%‘ieffﬂveﬁ%ﬁe%{ef %rfaﬁ{'rgtéqnsm\i?ﬁ@r é’ft& © SHPeIY AT i"fegva[)f di sj oi nt
gr oups ofrosublbanse tahmlafsowlﬁﬁadnfipmﬂ%@ opdisipiat growps of subbambs e ﬁjdrbhﬁfﬁdlsa sui tabl e
for use flo;lt at.a aleq} tPlé cfg«%nthe pl{JOt trg t1rlp i IS

Fecel ved RO FrebE AR 2 B (i MO Tan et hStn RECRR ATy of

di sj oi nt tvgartempmlsamkagmllogagdu;tmthet;mealttyaofrdlsjmxht,grcmpd wherent keat tver operative to
der i ve. 2 gBANNEL SRR § LAtk ek 8L M BT Rp PEinl SERLUEEL L' o
i ncl udedatlleastttiwetaymmallplsacsczetvgdherdtheatletalsmwo gronpsrodibubb@@s; althe access poi nt of
claim 28, wherein the dem)dul ator is further operative to recei ve pil ot
transm ssion frO{nIZ term ,}l,?l .on. a secand gr o.u? f bands, wherein
the second grdt"? er%%ﬁ“’é‘é‘f P F SR BledPaT P S5y ds?%? F"ﬁh‘ﬁi@ and

assi gnedterointlhe second termnal. 32 30. An access point in a wireless
comuni cation system conprising: a denodul ator operative to receive

signaling trapsm ssio thin the sa i me interval fromat |east two
e minal e, whakel maeRPg TR g P TR g 81 t TEEBO SIS ar e f of med
froma pI urality of usable subbands suitable for use for data transm ssion,
wherein each gkighiig adrst! @t of stu%&nasefomb]mals@lalssma@$|rsgm§ﬁhuﬁnav}gfe9u@cnn t he

plurality of disjalnt wher ei n at Iea rou are assigned to
Phe at | &ubbindiaile e groiy Som-camieye b Eh v eter '&ﬁapf ﬁgﬁfsr A¥RFESi on from the
at Ieast two termnals is received on the at |east two groups of subbands;

and assigning a second group of subbands to pilot signals of a second terminal, wherein each

subband of the second group is non-contiguous with any other subband of the second group.

32. The method of claim 31, wherein each of the first group and the second group

includes a same number of subbands.

33. The method of claim 31, wherein each of the first group and the second group

each includes a different number of subbands.

34. The method of claim 31, wherein at least one subband in the first group is

adjacent to at least one subband in the second group.

35. The method of claim 31, wherein each subband of the first group is spaced N

subbands from a nearest subband of the first group.

36. The method of claim 34, wherein each subband of the second group is spaced M

subbands from a nearest subband of the second group.

37. The method of claim 36, wherein N and M are equal.



a controller operative to process the signaling transm ssion received from
the at least two termnals. 31. A nethod for assigning pilot signals for
transm ssion, conprising: assigning a first group of subbands to pil ot
signals of a first termnal, wherein each subband of the first group is
non-conti guous with any other subband of the first group; and assigning a
second group of subbands to pilot signals of a second term nal, wherein each
subband of the second group is non-cohtiguous with any other subband of the
second group. 32. The nmethod of claim 31, wherein each of the first group
and the second group includes a sane nunber of subbands. 33. The net hod of
claim 31, whesgin €hkchethdd dfioRint 36, Shergih OLgnd dMste hfteqsa®cond group each
includes a different nunber of subbands. 34. The nethod of claim 31, wherein

at | east one bbapnd in the. fi.rst oup i dj acent to at | east one subband
in the second§§r oufgl.c‘]Ie §‘8t.}‘°¥ﬂfe°1?f’é‘tﬂog'¥‘%¥?‘g€["%iSl’ia%“ﬂ‘,i° & et B AhUdieEAnd of the
first grdispibutd spasaglubdlitsifhkbrdsbbaiddm a near est subband of the first group.
36. The nethod of claim 34, wherein each subband of the second group is
spaced M subbands _from a nearest_ subband of the second_group. 37. The

met hod of cl ai*th 36 Themisthed Pt gladR P IvwApTsineepgta subbgnd oBghe figle 2ioER OB cl ai m

36, V\/nerthﬂorml}ad;gﬁﬁ\ﬂt@raemggqtpmgu}abfus&ﬁ)e subbyadsret hod of claim 31, wherein each
subband of the first group is uniformy distributed across a plurality of

usabl e subbands. 40. The nethod of claim 31, wherein each subband of the
first group i $l'nonTheimpethod nefyclaimsdii phierel the rrdlets signgds wrealfgrt fpresrd Uiskibl e
subbands .irafdhissibie nmet hod of claim 31, wherein the pilot signals are for
forward link transm ssion. 42. An apparatus conprising: a menory; and a
processor configured to assign a first group of subbands to pilot signals of
a first terntthal ARGrRAFSYSGAMBEIIsi&ond group of subbands to pilot signals of
a second term nal, wherein each subband of the first group is
non-contiguou§nwh%@;§my ot her frequency band of the first

a processor configured to assign a first group of subbands to pilot signals of a first
terminal and assign a second group of subbands to pilot signals of a second terminal, wherein

each subband of the first group is non-contiguous with any other frequency band of the first

group.

43, The apparatus of claim 42, wherein each of the first group and the second group

includes a same number of subbands.

44, The apparatus of claim 42, wherein each of the first group and the second group

each includes a different number of subbands.

45, The apparatus of claim 42, wherein at least one subband in the first group is

adjacent to at least one subband in the second group.

46. The apparatus of claim 42, wherein each subband of the first group is spaced N

subbands from a nearest subband of the first group.

47. The apparatus of claim 46, wherein each subband of the second group is spaced

M subbands from a nearest subband of the second group.

48. The apparatus of claim 47, wherein N and M are equal.



group. 43. The apparatus of claim42, wherein each of the first group and
the second group includes a sane nunber of subbands. 44. The apparatus of
claim42, wherein each of the first group and the second group each

i ncludes a different nunber of subbands. 45. The apparatus of claim42,
wherein at | east one subband in the first group is adjacent to at |east one
subband in the second group. 46. The mpparatus of claim42, wherein each
subband of the first group is spaced N subbands from a nearest subband of
the first group. 47. The apparatus of claim 46, wherein each subband of the
second group k1§ Sp I band of the second
group. 48. Thé§appgﬁﬁﬁgg%%f&gﬁﬁﬁg?ﬁg%ggﬁi?gﬁﬁ %EH%H§1are equal. 34 49. The
apparatus of claim47, wherein N and Mare not equal. 50. The apparatus of
claim42, whesein &bcippsratobaidaimf42f Wieerdin esh suhbandofitiss firsti gra@rprid ynifoethigt r i but ed
across a Jal-,ah i abusAR G BHRRAR. S1. An apparatus comprising: means
for assigning a tirst group of non-conti guous subbands to pilot signals of a
first termnal; and neans for assigning a second group of non-contiguous
subbands to pisl.ot angpmbsusebmprisilgecond term nal . 52. The apparatus of claim
50, wherein each of the first group and the second group includes a sane
nunber of subbands, 53. The _apparatus of claim 50, wherein each of the first
group and t he "S&BIAEEYH? ﬁésgé’f?“?ﬂ PQTcRoRtig o PP Hﬁlﬂhﬂ%}alsd’? adtitbands.

54. The agpaapbads of claim 50, wherein each subband of the first group is
spaced N subbands from a nearest subband of the first group. 55. The
apparatus of claim54, wherein each sybband of the second _group is spaced M
subbands fr om™§2Hear Signiag BiF550ad Group 19b nenseqstigroys sihgands do p‘i‘ﬁé‘%b‘ﬁéf atus of

cl ai m 55 sedshetemhimalN and M are equal . 57. The apparatus of claimb55, wherein
N and M are not equal .

52. The apparatus of claim 50, wherein each of the first group and the second group

includes a same number of subbands.

53. The apparatus of claim 50, wherein each of the first group and the second group

each includes a different number of subbands.

54. The apparatus of claim 50, wherein each subband of the first group is spaced N

subbands from a nearest subband of the first group.

55. The apparatus of claim 54, wherein each subband of the second group is spaced

M subbands from a nearest subband of the second group.

56. The apparatus of claim 55, wherein N and M are equal.
57. The apparatus of claim 55, wherein N and M are not equal.
58. The apparatus of claim 50, wherein each subband of the first group is uniformly

distributed across a plurality of usable subbands.

59. The apparatus of claim 50, wherein each subband of the first group is non-

uniformly distributed across a plurality of usable subbands.

60.. The apparatus of claim 50, wherein the pilot signals are for forward link

transmission.



58. The apparatus of claim50, wherein each subband of the first group is
uniformy distributed across a plurality of usable subbands. 59. The
apparatus of claim50, wherein each subband of the first group is non-
uniformy distributed across a plurality of usable subbands. 60. The
apparatus of claimb50, wherein the pilot signals are for forward |ink
transm ssion. 35 61. A conputer-read¥bl e medi um conprising code that may be
utilized for assigning pilot signals for transm ssion, conprising: code for
assigning a first group of subbands to pilot signals of a first term nal,
wher ein eaCh6§UbbAr&Gm9JtertrQ&1aﬁlb nediud cOHRising DR IhA ARl b URd Yr bRigARY Ot her
subband of the first grqoup; and code for assigning a second group of
subbands to pil d%‘lokﬁlgj‘ﬁlé@tré‘l*snéssﬁ’é’(?@ﬁ‘ﬂ“%“&'m nal , wherein each subband of the
second group is non-contiguous with any other subband of the second group.

code for assigning a first group of subbands to pilot signals of a first terminal, wherein

each subband of the first group is non-contiguous with any other subband of the first group; and

code for assigning a second group of subbands to pilot signals of a second terminal,
wherein each subband of the second group is non-contiguous with any other subband of the

second group.



