UPLI NK PI LOT MULTI PLEXING I N SU-M MO AND SDVA FOR

SC- FDMA SYSTEMS CROSS- REFERENCE TO RELATED
WARMBRIEGAST ONS [ 0001] This application clanms theChesmbi80560

of priority under 35 U S.C Section 119 from U. S.

Provi sional Patent Application Serial No. 60/850, 942

entitled "A METHOD AND APPARATUS FOR UPLI NK PI LOT
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wi rel ess communi cations, and nore particularly to

uplink pilot rmultiplexing. Il. Background [0003]
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mul ti pl e-access systens include code division nultiple

access (CDWVA) systens, tine division multiple access
(TDMA) systens, frequen LS I'tiple access
(FDMA) systens, 3rd Gen%ewggﬁﬂrshi p Project
{.3GPPFidi®@ng Term Evol ution (LTE) systens, and

ort hogonal frequency division nmultiple access (OFDVA)
K9Rkns. [ Bbomilomdmedeseriptionarelitasacaarsllyin wirpicss easprayycations,

GO &?t{léu‘fe{hf% &aﬁu@gﬁgﬁ B fn si nul t aneous

comuni‘cati on §ss term nals. Each
term nal communi cates with one or nore base stations
via transm ssions on the forward and reverse |inks.

Hne fBAGETQUPINK (or downlink (DL)) refers to the
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rmnals, and the reverse [1n
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network, can provide multiple users access to one or more shared resources. For
instance, these systems may be multiple-access systems capable of supporting
communication with multiple users by sharing the available system resources (e.g.,
bandwidth and transmit power). Examples of such multiple-access systems include code
division multiple access (CDMA) systems, time division multiple access (TDMA)
systems, frequency division multiple access (FDMA) systems, 3rd Generation
Partnership Project (3GPP) Long Term Evolution (LTE) systems, and orthogonal
frequency division multiple access (OFDMA) systems.
[0004] Generally, a wireless multiple-access communication system can support
simultaneous communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and

reverse links. The forward link (or downlink (DL)) refers to the communication link

from the base stations to the terminals, and the reverse link (or uplink (UL)) refers to the



can be established via a single-in-single-out,
multiple-in-single-out or a nultiple-inmultiple- out
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multiple wireless terminals or multiple streams from a single wireless terminal are
multiplexed on the same bandwidth allocation in SDMA or SU-MIMO respectively, the
structure of the respective reference signals, e.g., pilot channel (PICH), should be
orthogonal to each other to improve channel estimation and suppress other wireless
terminals’ interference using a minimum mean square error (MMSE) receiver. It is also
desired that low peak-to-average ratio (PAR) is preserved by maintaining a single
carrier waveform on the pilot channel to achieve improved wireless transmit power
efficiency. This is especially important for improved mobile device battery
performance.

[0008] For example, in single-carrier communication systems, pilot symbols are

transmitted in addition to data symbols in order to provide a reference for the receiver to



[ 0008] For exanple, in single-carrier conmunication
systens, pilot synbols are transmitted in addition to
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number of active streams to be multiplexed).

[0012] According to related aspects, a method that facilitates pilot multiplexing
is described herein. The method can include determining uplink pilot channel
information in a base station. Further, the method can include transmitting the uplink
pilot channel information to one or more wireless terminals to facilitate multiplexing
uplink pilots by varying pilot channel bandwidth and frequency location per block over
time, according to a predetermined function of the uplink pilot channel information.
The method can further include receiving and demultiplexing the multiplexed uplink

pilots according to the predetermined function.



time, according to a predeterm ned function of the
uplink pilot channel information. The nethod can
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mul ti pl exed uplink pilots according to the
predeterm ned function.[0013] In a rel ated enbodi nent
of the invention, a method fof pilot multiplexing can
i nclude receiving uplink pilot channel infornmation

a base station. For ex l e, uplink pilot channel. . .
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varying the pilot bandw dth and frequency | ocation per
micarskior eseiviigrigd processing uplink pilot channel information. Morcover, the
communications apparatus can include means for adaptively multiplexing uplink pilots
by cyclically varying the pilot bandwidth and frequency location per block depending
on the uplink pilot channel information and transmitting the multiplexed pilots.
[0017] A related embodiment of the invention enables a communications
apparatus to adaptively multiplex uplink pilots. The communications apparatus can

include means for determining and transmitting uplink pilot channel information in a

base station. Moreover, the communications apparatus can include means for receiving



on the uplink pilot channel information and

transmtting the nultiplexed pilots. [0017] A related
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can be configured to receive and demultiplex the multiplexed uplink pilots according to
the function.

[0021] To the accomplishment of the foregoing and related ends, the one or
more embodiments comprise the features hereinafter fully described and particularly
pointed out in the claims. The following description and the annexed drawings set forth
in detail certain illustrative aspects of the one or more embodiments. These aspects are

indicative, however, of but a few of the various ways in which the principles of various



can be configured to receive and denultiplex the
mul ti pl exed uplink pilots according to the function.
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rel ated ends, the one or nore enbodi nents conprise the
features hereinafter fully described and particularly
poi nted out in the clains. Thé follow ng description
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i(ﬂ@b}"di ng P 17 Murf& d Rirther particular high-level methodology for adaptive
uplink pilot multiplexing in accordance with various embodiments described herein.
[0030] FIG. 8 illustrates an example communication system implemented in
accordance with various aspects including multiple cells.

[0031] FIG. 9 illustrates a system that can be utilized in connection with uplink
pilot multiplexing with respect to user equipment in accordance with various
embodiments.

[0032] FIG. 10 illustrates an exemplary non-limiting block diagram of a base
station in accordance with various aspects of the invention.

[0033] FIG. 11 illustrates a system that can be utilized in connection with uplink

pilot channel allocation in accordance with various embodiments.



[0031] FIG 9 illustrates a systemthat can be

utilized in connection with uplink pilot multiplexing
WORMR/04E8pect to user equi pnent in accordance RET/HS2007/080560

vari ous enbodi ments. [0032] FIG 10 illustrates an

exenpl ary non-limting block diagramof a base station

i n accordance with various asﬁects of the invention.

[0033] FIG 11 illustrates a systemthat can be

tiljzed i onnection with uplink pilot channel .
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enent I ndependent |y~ of any "ot her aspects
forms and that any specific structure and/or function disclosed herein is merely

representative. Based on the teachings herein one skilled in the art should appreciate
that an aspect disclosed herein may be implemented independently of any other aspects
and that two or more of these aspects may be combined in various ways. For example,
an apparatus may be implemented and/or a method practiced using any number of the
aspects set forth herein. In addition, an apparatus may be implemented and/or a method
practiced using other structure and/or functionality in addition to or other than one or
more of the aspects set forth herein. As an example, many of the methods, devices,
systems and apparatuses described herein are descried in the context of multiplexing

uplink pilot signals in a SC-FDMA communications system. One skilled in the art
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called a system, subscriber unit, subscriber station, mobile station, mobile, mobile
device, remote station, remote terminal, access terminal, user terminal, terminal,
wireless communication device, user agent, or user device. A wireless terminal or UE
can be a cellular telephone, a cordless telephone, a Session Initiation Protocol (SIP)
phone, a wireless local loop (WLL) station, a personal digital assistant (PDA), a
handheld device having wireless connection capability, computing device, or other
processing device connected to a wireless modem. Moreover, various embodiments are

described herein in connection with a base station. A base station can be utilized for
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from context, “X employs A or B” is intended to mean any of the natural inclusive
permutations. That is, if X employs A; X employs B; or X employs both A and B, then
“X employs A or B” is satisfied under any of the foregoing instances. In addition, the
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articles and “an” as used in this application and the appended claims should
generally be construed to mean “one or more” unless specified otherwise or clear from

context to be directed to a singular form.
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Partnership Project” (3GPP). ¢cdma2000 is described in documents from an
organization named ‘“3rd Generation Partnership Project 2”” (3GPP2). These various
radio technologies and standards are known in the art. For clarity, certain aspects of the
above techniques may be described below in the context of uplink pilot multiplexing as

it applies to LTE, and as a result, 3GPP terminology may be used be used in much of

the description below, where appropriate.
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group. Access terminal 116 (AT) is in communication with antennas 112 and 114,
where antennas 112 and 114 transmit information to access terminal 116 over forward
link 120 and receive information from access terminal 116 over reverse link 118.
Access terminal 122 is in communication with antennas 106 and 108, where antennas
106 and 108 transmit information to access terminal 122 over forward link 126 and

receive information from access terminal 122 over reverse link 124. In a FDD system,

communication links 118, 120, 124 and 126 may use different frequency for



of 5 MHz, N = 1024 for a system bandwi dth of 10 Mz,

and N = 2048 for a system bandw dth of 20 MHz. In
w@eenai7sl N may be any integer value. [0048] RedEUS81007080560
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coverage arca may be partitioned into multiple smaller areas (e.g., three smaller areas,
according to cell 202a in FIG. 2), 204a, 204b, and 204c. Each smaller area can be
served by a respective base transceiver subsystem (BTS). The term “sector” can refer to
a BTS and/or its coverage area depending on the context in which the term is used. For
a sectorized cell, the BTSs for all sectors of that cell are typically co-located within the
base station for the cell. The transmission techniques described herein may be used for

a system with sectorized cells as well as a system with un-sectorized cells. For
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VS glgnngh) @P?’f}’ahe tipgsmated o PONYDIC ACGRPY RATRIS 40 ARSHRSESSS terminal,
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zero, one ase statl Ons on t
slasy pairkts aiacbng il indee atedny agihe eernimaie P20 ankhe ad dwrasdktations

rward. |link) refers t he communi cation |ink
éf@ﬁ?gﬁ%r B%‘%@%’Féﬁl‘fhorﬁg’e%togﬁdig ernminals, and the
spk (or pfeVveAk §lﬁls'trht%§)m E)@é‘n%l dnt lnﬁltl‘ﬁg Wﬂe@ﬁtﬂléﬁk diagram

nk fromthe termnals to the base stations
Eﬁa syatarethiat ficilitgds @itat lchaneet mnktl,plaug/mcelrdmgmtwaobumspects of the

EBOvTNRTOh oSoom G PO eRats” SuPrec Sl iror

Edrifnbih iR bRy @(Flﬁﬂl’édtt@%tﬂéﬁ@sta@cﬁﬁﬁ)ﬁh%t\bl@élésszﬁé?m@?iym other words,
conmuni cate wi th one anot her as needed. Data

basantation S0bis aviding odrovgadr [dptalsciydess tes UEr ¥ ayaea downlink 310
AL re%écivﬁgcom hi&Gns from user equipment 302 over an uplink 312, such as a

SC-FDMA uplink. User equipment 302 can be mobile in nature, such that quality
associated with signals received from base station 304 can vary as UE 302 translates to
a different geographic region. User equipment 302 can include a pilot multiplexer 306
that can adaptively multiplex uplink pilot signals in accordance with the schemes
discussed herein to enable channel condition estimation among other functions. In

another aspect, base station 304 can demultiplex pilot signals using pilot demultiplexer



access termnal at or near the maxi num data rate that

can be supported by the forward |ink and/or the
weovssE78at i on system Additional channel s of P¢EUS2007/080560

forward link (e.g., control channel) may be

transmtted fromnultiple access points to one access

termnal. Reverse |ink data cBhmunication may occur

fromone access termnal to one or m)re access p0| nts

at, the term n
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exenmplary non-limti ng gh-1 evel bl ock di agram of
gymreapted Hat UEaldi2l andor gsepﬁtatml R aAm eicluaglothaslaasd ey components

accordi. ects of the ent i

LRSS il e ARERE S MmO S0t Rikion or
QI 6 AHAPtRICY dc@tpliRotht @ilat DRSS @hérs. BOdexampie, according
W rel ess manner. In other words, base station 304 is

{9 IoHs LYMEBts o diconvertion, he bascciaiongarangit giggpumper of
|

LN AR, SOSRI SR ST AL ko A e g

alpdcatidn iddseficrageh thaethe sﬁlﬁjﬂctd&lﬁl 302 thobusk etation Béd, uilhé the other

such that quality associ a wi th signals rtgﬁelv

AetymvgERdess éftl’glﬂil%cwa e x/ gtgrmjae tbemleémtu &ying ydepg. In
adHidd %rh?l% ﬁl@g![?ﬁ’ﬁbl \*}rﬁﬂik%anﬁ&sﬁfl()eﬁé' LIRRDLs Q’QE%IE AMow, it is

I ncl ude a p ot nultiplexer 306 that can adaptive
tobet dpplrasiatedpthiainthe pivieotiors¢aengatesn thease olanbeality bﬁtraltsmit and

BSOS RS2 BT S P FRT

Bagenstation 304 can denultiplex pilot signals using
Fﬂ!ﬂSOt demul ti pl exer 308 such that the adaptively
6l pl exeBuighdrppres itghatld beandirstond dut.tthe ferpr owdtiplex” in the
O%%nn%bgsee%teh&g%%gﬁ@nuplfg %Brn%se as ¢ cgt erg‘t%e :h:ege(irg {eff%rs t?,'t ¢ process
blEscRRan@bakdwidthassusdes tin Qﬂsh%ﬁﬂarﬁﬁﬂ ad qdresdevedrt®ionality of pilots
anci |l l ary conponents which facilitates, anong other
PhHe facalifatingomulimncens Irsmnssieskonimuldrlcitinyntsion spurees (.g.

d C% &\%otdghg‘g&ig{eh}{l% { £e§ &/frg]e chtaﬂﬁelp ljigﬁée I‘?‘E)\{Cé d&cﬁg cgﬂ'text in

rexa rding vari o
a)ddimdnetol doviediitiondl, ddﬁlneldnaséthstvmrd mfemnlg td phyrseal boﬂnhmatlon of

nu’?%g LE&;%SS% ¥ %‘E}rl\ghﬁ ﬁﬁﬂf}: ggl!l%}lg %ég{q%% HIS% 302 or portion
HHARRF L] & uRHED tI‘ElMlt 5@ pRhEEhanE ﬁ&altaﬂelaﬁslf %ﬁltlplexed)

station 304, and the other active wireless term nals
e@nrdgamt thy e¢lymr¢eis elesdrrbed hh@ltp whalt thnmultlple&md signals may not be

h I
BRD soBu Gt 0 ootBon Bt ok bR furiieY Pl spMA or
NG E! @bt diviiial TESIIRIRLY, GRNItaTHBLAY @8ndhie ob8@h&nel over
a plural | ty of transmt and reéeceive antennas, such as

poukly dtenpievicae Bo pepalzpigiahegrabipaieon agemd i AT D NOJ or portion

thereof. Rather, the process of multiplexing in this instance refers to the selection of
specific portions of shared resources by UE 302 such that the individual signals can be
simultaneously transmitted over a shared physical channel and subsequently
demultiplexed.

[0057] FIG. 3B illustrates a base station 304 receiving signals from a plurality
of UE 302 such that uplink pilot signals are adaptively multiplexed according to various

aspects of the present invention. Base station 304 is shown receiving signals from a



system [0056] Furthernore, it should be understood

that, the term"nultiplex" in the context of user
weeowspnest 302 uplink channel as descri bed herBCTUS2007/080560

refers to the process of selecting bandw dth resources

in such a manner as to preserve orthogonality of

pilots while facilitating si MA t aneous transmi ssion

frommultiple transm ssion sources (e.g., antennas)

BB ORI D o Bl v Saemt f o o0 BNRORG e mute-
AR% VMO QR SITM OPSHIBE HivisR PG SReARYONER) system.

conbi nation of signals. For exanple, '
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230)da8 ¢iid W chHat@hinal (wgl ltee B@Eomﬂc&dsﬁéﬁﬁﬁaﬂ 230%&11@ corRyxt of
not be physical ly conbi ned in the UE 302 or rtion

U%T%ol‘n anj aypeetlagicHeshaeicangr s lassirming Crurah Gannels and Traffic
&Héﬁde ﬂ{il &bﬁ'ﬁ‘(ﬁlChgﬁnglP se%r%H&c\tAg{@&Hﬁdl bhtdllti ﬁ@t&H)
on a C an e

over a sing tenna re no ac
whiphd$ a Ddndhianadlifonbroadudsting S?sﬁehﬁcoHEoBﬁforﬁfatlﬂﬁ) rRaigiy Control
ltiplexipng in this

FHer eﬁ@é?(ﬁ Q\E%Ch%rﬁelh@{aglﬁ?e éﬁ%t.t@ﬁ 1 pﬂs&g. Ipfogmafipn. Myyfticast
@Bnéaémqnmmmf Hadh @ﬁ% %Hmﬂootlﬁm thgnkngiey irstual

signal s can esmutane usly transmtted over a
Erht&natllngmlshtmwldlacﬂht@ad@lst awdVsltiose Gaentd (MBMS) scheduling and

ST BB of e e MGk dRREe Sy (17 Epis) Generally

3@& SHpRsHifAR aHB |Re§6ﬂ1r9é Cotrsli(ARE) SoR{cBtiGH AL tNAIn¥l is only used
mul ti pl exed accor |§g§5to various aspects of the

pr e r$02 ity éfmeW@rMB dedicaterd dipn8OUChannshdWiCHe saioviitrig-point
gl-?i?eacltl?)na{lrcﬁ Ihne ha{ g Aulrsfr]xgg% #Eteg gont 61%1%%2%%1' atnﬂ%sec{] by UEs

Ml@vh@’@nmm@boﬁmﬁ@t dh ¥ ifigrtin aspelct, lgdical ﬁ@ﬁﬁﬁcﬁhaﬁ&m/&ﬁmprlse a
system 005@ The foll ow ng di scussion provide
Qa@lp@% A sffip @freé (RECHA whigh s Rﬂi\ntrteg)@miubﬁglr@@t@ﬁal hagnel,

Sy S%Aﬁ em ¢ totﬁg é<l1;' %feg Of u%ﬁ §I?f0§£éﬁ dnPR 1304 q%r Point-to-

ont evvlre ess termn
(relttpojnt UH. a&ﬁhnelrfoaﬁmmttmgrtmfﬁ@ﬂatazm in the cont ext

Rips8 Cont ¢ By & BeiRPEectrm e hbc brte flerated i yend UL, DL
%Cg%qlchm&%@rﬁe Q@rb&ﬁa&@ﬁﬁ&&%hcﬁz &b fKME] Data
(B , which | 0

a DL channel for broadcasting system
Gbatmeb(DIHSﬂlﬁHﬂaambm Pa@lag Chgnid (RC13), tIChR@H dbr S(UPQI)EH))f UE power

Wﬂqg @dgctoq@%c ha e%@%ﬁﬁg@)mg 7 ageﬁq% thg Bgt()vor J[o e UE),
Bidlafidaste@ ot dntiBOEAL arldlm &3R8 B&PHYSREb &5, which can be used for other
control/traffic channels. The UL transport channels comprise a Random Access
Channel (RACH), a Request Channel (REQCH), a Uplink Shared Data Channel (UL-
SDCH) and plurality of PHY channels. The PHY channels comprise a set of DL
channels and UL channels.
[0060] The DL PHY channels comprise:

Common Pilot Channel (CPICH)

Synchronization Channel (SCH)

Common Control Channel (CCCH)



transmtting Multinmedi a Broadcast and Ml ti cast

Service (MBMS) scheduling and control information for
wop®snss’8everal Milticast Traffic Channel s ( MIEBEEUS2007/080560

General ly, after establishing Radi o Resource Contr ol

(RRC) connection, this channe] is only used by UEs 302

that receive MBVS. Dedicated @ntrol Channel (DCCH) is

poi nt -t o-point bi-directional channel that transmts

dedi cat ed nt i.nfornation ed by UEs

302havi ng gﬁar?éiz@]“c Qe (happel @ggcﬁirt her aspect,

| ogi cal tr gffifiasCh@RgCha@IPVicke12 Dedi cated Traffic
Channel (DT(lllH), whi ch is point -to-)goi nt bi-directional

channel , deredt/édAsseenomeat Obatinst (YWWACH) ansfer of user
information., Also, a fo - pt~tomul tipoint DL
channel fo C’F&%%ﬁ’%ﬁﬁ%ﬁ@%‘?ﬁ“@@’(%)a. [0059] In a
further aspechysichibSiRpal Date!thaned sDarESIEESSI fied into
DL and UL. DL transport channel s conprise a Broadcast

Channel ( BEH)PovsswonirakClopmme @RSt ) Channel (DL- SDCH) ,
and a Pag!ﬁ%i%ﬂ{aﬁ‘c%lt%r.(&%el (ﬁ@é’gm for support of UE

power savin sconti nuous tion (DRX) cycle is
I ndi cat ed byad Ihdicamt Whakndl 0LICHE) UE), broadcasted over
entire cel]l and mapped tq PHY resources, which can be
(P984  or off ReHLddhY (Orrpslasdmerithannel s. The UL

transport 3 [ ess Channel
p ﬁﬂﬁwka%g}:ésg %@ﬁ)ﬂ AORA AEG

(RACH), a Request , a Upl'ink Shared
Dat a Chann€har{ndl QD&Hy ladidatpt Ghanick (CQQICEBDHY channel s.

The PHY channel onpr i a t channel s and UL
channel s. ﬁﬁg%?legg?g?ﬂagweiﬁﬁgﬁgﬁconpri se: Common
Pil ot ChanpglenfRS Indidacdii@RhgatAsrcighannel  (SCH)

Common Control Channel ( Shared DL Control Channel

(SDCCH) MuBhdrediBequ@shEhaine HY MCCH) Shared UL

e arrent Sl S SRRy el

Power Cont BedadeiraiPiedt ChieeTkpPiag) ng | ndi cat or Channel
EOF())I6%]|_I) Loagcéor}?iiin?gaté (e)>r(en%]lgrr;lnneolnligllftlinclg_gmbodirnents of the invention, a
channel structure is provided that preserves low PAR (e.g., at any given time, the
channel is contiguous or uniformly spaced in frequency) properties of a single carrier
waveform. According to further nonlimiting embodiments, when multiple UEs or
streams from a single UE are multiplexed on the same bandwidth allocation in SDMA
or single user MIMO respectively, the invention advantageously maintains pilot
orthogonality for improved channel estimation and suppression of channel interference.
In addition, as described above, the invention advantageously maintains a single carrier
waveform on the pilot channel for improved wireless transmit power efficiency for
wireless terminals on the uplink channel. Thus, described herein is a method for
multiplexing UE on the same bandwidth in SDMA (e.g., MU-MIMO) or SU-MIMO
while maintaining a single carrier waveform on the pilot in all scenarios.

[0063] For the purposes of description of a particular non-limiting embodiment
of the invention, the following nomenclature is used. One having ordinary skill in the
art would recognize that various modification could be made without departing from the

spirit of the disclosed invention. Thus, it should be understood that the description



[0061] The UL PHY Channel s conprises : Physical Random

Access Channel (PRACH) Channel Quality Indicator
w@hanned78 CQ CH) Acknow edgenent Channel ( ACKQPMT/US2007/080560

Ant enna Subset I ndi cator Channel (ASICH) Shared

Request Channel (SREQCH) UL Egysical Shar ed Dat a

Channel (UL-PSDCH) Broadband Pi | ot Channel (BPI CH)

[0062] According to exenplary nonlimting enbodi nents

f he. i nvent.i on, struc ure i %
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e maintaining a sin
SEMA)e or tweangfcombirgiion hlErgmﬂ otd thelikt.| Inseldriami while f@@agjoses of

Bheg %, DR SRR B o o 8RR Rohc i Hos and 5B 410,

§&'h|aCBN0{b@ IDRSRIS BAIUD €hd ﬁmé‘t%ﬁfjoft@‘ fvEANA I 9A X fisiiRWhile a
skill in the art would recogni ze that various

mﬁpmlaltqanmmemun@' lkﬁedqm@leedvmtthﬂmnt@é patheipHgt ¢ha@n¢lt0|qeupymg

t f t
B oG Bt BT YR e Ty SRR Fanoin
R Myloehdnaeiidm rhs bé hadd, ﬁliﬁi/Sles msc%obinaha\hisb@sﬂ@ﬁa@amner of
wWithin the scope of the clai ns appended heret o. SDCH

penvgniches igdelpangtherwanerprs, deppreyqdihgroan. py ith regarrhiqrista mpggplexing
ktﬁ&ﬂgﬁ%ﬁ?ﬂd@ﬁg %19 ‘f\}fI’Mé %r %YBM@ %c&%}f} Stnﬁlﬂgllegﬂgl s%legr‘flg are

respectlvel
multipl@&:d @ndhe( sag)c RBl40ecwihdn thbf cheRs of dagarstrsarn @ D& HL Bailtiplexing

and 2 and TTI a Transm.ssion Tine Intery
BdnmiFsl R?@fogmgqi BY ghe S[cb qr seeithalythadesitiepms a5¢ PRl ﬂjm sgpgrable

RARMIMIE duBBre3daPhd thErdRbNEE, 1R hGRIhAvantageously provides an
orthogonal pilot structure 402 for each stream that ensures a high pilot SNR and an
accurate MMSE pre-processing of data. In addition, to maintain a single carrier
waveform, the pilot and data is transmitted in a localized manner. In the exemplary
non-limiting embodiment of FIG. 4, such a multiplexing structure can comprise a 1 ms
TTI 404 split into 12 LB 408 and 4 SB 410, where SDCH can be transmitted on 12 LB
408, and PICH can be transmitted on 4 SB 410. In the particular embodiment, the FDM
PICH structure for 1 RB spans 180 KHz and is the minimum unit of transmission in the
uplink. The PICH granularity is 30 KHz, in other words, the PICH bandwidth can
increase in increments of 30 KHz or provide 6 tones for each minimum unit of
transmission in the uplink. FIG. 4 depicts the results of an adaptive pilot multiplexing

scheme where the PICH structure is adaptive such that the PICH bandwidth per symbol



schene 400 according to various aspects of the present

invention for up to four streans (e.g., streamO, 1,
WQ@200a/04578) . It is to be appreciated that a streEnUSmOT/EB0560

refer to one of a nultiple of uplink transm ssions

froma single wwreless UE 302 (e.g., SUMM), to one

of a nultiple of uplink trans]n%s& ons froma nultiple

wirel ess UE 302 (e.g., SDMA), or to any conbi nation
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essential to the function of the invention.
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recei ver, the |nvent|on a vantageous y provides an
whttlhctgﬁwmISLleMO,sSEM@t or enﬂ@ﬁnlﬁioaticeahbreet)r esenordiag to further
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et auscisgr et Bres i BICTH Forah s baba s canstea
BB Dafd R AR caM@Y §afhily tR&htipé | @is mdlﬂiatﬁﬁidht%nally, the
transmtted in a |ocalized manner. In the exenplary

moentidmadvenigeeablydirodaes of IGH @aveforns thahpeeseribs thplax PAR single

structur ca 1 TTl.. 404 s to 1
S o 2B T8RSt i i AR Thoffet shiing

PKH Q%que’ii@? 16Yafibh €iirRadiestidaaigndss ISBinQindwbife fhhﬁ}talh PICH per
the particul ar enbodi nent, the FDM PI CH structure for

SRBILEAHEUABON KIGgUeY: 2SSO i VRTIAUMISORFLs obthe invention.
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FAGRS RS R 0t sl TP o A AT Sty
per IB1d0eaetht 1O pdDstiddm @in tmrfmqmeltecyﬁ:htzl@memdmplem an

mnlrrumunltoftrans SS|on|ntheuI|nk {1: ]éej
Bléli!ﬂ%?fl% e tsinrRvegthanpe 36‘513’[“?% SPBW@WLHt TP EX g

%{:ﬁ{ﬁm—‘s Wsr&eidae PICH structure is adaptive such that
the PI CH bandw dth per synbolis a function of nunber

{066} r eans Foyetha gxamplt ipF X ddofibe straightjortvard cask ¢4 ohtwp streams

I " SRR} B §soty SahdRR b Bisarly it AR Spperpnd of

e FRERBDE3EdupHIng MhAuppRe thecd®n e 36 thdRdo@PIN 802 Thehe stream hops
grey-cell area denotes the LB 408 where SDCH from al |

ot the fovecriportinarat RBrAQS sgogpying theelpwvet thr&Bong? Thedattpra then

repeats, resulting in a PICH per stream contiguous in frequency with constant
time/bandwidth allocation spanning the entire 1 ms TTI 404. However, as more streams
are added, the multiplexing scheme adapts while maintaining the aforementioned
advantages (e.g., single carrier, orthogonality, constant time/bandwidth allocation
spanning a TTI). For example, in case 418 with four streams, the pattern is non-
repeating within the TTI 404, but maintains the PICH per stream contiguous in

frequency with constant time/bandwidth allocation spanning the entire 1 ms TTI 404.



PI CH frequency division FDM orthogonality can be shown
by the indicators "0" for stream1, "1" for stream 2,

w0 2008f0er785t ream 3, and "3" for stream 4. [ 0065PCTBES®NAHIS0560
results of the provided adaptive pilot nmultiplexing
schenme can be observed fromFI G 4. For exanpl e,
according to various non- |i m% | ng enbodi nents, the
Pl CH bandwi dt h and frequency | ocation per SB 402 can

ry in ti as nction. of the.nunber qf activ :

UL e (R o8%efied B, PalicSriad AR wonde ey the adaptive
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igrsconorafithag2iemspdicmdedthsrete. hBorRIx@m plep pcaoading &t fuethen taaslimiting

th ame. _con t, time/b i, dt h, al | ocat.i.0 nnj
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00681 ess t Fam¥m@dgower ef ficiency by cyclically
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conti guous i n fPEJIeMdwidthas diedian@ ak datadn kb $B aspect s
of the invention, Furthernor th ovi ded adapti ve
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MoK our %19}”55%&119& We"jlﬁgﬁe B F AT OB R ORi i
Lh logfﬂentzl@ﬂhinQ%iréf@és%%ﬁfnﬂﬁﬁéaﬁ@nf étgﬁloﬁﬁl%msig haRMated. The
contiguous 1 n frequency wth constant tine/bandw dth
apaotat $Wncas panrtiangstatien it orragpotnien fhigicod 04ufed O@itpmas 302 or a

A TR AR T TG TN
900 bunligélga@n R iRy FdGhadreidiHous BRAGEIHY Withd@pect to signal
processing, scheduling communications, requesting measurement gaps, and/or the like.
For instance, if apparatus 500 is user equipment as described below in connection with
FIGS. 11-12 and 15, memory 502 can include instructions for analyzing quality of
signals on an uplink and/or downlink channel with respect to a particular base station.
Further, memory 502 can comprise instructions for adaptively multiplexing PICH by
varying the PICH bandwidth and frequency location per SB 402 in time as a function of
the number of active streams. To that end, memory 502 can comprise instructions for

receiving and processing uplink pilot channel data (e.g., number of active streams



the scope of the clains appended hereto. For exanple,

according to further non-limting enbodi nents, the
wWOoL@BlI0og78uUct ure in FIG 4 can be extended for PCRBSANT080560

Mstreans as follows. [0068] For N= Qdd: if M= 1, or

2 or 3 PICH bandwidth is the sane as data in all SB

PI CH bandwidth = ((180/M*N) ¥ if M= 4 PICH

bandwi dth is the not the sane in all SB PICH bandw dth

of  streammi i ndex

.S = (90* K P i dt h
St Eamie e oy 1Bbrist Ry Rt BB Ty 3¢y
E)tBMinatidn thercof aRl/o2th@Nik3) 86mth BkECHabB@Ngd BtddddrSo FSlitate
same as data in all SB Pl CH bandw dth = ((180/ M *N)

wd4ptiydp rojltifsxisg onlivk pidote berording to sprsHetammiasd sohsingnin

rovides siml.ar advantages as.that cri bed abgwe
RieBtnERyTh Mot bR ARG Ride) T AAEBh RE MG R Gan
SomrigeanIHiRt 6@ fof Rigil RPN edndiR dfelic fpteIBifitiplexed PICH.
within a wireless communi cati ons environment is

The ehave gremple ThEruS PR A pshos uitabininpEuiona sen Be igfairay within
o0 RBY & oYt LRE R e AR FEMREGT o Ruthe he
oeurpdtias (depanding apas dor) instéypgeandhbis cbQbtiveastrehms, fid@erey starting
menpry 502 that retains various instructions with

PeYIIL €0 si gnal processing, schedul i ng

mﬁ?ni cat WS, s RYESIVNEhJIRRRKNREBA L 43S0 st Hd/or a

i ke. For I nstance, If "apparatus 500 Is user
peptibp themtofas dekesibed badwbe cawecnorcwrthdd GiSoH-10iamid 14 @8 an

L S oA 02 S0 noL e Lt ucLons, 1
hégtkesn@amsglapphhiis 506 REGking tn@sRembhiS Wit refReE€to other
station. Furthér, nmenory 502 can conprise instructions
feehnadelzipt 4ndéaryiraquendigst SemeryRi0CHanpdditioyallygnellide mi@petions for
TR 5P B, DA e Seams
eiflor ingikmey stafthgCladtueyilbtB&Rnl MEhbdtQf b edikibfcORBs 406, any
combination thereof, and/or the like) to UE 302 in order to facilitate demultiplexing the
adaptively multiplexed PICH according to a predetermined scheme, in accordance with
various aspects of the invention. To that end, memory 502 can further include
instructions for facilitating reception of the adaptively multiplexed PICH. Processor
504 can be employed to execute instructions retained within memory 502. While
several examples have been provided, it is understood that instructions described in the
form of methodologies (e.g., FIGS. 6-7) can be included within memory 502 and
executed by processor 504.
[0073] Referring to FIGS. 6 and 7, particular high-level methodologies for
adaptive uplink pilot multiplexing in accordance with various embodiments are
illustrated. While, for purposes of simplicity of explanation, the methodologies are
shown and described as a series of acts, it is to be understood and appreciated that the
methodologies are not limited by the order of acts, as some acts can occur in different
orders and/or concurrently with other acts from that shown and described herein. For

example, those skilled in the art will understand and appreciate that a methodology

could alternatively be represented as a series of interrelated states or events, such as in a



recei ving and processing uplink pilot channel data

(e.g. , nunber of active streansand/or indicated
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406, any conbination thereof, and/or the like) froma

base station 304 in order to facilitate adaptively
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| :
thetrbadh Flé(gmflspleé%ﬁaqutw 785%p/rv@ry¢qlg e qqaaﬁé)ga%mdth and
fP qEnEP [Jdad W§@4mﬁ't9ﬁ§a&m Méd&é&lnedyfun%tlon of the

|IIustrated e, for purposes of sinplicit
expbardEv, stltehms rreﬂttW@Goilhe §i23020mn mirtom thenmf dresgnittbd

i ed 288 Bl ot hodol ogi es ‘are not 11 mited by

f0vgepr der piGag HSpictdan SRUEpIebSntAtafsE Wstdn 800 frhEMBited in
accordance with various aspects including multiple cells: cell I 802, cell M 804. Note
that neighboring cells 802 and 804 overlap slightly, as indicated by cell boundary region
868, thereby creating potential for signal interference between signals transmitted by
base stations in neighboring cells. Each cell 802 and 804 of system 800 includes three
sectors. Cells which have not be subdivided into multiple sectors (N=1), cells with two
sectors (N=2) and cells with more than 3 sectors (N>3) are also possible in accordance

with various aspects. Cell 802 includes a first sector, sector I 810, a second sector,



orders and/or concurrently with other acts fromthat
shown and descri bed herein. For exanple, those skilled

wo pooBhes7art wi | | understand and appreci at e t haPCHUS2007/080560
met hodol ogy could alternatively be represented as a
series of interrelated states_or events, such as in
astate diagram Moreover, not2Zl | |IIustrated acts may
be utilized to inplenent a nethodol ogy in accordance

ctiaP P 8 LR SRRR CSPE TS b Frirciey Hb 4Pty hepevo sector

Bé\ﬁidbfyt REloRE cHen bcﬂhldﬁﬂyl 1kiofd §Hakderek Rkl tWo%fH&@ﬁtsb&Brs
adaptive pilot miltrplexing schemes descri bed

Hwﬂé] n. At Senar, boypHarsikegpnsqrroeida paightia ooy gnal inerference

rofa e str.eans an/orlndcat
bftfon ST BBl b e RS AR BB 0B fing DS E, Pl g
D EesciaB s@@@itwmﬁa@meglb@baafeen anedrars 10had k@11 812; line 818
necessary to facilitate adaptive pilot multiplexin

EDFRSARES aé%ﬁarohqvgdw regipn befsican pciad! # Lihed S@ﬁtoaiﬂ &h‘g line 820
gb;bp%glagt% af 6‘38 ol%o%gld%g §§I8Eb tﬁveegrggfcw&p%gg gﬂd%%ﬁorbfa§ﬁ) Similarly,

c@BPERMI iMeludgsl d firkt gpictonf sectoanB2l, aisof@rdnaétonredtsr 1T 824, and a third
transmtted ég one r nore UE 302 i?ofamlltate UE 302
Saf‘&éﬂéit fegtor E)H 8 §IT%B€FW§tSWeQTQF aﬂh@gkﬂnl een sector 1

SRANNEl. RN hﬁ‘e Bfe%&ﬁ? q gé/ct(l)rqgﬂhﬂé%) r&36n @w@%séc%r 11

tine accordlngtot redetermn function
Bhipel seotor H&BQ(rellm‘:t&SéaquseAts BPBindany re@spoersecn ecctor 111 826 and

A MR W NG
Hpéddlrﬁnld@@ﬁ\lsql(é ot vﬁﬂ%%@@ﬁt‘rmﬁﬁfs@hﬁéd&ﬁ sbQot 818, 812, 814. Sector 1 810

predeterm ned function and the resgect ive uplink pilot

viebdae EN( hfSgomad EMX)B%GS)V@}plai @ BY304 vigstirdese dinkh 0 842,
eg{)etcl 1&6 %?%ec?orqpﬂ 1nF dgse EIQ{)IdPM)Apz}/nd 1%9@? 9%4% ?ocug)gea tﬂ§]§06 via

connec

piiteREs MaMdstg4s| €50, P@pé&ﬁel’ﬁ‘&cﬁﬁﬂﬁm 1zl hedseiN1 ) 852 and EN(X”)
response to receiving respective uplink pilot channel

B 3F enruptadi te BSa30670a winckss Hnlsa®e, 83 & trespactBEly. oyimalarly, cell M 804
ngfutd LOPask Igﬁl'ﬁgﬁ M8V aﬁg % ﬁﬂrg?tg%? fl@ 8§de{§gﬁvar1fn each ﬁ%:tor 822, 824,

aptively mnmu Xes
p2a. oSecod'rarmé lindbaded Nl h8 B dnd EAGNE REY dooplad n@BSr}\&rSOSSIza

di
EREleN R 0F et roea e Ba NGOl STha s ESE A6 R ENCC)
PR L@l '&?B@NI 8bg @Mé@ssﬁﬂ&s RE@DRE (Y e}dpéwkﬂzpée%‘?&?q 826

pilots. [0076] FIG depicts an exanple co ni cation
sy bidenEBQD ) §H3r emiaEN(-S&”b &Sﬁccoopldd\m:BS\&{)B riavairélessdinks 856,

gggqects |ncll uding multiple cells: cell | 802, cell M
4 TRE8VE'Kat nei ghboring cell's 802 and 804 overl ap

flo78ht 1y, 8¢stérA @00 alse dndhydes @lnetvR RdaE J60 ®8icANs &Pled to BS 1
thereby creating potential for signal interference

B S M §O&big nepveark hinks 8L, 1§94, respectively. Network node 860 is also

coupled to other network nodes, e.g., other base stations, AAA server nodes,
intermediate nodes, routers, etc. and the Internet via network link 866. Network links
862, 864, 866 can be, e.g., fiber optic cables. Each end node, e.g., EN(1) 836 can be a
wireless terminal including a transmitter as well as a receiver. The wireless terminals,
e.g., EN(1) 836 can move through system 800 and can communicate via wireless links
with the base station in the cell in which the EN is currently located. The wireless

terminals, (WTs), e.g., EN(1) 836, can communicate with peer nodes, e.g., other WTs in



base stations in neighboring cells. Each cell 802 and

804 of system 800 includes three sectors. Cells which
w2008/0#5081 be subdi vided into multiple sectors ¥&EU$2007/080560

cells with two sectors (N=2) and cells with nore than

3 sectors (N>3) are al so possible in accordance with

varlous aspects. Cell 802 i nctudes a first sector,
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ot her base stations, AAA server nodes,

instance, multiple receivers can be employed (e.g., one per receive antenna), and such

receivers can communicate with each other to provide improved estimates of user data.

Demodulated symbols are analyzed by a processor 914 similar to processor 1106

described below with regard to FIG. 11, and is coupled to a memory 916 that stores

information related to user device assignments, lookup tables related thereto and the

like. Receiver output for each antenna can be jointly processed by receiver 910 and/or

processor 914. A modulator 918 can multiplex the signal for transmission by a

transmitter 920 through transmit antennas 908 to user devices 904.



i nternedi ate nodes, routers, etc. and the Internet via

network |ink 866. Network |inks 862, 864, 866 can be,
we2@s/04¥78ber optic cabl es. Each end node, e.g.PCEN§10p7/080560

836 can be a wireless termnal including a transmtter

as well as a receiver. The wireless termnals, e.g.,

EN(I) 836 can nove through sy%*en1800 and can

conmuni cate via wireless links with the base station
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anteyws efeatorazcdearenbe 1093 edupkad th trapomitier § 0Qn's whadhfor transmitting
8&% gn& ﬁ%larllsk %Lc%%h%nlusltléﬂa% B?'ot@@@g %arlrclzeo% st na[]s etc g wireless

respect Ser conprises’a b

hi@tnan 2902506 RIG. 42 @aRinwath Sbborididic Ba8€ ehl&Ss cell. In Varlous
si gnal (s) fromone or nore user devices 904 by wa

pipectsrbage ptations ERAOan gmpénnas tipbrereceirers f Pehand m%&ltlpi/? trggmitters
P61 9 gﬁrn? iViGhl rggx%e(fqﬁO? ?o% etclgﬁ Qelé% afld Qﬁ H{d?whﬁ&f tr%flsrmtter

{rans enn
hbGdefon aaach%é‘toa A desafised abo@en ﬁtem ttﬁl:se e&@fﬁeo@zﬁﬁd that various

rrent ed usi si ngl e, set t ennas. Recei ver
91”8 @aﬁm}s@é%mﬁéﬂﬁw HEREBIG. o RO Sy ¢ ggppmit and
ARGivE Sn@REL st ¥ ek Yet @SR ‘P{fe' ke GtaMbed thPusde éﬁt%ﬁn 88- fsed.

t hat denodul ates received i nformati on. Recei ver

Samldoky, fdrDMAaypcms, mullpkeuscescah yi@nsniie agd recaive s1gnals from a
echni.gue t.hat i dua racesses nmu

bRG Aot BryiBhemt € bef T ot BT 5 ErabeikdRerte Processor

COUE, BAPb QS a genedal p@Podd\iRhtrliaseekssiRE @hit @CPUPT PHOERor 1006
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connection to other network nodes, coupling the BS 1000 to other base stations, access
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includes routines 1018 and data/information 1020.

[0082] Data/information 1020 includes data 1036, tone subset allocation
sequence information 1038 including downlink strip-symbol time information 1040 and

downlink tone information 1042, and wireless terminal (WT) data/info 1044 including a



i nstance, nmultiple receivers can be enpl oyed (e.qg.,

one per receive antenna), and such receivers can
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esti mates of user data. Denodul ated synbols are

anal yzed by a processor 914 simlar to processor 1106
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Simlarly, for SDVA systens, nultiple users can

ayseensdnll thatadontiBes W' il 30tk Sectardih 1852 includes information identifying
the sector in which WT1 1200 is operating. Sector ID 1052 can be used, for example, to

determine the sector type. Uplink channel information 1054 includes information
identifying channel segments that have been allocated by scheduler 1026 for WT1 1200
to use, e.g., uplink traffic channel segments for data, dedicated uplink control channels
for requests, power control, timing control, number of active streams efc. Each uplink
channel assigned to WT1 1200 includes one or more logical tones, each logical tone

following an uplink hopping sequence according to various aspects of the present
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downlink tone hopping sequences, using information including downlink tone

information 1042, and downlink channel information 1056, for the symbol periods other
than the strip-symbol periods. The downlink data tone hopping sequences are
synchronized across the sectors of a cell. Beacon routine 1034 controls the transmission
of a beacon signal, e.g., a signal of relatively high power signal concentrated on one or a
few tones, which can be used for synchronization purposes, e.g., to synchronize the
frame timing structure of the downlink signal and therefore the tone subset allocation

sequence with respect to an ultra-slot boundary.



sector specific values such as slope, slope index and

sector type. [0085] Data 1048 can include data that
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1200 desires to be transmtted to a peer node, and

downl i nk channel quality report feedback information.
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Conmuni cations routines 1022 control the base station
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functional tasks, e.g., signal generation and
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measurement gap information, scheduling information, and the like, wherein such
information can be employed in connection with allocating requesting measurement
gaps and performing measurements during a measurement gap. Memory 1110 can
additionally store protocols associated with generating lookup tables, etc., such that
system 1100 can employ stored protocols and/or algorithms to increase system capacity.
It will be appreciated that the data store (e.g., memories) components described herein
can be either volatile memory or nonvolatile memory, or can include both volatile and

nonvolatile memory. By way of illustration and not limitation, nonvolatile memory can



i ncludi ng downlink strip-synbol tinme info 1040 and
sector I D 1052. The downlink tone subset allocation

waewsenoes Wil | be different for each sector tREBEUB00H080560

cell and different for adjacent cells. The WIs 1200
receive the signals in the strip-synbol periods in
accordance with the downlink tne subset allocation
sequences the base station 1000 uses the sane

b | ocat d
etk s anfererianor@ PuergmaneTe BOREATERM st i
?ﬂo'g%ﬁhh@@ ROMREPRONDYU Elic Bigic BB GONSR ONE @Pdaml) | dtlash

one hopplnﬁeiequences usi ng |nfornat|on i ncl udi n
demery. nXolat lgem¢méryraan inadwdeirgadom amssdmwmbmwarvﬁech acts as
for t

eﬂgmg{r%icbo&e#}%gfs %\é ey o Eelluﬁﬁ‘%tlo tg? 100, ]gll}s available in

happ fotehs SEEH & WAShrah GusARNSRN ME diyﬁ@rﬁQSSAMl(@)IS&NDOF S
of a cell. Beacon routine 1034 controls th

@Wh%?@%DBAMKSIaRB%)c doutde gefarate §D§AME{DQRQ SBRA), enhanced
$§%MX§§I§K%”1\?2 E&?ﬁefiﬁ{ngﬁj@m s@%ﬁ?&%c td%ﬂreﬁ?ﬂtzﬁﬂﬁus%ﬁ

can e used or sy roni zati on
(DRRAJES , The. rgemortyd 139 incintendedz ® dohgrise,anehdut being limited to, these

uctu t he downl i nk signal and therefore t he
%reff@élw@%réplt%h l¢ Bipst PoRCBaG: drieessitt IH 0p dsgnuagctedtogsymbol
HolifiBos 1912 W%ﬁﬂﬁe{rqqqglhaﬂr%sn%gs thé h{&)%l{lfa?etdes?gtﬁl

system 1100 that can be utilized in connection wth
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descri,bed 1100 co ri se e )
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Processor 1106 can be a processor dedicated to

BRI iPRg A IeREY RS vsed Fosseqeane Hgnaleiemadhase sigemisroupled to
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of more portions of system 1100. System 1
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tim zation conponent 1108 can be i ncor porated
terminal 1200 and 1rnp1ernents methods by executing routines 1220 and using
data/information 1222 in memory 1208.
[0093] Data/information 1222 includes user data 1234, user information 1236,
and tone subset allocation sequence information 1250, in the example case of an
OFDMA communication system. User data 1234 can include data, intended for a peer
node, which can be routed to encoder 1214 for encoding prior to transmission by

transmitter 1204 to base station 1000, and data received from the base station 1000

which has been processed by the decoder 1212 in receiver 1202. User information 1236



into the processor 1106. It is to be appreciated that

optim zati on conponent 1108 can include optim zation
w@owe/osd1at perfornms utility based anal ysis i n PCT/US2007/080560

connection wi th requesting neasurenent gaps. The
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Vol atile nmenory can include random access nenory
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Mode information 1248 also included in user info 1236 identifies whether the WT 1200
is in sleep mode, hold mode, or on mode.

[0096] In some OFDMA embodiments, tone subset allocation sequence
information 1250 includes downlink strip-symbol time information 1252 and downlink
tone information 1254. Downlink tone info 1254 includes information including a
carrier frequency assigned to the base station 1000, the number and frequency of tones,
and the set of tone subsets to be allocated to the strip-symbol periods, and other cell and

sector specific values such as slope, slope index and sector type.



processor 1206, and nenory 1208 which are coupl ed
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i nfornmation. Antenna 1203 used for receiving signals
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tradsediseRdd @8psl At i ih ¥bME embodiments various features of some embodiments

are implemented using modules. Such modules can be implemented using software,

D

hardware or a combination of software and hardware. Many of the above described
methods or method steps can be implemented using machine executable instructions,
such as software, included in a machine readable medium such as a memory device,
e.g2., RAM, floppy disk, etc. to control a machine, e.g., general purpose computer with
or without additional hardware, to implement all or portions of the above described
methods, e.g., in one or more nodes. Accordingly, among other things, some

embodiments are directed to a machine-readable medium including machine executable
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eongext os hapa, dncexgcaerdtesepbbabilityphstributtbndownstatek, fooermple.
Ipformation 1254 .in..ordey to generate.the downlink . . .
B BBt hepeuaPinBHe dhy iS ARSETA iohoR aaREBHURY gisrivution
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from base station 1000. o

refer to techniques employed for composing higher-level events from a set of events
and/or data. Such inference results in the construction of new events or actions from a
set of observed events and/or stored event data, whether or not the events are correlated
in close temporal proximity, and whether the events and data come from one or several
event and data sources.

[00102] According to an example, one or more methods presented above can

include making inferences pertaining to determining active uplink streams to facilitate

adaptive uplink pilot multiplexing. In accordance with another example, an inference



[0098] The techni ques of sone enbodi nents can be
i npl emrent ed usi ng software, hardware and/or a
we ovbiossasi on of software and hardware. Sonme enPOHUS®NT/E30560
are directed to an apparatus, e.g., a nobile node such
as a nobile termnal, a base station, or a
comruni cati ons system whi ch i%%lenent sone
enbodi ments. Some enbodi nents are also directed to

net hods,, e..g. , nethod of cantrolling and/or er at. )
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enbodi nents. Sone enbodi nents are also directed to
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0099] In various enbodi nents nodes descri bed herein
$rét npl enent ed using one or nore nodules to perform
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chi ne executabl e i.nstrugctions, .such as fware, .
Ryt PR SO iost e ki shves 4Tl Dm0
g8Y bfRess8r U3 14. RAWh hdveBRYertli cakh dfh Stredn®isGRbmateddver a
machi ne, e.g., general purpose conputer with or

Wispdvdine tramkiit pesana. Nak detamegcessor il st wmmats, eddes,@nd interleaves the

ortionse of the aboye .described. .nmgtho e, d. . in.o
BB st B YRR SR Rl g st R or

exth oiame it Frodide cadadedit £ dintadc@dame Riittevdrad albedifRdiswthe
i ncl udi ng machi ne execut abl ei nstructions for causing a
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enbodi_nment s descri bed above will be apparent to those
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Wthin the scope of the respective enbodi nents.
neuh OFOM athapey. afheyilt dstenetypirrbibylh keows datampatien tlatds

I n varjous enbodi nents ar used with CDMA orthogon
PIOSTIE Y HIUTSTBHG 1 5o o e ERyeT et ppg Smate the
S Sl reYRINLQ Uhe hIEFlck 3Rt @hd coded data for each data stream is then
modulated (i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK,
QSPK, M-PSK, or M-QAM) selected for that data stream to provide modulation
symbols. The data rate, coding, and modulation for each data stream may be
determined by instructions performed by processor 1330.

[00105] The modulation symbols for all data streams are then provided to a TX
MIMO processor 1320, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1320 then provides Ny modulation symbol streams to Ny
transmitters (TMTR) 1322a through 1322t. In certain embodiments, TX MIMO



comuni cations techni ques which can be used to provide
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i mpl ement ed as base stations which establish

conmuni cations |links with nobi|e nodes using OFDM

and/ or CDMA. In various embodidrents the nobile nodes

are i nplemented as not ebook conputers, personal data
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IllTustrative In nature and aré not I ntended to
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BBRIUACE Rl o1 § VAR GO8 B AT thyappes may compris
0B IQ dpcd 85 GiThRMiI0R @ERIrdIng the communication link and/or the received data
stream. In accordance with various aspects of the invention, in response to receiving
respective uplink pilot channel information from transmitter system 1310, receiver
system 1350 adaptively multiplexes pilots by varying the pilot channel bandwidth and
frequency location in time according to a predetermined function of the number of
active streams. The reverse link message is then processed by a TX data processor 1338,
which also receives traffic data for a number of data streams from a data source 1336,

modulated by a modulator 1380, conditioned by transmitters 1354a through 1354r, and

transmitted back to transmitter system 1310.



[00103] FIG 13 illustrates an exenplary non-limting

bl ock di agram of a conmuni cati on system i ncorporating
wa@eo@poiarel upl i nk pilot nmultiplexing in accor daPCEUS200T1080560

various aspects of the invention, where a transmtter

system 1310 (e.g., base station, access point, etc.)

and a receiver system 1350 (a},‘bess term nal, user

equi pnent, nobile node etc.) ina MM system 1300.
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KpﬁMh@E 1900 fretudeas o giail groobfngalmomy eliaemdelt dbh’fpoﬁ@ds thyit can act
i nstructions perforned b processor 1330. [00105]. The

Howaiaction Bgripsarcet logica $YOHBH15 1497 exniaclade an plepfrical component

fH;J ﬁgfrﬁglg? %Ifglstg ﬁﬂtw% gﬁ on Séﬁll‘ép ’nfM[EHaﬁHn ﬂ?%/ base station 1404.

BEbDR} purpXsdyl d\‘?ﬁ)lmraﬁﬁsa‘mf nol ZBﬂﬁtaltlbﬁ,rumlmh\pnld'e(Slahﬂ'el 1nforrnat10n can
ation s streans to NT trans (TMTR

&@gl%a %%‘F%’Gb 205 (MOTE ACENG {TGRRS %@ﬂ%@iﬁ 5 of

Ma'}'f%%%s%ﬁﬁ%rblé&goanﬂﬁb?' éﬁ‘l%t Bt e gfaﬂahsa ?Qohﬁﬁlaﬁon

synbol's of the data str and-to tenna rom
thierok, ank ehcslylh Glirthe, logicabgronping 1162 ea:n m[:lfudd @6} leBaichl component

TER N EME R T e SN ST
adtthebtitnt WRK FK@W i6L7. oM st & an SARIpld, HRSmulkiblckd pilots can
comprise pilots having varying pilot channel bandwidth and frequency location per
block over time. In addition, the frequency location of the multiplexed pilots for each
active stream can be cyclically shifted across the block to form a contiguous frequency
block over time. Logical grouping 1402 can further include an electrical component for
demultiplexing the received pilots according to a predetermined function of the uplink
pilot channel information 1408. Additionally, logical grouping can include an electrical
component (not shown) for frequency division multiplexing respective pilots per active

stream in an orthogonal manner per block. Additionally, apparatus 1400 can include a



and upconverts) the analog signals to provide a

nodul at ed signal suitable for transm ssion over the
worMD0eITannel . N T nodul ated signal s from tranBei/USB0E080560

1322a through 1322t are then transmtted from NT

antennas 1324a through 1324t, respectively. [00107] At

recei ver system 1350, the traﬁ%n1tted nodul at ed

signals are received by NR antennas 1352a through

1352r he received _.signal from each antenna

p]gmﬁ%i%ﬁ) thattrstaglng%%E?lF r P’ée@gfl% un(:%?l%sso_f%%i;wug electrical
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RsESEH Rt By b pincwaut lockS ot ReReBh et vyt
Ec)igt g%%sseﬁ %%ﬁ%%@%d%&d&%&%@ﬂ@? Hrmrr, %a@&s 1500

processor 1314 at transmt system 13
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! 151‘0665%1’%@ Ehﬂl@f)ﬂd)t%‘ﬁaﬁfé‘lj irfofn@enM30 4! eF@IOé‘Xtah@[b cltb@ical
reverse rress]d?e may conprise various types of
forfipment liSH caw dzal enagl et1¢¢érl®<b aompdnEat fasmedeivilke aivbprogessing
%}ghnk eﬂ:o?l ]%laent(rjlﬁfjm%or%’méln %sn escrEbe;%e %{V;gae te%svl\)ﬁf:ttr%ﬁbl 04 SFurthelr

Io%&ﬁﬁ‘gﬁoupﬁ:lg Ll@ 02 bkn ﬁblu@é aft BRBMEh] dondpohsmtfooadabtiosy rnultlplexmg
transmtter stem 1310, r ecel ver Sﬁlyqt em 1350

Hpkenilpds By ltsﬁtlkﬂ weag gia piios beyd Inddradmengyilpetion per block
g%%or % o 91‘%19&33 P%J&@Pﬁﬂ@%ﬁu&??ﬁ%‘ a%rlie%ﬁiébteﬁ E'f?n%u(gtrheg detail

ngtoap etermne nction of
aglri weceineeamswitil REG .r46€t. sla additlonnegragouging h8OL can include an

rocessed by a TX cessor 1338, h.als
PeaErgaommlon(eotshun B Tatuesdh it @Qﬂﬁ%ﬂ%&ﬂ@k pilots per
gét%sﬁegﬁqﬁaﬁWﬁ%%né—l%ﬁ&neﬂﬁq%l@éke F}ul%{eralo %@ﬁﬁﬁ% 1402 can
, condition by transmtters 1354a ro gh 1354r,
swehide rarEeiricabeb niymaokntt for trammsttingttee adapgvepnmultiplexed uplink pilots

Enaicd oF ghier e BO b o HOE G Rip P b GueforipStent for

ggﬁnsggglﬁ%tag?ﬂwel}ﬁﬁﬂﬁipﬂéx@ﬂ 8o YaviBE ShM@Spile? éRanncl bandwidth and
frequency location per short block. Additionally, apparatus 1500 may include a memory
1510 that retains instructions for executing functions associated with electrical
components 1504, 1506, and 1508. While shown as being external to memory 1510, it
is to be understood that one or more of electrical components 1504, 1506, and 1508 may
exist within memory 1510.

[00113] It is to be understood that the embodiments described herein may be

implemented by hardware, software, firmware, middleware, microcode, or any

combination thercof. For a hardware implementation, the processing units within an



denodul ator 1340, and processed by a RX data processor

1342 to extract the reverse |link nessage transmtted
whyoosles78ecei ver system 1350. Processor 1330 tPERUS2007/080560

det erm nes which pre-coding matrix to use for

determ ni ng the beanform ng weights then processes the

extracted nessage. According 1% vari ous aspects of the

i nvention, in response to receiving multiplexed pilots

fronrrecelver S 1350, transmtter system 1310,
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mitefrot&Bers Feth creXeiidh R, und dasi glddsto ABmirE ful&iods dédcribed
| east partially within a base station. It is to be

Bgipeel aeaabinpan thpisat at us 1400 is represented as
hydi ng .
L R R D RlepR BRI otk do(FRted it LiBhmented in
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gﬁa s%ctture§ rﬂrlp(rﬁgr%m s Ig PYs SCERAYA |ay 'o 110 &Hother code
§dindn D6 ARG dRaRtWieeH: b n_gfpa@ﬂ% A/ FRER ARS ISR 2dMBa, laruments,
be multipl exed, a nu of avail abl e Fesource bl ocks,
BaTEAMOICT S OPIMCTEIOTS CCaN ALt glnfcrre@tmmc&ygtp@@t&, |p@1ramem1r§4 data efc. may be
conb atlo t her eof dnd t he % 1 er1 h
BaSSU bi onrwa cﬂe orcté%nsm‘lttei u& gaany sru ? Irnce(;:ll s 1n8;;‘;8 Ige neim?rg rs aring,
ﬁemgefpmmgg@p&m pa&ssing, fatlvbikoaxedksionl ots 1406 as
described in further detail supra in connection wth

015k,  6- For papfivase tmmlemarrae%ﬁlm techniges dasaribpd bistn may be
Hiﬁér%é tS@ @QH@;{%& % &%d&%é“f{}ﬁ%u\éﬁ yalnago Bh @%%pceﬁform the

anne equency oca ion
fanetiors descritied harkhdh.t Tnsoftweee Eodeq ueigdy stcrredﬁnl emofy e and
nultiglexed Igé% for each active streamc

n be
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1402 can further 'include an electrical conponen
pieaeNsoi thiaghrvgrioisemeasei ved pil ots accordi ng to a

pr Qﬁiig m neg%r ction of th li.n ilot c
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sﬂBjeU@ﬁat@éﬂ ¢ ig CIfIch6ak, HoP PRANENto &d@&ﬁb&é‘i@i’yﬁonﬁ@iﬁiable combination
frequency di vi si on nult|pIeX|ng respective pilots per
ateqnyponents or methodologies for purposes of describing such subject matter, but one
of ordinary skill in the art may recognize that many further combinations and

permutations are possible. Accordingly, the subject matter is intended to embrace all
such alterations, modifications, and variations that fall within the spirit and scope of the

appended claims. Furthermore, to the extent that the term “includes” is used in either
the detailed description or the claims, such term is intended to be inclusive in a manner

similar to the term “comprising” as “comprising” is interpreted when employed as a

transitional word in a claim.



streamin an orthogonal manner per bl ock.
Addi tional Iy, apparatus 1400 can include anenory 1410

W@ b@B/0s88RI NS i nstructions for executing functPONES2007/080560

associated with electrical conponents 1404, 1406, and
1408. Wil e shown as being external to nmenory 1410, it
is to be understood that one df nore of electrica
conmponents 1404, 1406, and 1408 may exist within
menory 1410. [00112] Wth Eﬁiggggce to FIG 15,
illustrated is an apparatu t hat enabl es adaptive
uplink pilot nultiplexing according to various
non-limting enbodi ments of the invention. Apparatus
1500 Méhyet seddiledat | east partially within a wireless
termnal, for instance. It is to be appreciated that
apparatus 1500 is represented as including functiona
bl ocka, myho € forpalpt Baltiplieid dnakirfibademnbatation By a&aNhe
functions inplenented by a processor, software, or
eeHodsarpspingher eof (e.g., firmware). Apparatus 1500
i nclu 0
conpoggﬁP@n#%q?ﬁ @é%gﬁﬁgggﬁﬁéﬁc%lon%ﬁ%ﬂh&?%étance
| ogi cahn@tmm@th\@uﬂlﬁﬂkannsayhannell iufbematioretoasicrdr e@re wireless
conpo ent. for receiving and processing uplink pilot
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g@h&ﬁﬁnmkagh§n&y cyclically varying the pil ot

andw dth and frequency | ocation per bl ock dependi ng
on the uplink pilot channel information 1506 as
escr ecti.on

h :
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can
hmﬁidaﬁ@etamaingatﬂumk oﬂ@r[mﬁﬁﬁdﬁ% aemst stﬁehmwﬂa bé Miultiplexed.
frequency division nmultiplexing uplink pilots per
active streamin an orthogonal manner per bl ock.
urth iical u :
et e e Rl 1 e et A A Rl S pformpton
nmlddmhc&xmdnmglaj mikner bHiwildble 8esobme bdockrpl e
el ectrical component 1508 can include an electrica
conmponent for transmtting adaptively nultiplexed
@' TR Rehay bf‘&al\‘@ﬁ Yhé HetEfnnﬁ{ngctgﬁ HoPanew %ﬁrrﬁﬁ%n includes
frequency | ocation per short Addi tionally,
dgpamiaings stB00g frayudnnyg posdieorm rrem)r y 1510 that retains
instructions for executing functions associated with
el ectrical conmponents 1504, 1506, and 1508. Wil e
ShownTAS mR@iod Bf @kl PN¥hedeth t'l’iBlﬁQEp\{enl: 18katibh of Shetnfulfflexed uplink
under stood that one or nore of electrical conponents
nig4 forpadeactivadtraBo 8 eyalicalyi shiftagi acrisp thegnekyoves tigie to form a

contiguous frequency block in each block.

6. A method for pilot multiplexing in a wireless communication system, the
method comprising:

receiving uplink pilot channel information from a base station;



[00113] It is to be understood that the enbodi nents

descri bed herein may be inpl enented by hardware,
waodosnes7el firmvare, m ddl eware, m crocode, orPERYS2007/080560

conbi nation thereof. For a hardware inplenentation,

the processing units within apuser equi pnent or a

net wor k devi ce nay be inplenéﬁied W thin one or nore

application specific integrated circuits (ASICS)

digital | si I DSP
or ocegutit ey Bl TRERL gk ot GGl b ey
(ki) perﬁoI&I(QI)V@f ﬁ’tﬁé We%sﬂﬁhﬁuﬁ[ 50’%}25?(111(5 RB@rbdetermined

processors, controllers, mcro-controllers,
fnnch@tpoﬁbe9Bbm1spllqit0h@rmeé1né@ma@nncandn| ts desi gned to
performth cti.ons scrlbed herein, or a
conbiﬁg?wgﬁngﬁﬂ Q%FmII% 14] Wen the systens and/ or
net hods descri bed herein are inplenmented in software,
firmvare, mddl emware or m crocode, program code or

Zode Eb@m@ﬂpg of chagy Ontly reeigng pplénk pilog channel information includes

F&%&Qg@% i I&I EndEALLIY actiVe Br@hs3o BE AfSe TP oM nt.
segnent nmay represent a procedure, uncti on,

a subprogran1 a progran1 a routine, a subroutlne a

I I
ggﬁg. R matho SfOVfIBI?gvpa af%f??éwggj ap it Ieb%}%éémf%maﬂon includes
férc&grg‘aﬁh%e%?%a?tabl%r%%ﬁ%&ﬁ&dﬁm may be coupled to
anot h code segnment or a hardware circuit by passing
and/ or receiving information, data argunents,
contents

D GumEhR o585 BB o 1 Ge g el P b DL Bgymation includes

FeRENRpdLHartiAg filth@mRYIpbiiBeh.USI Ng any suitabl e neans
i ncludi ng nenory sharing, nmessage passing, token

passi ng, network transm ssion, etc. [00115] For a
;@ I temﬁ'flererglle{@g oqeﬁgtr%%l 81? ’tI&lIIlgIl’Iel%t I?%CT@‘%IIU%IIEI? {)1%3‘[% cl:nrcIlu(Fes transmitting
heapaal pasts hhviAg v hits; pikd dhadeDipndividh ap® ﬁ%@kﬁﬁby hation per
functions described herein. The software codes nay be

ed in nmenory units and executed by processors. A
menory unit may be inplemented within the processor or
external to the processor, in which case it can be
tbnmmuhe akcthodlof caim gl etletem thh éreqnmgi@cxanom bf tha glhultiplexed uplink
vari qus ans. [00116 been ri bed above
Py gﬁ@%%%éﬁ‘ﬁ RASETE ‘IYHBWS b &‘éiea&r%sag} cdlgclcfier Bpe t form a
Eéhti ﬁt)uscﬁ’éﬂééﬁc M8tk RASSh Blogkt 0 describe every
concel vab 3hb|nat|on of conponents or nethodol ogi es
for pur poses of descrlblng such subject matter, but

ny TOFPRUPT G B, Moo R Tt o bR EREAS edltBly divison
ﬁﬂ&ﬁil@Ie@ in &€ 6ARSHoNEI Manreh 9e19cub¢kect matter is intended
to enbrace all
13. A communications apparatus, comprising:

a memory that retains instructions for determining and transmitting uplink pilot
channel information, receiving adaptively multiplexed pilots, and demultiplexing the
received pilots according to a predetermined function of the uplink pilot channel
information; and

a processor that is configured to execute the instructions within the memory.



such alterations, nodifications, and variations that

fall within the spirit and scope of the appended
w@b@Bsnoes78Furt hernore, to the extent that the tBCTUS2007/080560

"includes"” is used in either the detailed description

or the clainms, such termis intended to be inclusive

in a manner simlar to the té¥h1"conprising" as

"“conprising"” is interpreted when enployed as a

ansjfional word in a c]aimCLAl VWhat js c|ainmed .
2 Th BB st STk REF BT I B Sl e g gilor
SOPaNAIRIRES R ing kAR pllotehAR D Beh SAT ndi fRGuency location per
det er mi ni ng upl’i nk pIFOt channel information in a base
blogk pwer;timg.ansmitting the uplink pilot channe
information to one or nore wireless termnals to
facilitate nmultiplexing uplink pilots by varying pil ot
channghe bansivhidhtbrangpiraRd e biaim | 9cakdroiA theisPh@idks for
over time according to a predeterm ned function of the
derinyringjupgnk pefrhanngl frferpgion dhrthe sempaiseingirygioan for

1 pl exi [ [ [ - '
bl B oF bR Pt By FRC R el o SO K Ahumber
af aviallebld e¢seurte bidels, wpl ankarthind Btquehanpaditionnf or mat i on
i ncl udes determ ning a nunber of one or nore active
streans to be nultiplexed. 3. The nethod of claiml,

e d@h@&&ﬁl&hﬂaam{siaggareiuk oF cl%ﬁﬁrl‘ﬁl,e&zhei[ré‘imﬁérﬁéi&ﬁcy location of
I ncl udes determ ni ng nunber of avail abl e resource
thleaospleded fils foeehddactfve streanmskychidwdly dbifed mcrismthe block over

uplin ilot channel infarnmation includes determ ning
s ot R BB Eu B iPah, 8. The et hod of |l ai
2, wherein the frequency |ocation of the nultiplexed
uglink pilots for each active streamis cyclically
$hi f t Acoaunwreatione appiapiks, go@prisinge to form a
conti UL ! F ARGy inks)tlncl)c 1k0nis ?or%acerilvirkl)l 51)1(1:(1< 'roGés 1A rﬁeilglg dilot
for pi oPlﬁ%I%lp exing in a W e1es 88 EonThr aei en - P
shusihelnhfdrineti o hbgdiveBmtltiplcRthg piRechwvéyrtcalpl vamin@ithciilot
channel information froma base station;nultiplexin
bandvadthsing drequengy Jegatipm gerdilpdt baspdiam e uphinkivilek dhag

I Yool ' r Y [ i rel ess
e e L Bl o1 T e
upl i nk ppickobr thhairehfigurtd tonadetwtn theainstructions within the memory.

18. The communications apparatus of claim 17, wherein the instructions for
receiving and processing uplink pilot channel information further comprise instructions
for receiving and processing at least one of a number of one or more active streams to
be multiplexed, a number of available resource blocks, and a pilot channel starting

frequency position.

19. The communications apparatus of claim 17, wherein the instructions for
transmitting further comprise instructions for transmitting adaptively multiplexed pilots

having varying pilot channel bandwidth and frequency location per block.



transmtting the uplink pilots. 7. The nethod of claim
6, the receiving uplink pilot channel information
WO p@BeE81 recei vi ng a nunber of one or nore ackPCWES2007/080560
streans to be nultiplexed. 8. The nethod of claim6,
the receiving uplink pilot channel information
i ncl udes receiving a nunber ofY avai | abl e resource
bl ocks. 9. The nethod of claim6, the receiving uplink

Byt TR lnisRag s Fabira s o Clatit T S b s fuctions far

BdaptiD8ly i @nsiek ik 'pﬂgtstn'i@udb@ lih s cROdsabB frbqieh b 8Fision rnultlplexmg
transmitting the uplink pilots having varying pi

silankrislot perradiiiv el streaamh dnrasthegpea) masoeit peo®laskr bl oc k

11. The nmethod of claim7, wherein the frequency

| ocation of the nultiplexed uplink pilots for each

act i va ®@himaiitdtons Y§daraad, lymphiihged across the bl ock

over time to forma contiguous frequency block in each

bl ockmeans forpeciminRgdrdnk gilef ghamel iermgsionrir appscoitatinss

act | v B ERAMASEEHERT il ShaoHkkhligged 0 an

ort hogon manner conmuni cat’i ons

appar aichss, fo€ epivigy atalgptvaelyrﬁmmgleﬁeh@ﬁlofseﬁmi ns
instructions for determnmning and. transmtting uplink

pi | ot MERARE ACpfiglexingt Wecw%pwtﬁ@“&a@ag f/gpypdetermined
mﬂcﬁbrpb%sqp%gi&@haﬁfa fesldiibR! exing the received

pilots acco predeterm ned function of the
uplink pilot channel information; and a processor that

configured to.execute th i nstructions, Wt t he.
o e Bl Rt R et B gl oy Sharen b o g pilos
%’Iﬁﬁﬁéeri)lltoﬁenamgt\}awlﬁ% BlotRihbAtc$ beAHLSAdRTdqRseyNavtRE per
varglng pi | ot channel bandwi dth and frequency [ocation

byodkngver tine. 15. The conmuni cations apparat us
of claim 13, wherein the instructions for determning
uplink pilot channel information further conprise

Phst r Ua¢ teanmuhiohticiBtapparuik bgclatie 20f wikerbidnhetpl ok mIve clginnel
nmore active streans to be nultipl exed, a nunber of
menmaien ancledss gt leastione eka numher of ose gF fopyadtive qw%wo be

fitd thénbel ¢ a G AWV GA L p

58 g oF AR R NISRPRA PN BFof Flfloney
podittdrs f or each active streamis cycllcally shifted
across the bl ock over

24. The communications apparatus of claim 21, further comprising means for

frequency division multiplexing respective pilots per active stream in an orthogonal

manner per block.

25. The communications apparatus of claim 22, wherein the frequency location of
the multiplexed pilots for each active stream is cyclically shifted across the block to

form a contiguous frequency block over time.

26. A communications apparatus, comprising:

means for receiving and processing uplink pilot channel information;



time to forma contiguous frequency block. 17. A
communi cati ons apparatus, conprising: a nenory that

WO 2G0af0#58i nst ructi ons for receiving and procesBCTYS2007/080560
upl i nk pilot channel information, adaptively
mul tiplexing pilots by cyclically varying the pil ot
bandwi dt h and frequency | ocattlon per bl ock based on
the uplink pilot channel information, and transmtting

the adaptiyvely nultiplexed pilpts;. and a progessor :
that - TeRsoRt peeruely B ER Bt o an FHEbHGE by BedfieGfE Siibing the piot
bARIWIBIRNY fredBency M6catiOAPGISAL dPBRdiAPBAIRL WptinRipil6l Safthel
17, wherein the instructions for receiving and
peoowsionandupl i nk pil ot channel information further

" eat e B Rl RaghEE e R R PP ans 1 o

be mul ti pl exed, a nunber of avail abl e resource bl ocks,

and a pil ot channel starting freqguency position. 19.

Fhe cd BHpicians appapws 95 claim é avkerain theymesns far fageiving and
. ti Lo . -
FRSHHEORE QLA A AHELIRO RO s e
procedsmghaasighneart inngnbpi bdneah amure hetbantheats o Bandlultiplexed, a

frequency | ocation per block.20. The communications .
VTR, agalggfecqe%.qwqbﬂpdwh@}ﬂtq W?Qtﬁéalm? ptrtipgifERqacncy position.
adaptively multiplexing pilots includes instructions
for frequency division multiplexing uplink pilot per
2kt i véhstoremmmicatiens apparatmg ofi alaim@aneherpierthdineak for 2ansmitting
co ni cat .ons apparat ys,. conprisi ng: . ns.for . .
BELE A s R P T AP e PR s Yrrging Rl
StaahtIAndWRARSnd REqUch&NRRhidH fE shdtebMRki Nk pi | ot
channel information; neans for receiving adaptively
mul ti pl exed pilots; and neans for denultipl exing the

ceiyed pilots according to a. det ermi.ned function..
87 t e RN IR SRk e T R ARt hSRT 5o dor adibtively
SRR SEHilan & caRPpamhnssfod fre@loa rdRisionvm@rtipldxiddeplink pilots per
mul ti pl exed pilots conprise pilots having varying
pitivetstreHn ih e okaseRplannngheefileduency | ocati on per
bl ock over tinme. 23. The conmmuni cati ons apparat us of
claim 21, wherein the uplink pilot channel information
Bocl udanadhind-readtblomediomm leavingdoerpusdr-caneutdsle imstractions stored
g@tiv streans to be nultiplexed, a nunber of

4°Pabi-e resource blocks, and a pilot starting

freg U8&Ednining and transmitting uplink pilot channel information, receiving
adaptively multiplexed pilots, and demultiplexing the received pilots according to a

predetermined function of the uplink pilot channel information.

31. The machine-readable medium of claim 30 further comprising computer-
executable instructions stored thereon for demultiplexing the received pilots having

varying pilot channel bandwidth and frequency location per block over time.

32. The machine-readable medium of claim 30 further comprising computer-
executable instructions stored thereon for determining one of a number of one or more
active streams to be multiplexed, a number of available resource blocks, and a starting

frequency position.



position. 24. The communi cations apparatus of claim

21, further conprising neans for frequency division
woriosiogd7exi ng respective pilots per active strRERUSW0HIB0560

ort hogonal manner per block. 25. The conmuni cati ons

apparatus of claim 22, wherein the frequency | ocation

of the nultiplexed pilots for*%each active streamis

cyclically shifted across the block to forma

conti guous frequency bl ock over tine. 26. A

comuni cati ons apparatus, conprising: neans for

secei Yhdghasiife-PEA8618 Sk Bf E1Rfn Bl K@ thet B&pSling computer-

i nformati on; means for adaptively nultiplexing uplink

pidcotablenystoytpnscrdtied theagop fayderneltipiekiong tharedeiived hiletndaving

BB RS, RGBSl Pl rom.

the adaptively nultiplexed uplink pilots. 27. The
comuni cati ons apparatus of claim 26, wherein the,

b ans AfmgchinecispdabigymadigmprayEesconmytaexeeikalie Instructions stored
Gharnegl,. i nformation further includes neans for

receiving and processing at | east one of a nunber of

one ofectiding adiproessig eplink fit bieanil ibfqphexed adaptiveisber

of avai.l abl e resource bl acks, and a pi.l ot annel i
Slinleiee Pty be Fﬁg}‘{%]ds‘iaﬂl% thepglot e AR sy docation per
BIRPRLAIHDn e FIRKPIRE ch e iR mbGh, TRARaf Mitting the adaéalti;/fely

transmtting incl ée means for transmtting adaptiv
multiplgdedpddtspi | ot s havi ng varying pil ot channel
bandwi dt h and frequency | ocati on per short bl ock. 29.
The communi cati ons apparatus of claim 26, wherein the

88ansThOmaskaRkdauebly niBdidrh BF &%in 94 BirtR} Sothpisdike &Smputer-
means for frequency division nultiplexing uplink

pidcotablepestrugtionsstorsd thegenn far mecigmerrog predessieghatd easpenc of a

bl ock. -30. A machi.ne-readabl e I um havi n :
RRfitios PR o DR RE FhGFRIR o PR Ao afevpitte resource

vietley, ahdi Potedheniidl 3RgiMg! frdquendipddsittonpi | ot channel
i nformati on, receiving adaptively nultiplexed pilots,
and derul tiplexing the received pilots according to a

q ) : : : ‘
B or e Dl g At bE i) R O TRy Ot
& chablehrstrurdomy steicd thecanmplot euexetingadhgivehsmuliipldxod pilots

tored thereon for demyltjplexing the receive | ots
?g&pg@ﬂyﬂlg p?lot channeldban wfdtl?ancf( %re(?uency locat?on per %IO%L.

37. The machine-readable medium of claim 34 further comprising computer-
executable instructions stored thereon for frequency division multiplexing uplink pilot

per active stream orthogonally per block.

38. In a wireless communication system, an apparatus comprising:
a processor configured to:
determine uplink pilot channel information in a base station;
transmit the uplink pilot channel information to one or more wireless
terminals to facilitate multiplexing uplink pilots by varying pilot channel
bandwidth and frequency location per block over time according to a

predetermined function of the uplink pilot channel information; and



varying pilot channel bandw dth and frequency | ocation

per block over tinme. 32. The machi ne-readabl e nedi um
w@booslo#i7en 30 furt her conprising conputer execut BOI/ES2007/080560

instructions stored thereon for determ ning one of a

nunber of one or nore active streans to be

mul ti pl exed, a nunber of avaifabl e resource bl ocks,

and a starting frequency position.33. The machi ne

-readabl e nedium er ,co n

conput or oxbtaBre e AR R iomelilSEe G EREp Bundresrding o the

demul bicabexhined flietisecei ved pilots having regularly

shifted frequency | ocation across the block over tine

for each active stream 34. A nachlne readabl e nedi um

? n? ute{ executab F ] Eg s.gﬁoreg iheaeqt
hegory THY C%‘ﬁ%}“paPBac%% 815 nk eﬂ?lln Uialngice Prots

inrdfddé HebisMayingdapihy/silot chitrel PArRd i apd iRl gerdy location per block

regul arly varying the pil ot bandw dth and frequency

PYEdiin per bl ock based on the uplink pilot channe

information, and transmtting the adaptively

mul ti pl exed pilots. 35. The machi ne -readabl e nmedi um

¢0. cl ahev@dmuinichiieis apparptus ot talgm@ ORpulieeiadeeutlalk fglot channel
structlons st or ed thereon recei ving and

B‘E @Ph‘gc S Ia'b{ﬁ%%t ognal sy ?FLH‘F&?@F OpPogHFLIYE Strgngs to be

Aldp Y&eﬁt § £EABerlo? apeﬁlam&' &b&ﬁ@é(ﬁgcksa M%mgffrequency position.

ava| able resource blocks, and a pilot chanfiel

starting frequency position. 36. The machi ne -readabl e
diumof claim34 further conprising . .

ABrput B eXEEHP SRS AREITG f SHUN 3oy Beicipes Begheppy location of

iﬂe%ﬂﬁﬂbﬂé&éd"}ﬂlcﬁéﬂﬁ)@'éhé{?idlvgk'ﬂrédnpls%@ﬁ’ca@y'sﬁfﬂ%d h@s@he block over

varyi ng pilot channel bandw dth and frequency | ocation

per thfatia cariguquseemendyndock. eadabl e nmedi um of cl ai m

34 further conprising conmputerexecutable instructions

stored thereon for frequency division nultiplexing

4pl i nkn pivifdlesp @6matiniddors by e adrappageB @bmyripigs: bl ock.

38. In a wreless communi cati on system an apparatus

conpr?ﬁﬂﬁ@ﬁoéaﬁﬁﬁ@ Br configured to: determ ne

upl i nk pil

Fanam ¢ ¢ ReenrT e Rl Bl Lol fof SRAEPLALABR: o

or nore w maltqﬁa; wreiniipilatsshyt varyiag pllot ca]hﬁnertﬂ:bhmdmki&»(aﬂdg

uplin |Iot var ing pilot channe| bandw dth apd
freq uE’ﬁ&Fn% O%I BEKIHG & 2 W?L?S%\F?E‘@Pn&f fgorpngo 2
predetermined functlon of the uplink pilot channel information; and

transmit the uplink pilots.

43. The communications apparatus of claim 42, wherein the processor is further
configured to receive and process at least one of a number of one or more active streams
to be multiplexed, a number of available resource blocks, and a pilot channel starting

frequency position.

44. The communications apparatus of claim 42, wherein the processor is further
configured to transmit adaptively multiplexed pilots having varying pilot channel

bandwidth and frequency location per block.



predeterm ned function of the uplink pilot channe
i nformati on; andreceive and denmultiplex the
woredosiopd7exed uplink pilots according to the  PCT/US2007/080560
predeterm ned function. 39. The comruni cati ons
apparatus of claim 38, wherein the nmultiplexed pilots
i nclude pilots having varyin il ot channel bandw dth
and frequency | ocation per block over tine. 40. The

i ti . t f .cf 38, wh
T S P Rl AR D PR S 1L Elo i e dhSprop g s Sypther

ednfRyufidng @feq&énc?rlﬁvﬂbn RN EpIBE hp Wik SiotERTRci®R #am in an
mul t'1 pl exed, a nunber of avail abl e resource bl ocks,
autlepgenslmanricnperfhledkuency position. 4 1. The
comuni cati ons apparatus of claim 39, wherein the
frequency location of the nultiplexed pilots for each
active streamis cyclically shifted across the bl ock
over time to forma contiguous frequency block. 42. In
a W reless communi cati on system an apparatus
conprising: a processor configured to: receive uplink
pil ot channel information froma base station;

mul tiplex uplink pilots by varying pilot channe
bandw dt h and frequency | ocation per block over tine
in awreless termnal according to a predeterm ned
function of the uplink pilot channel information; and
transmt the uplink pilots. 43. The conmuni cati ons
apparatus of claim42, wherein the processor is
further configured to receive and process at | east one
of a nunmber of one or nore active streans to be

mul ti pl exed, a nunmber of avail abl e resource bl ocks,
and a pilot channel starting frequency position. 44.
The commruni cati ons apparatus of claim42, wherein the
processor is further configured to transnit adaptively
mul ti pl exed pilots having varying pilot channe
bandw dt h and frequency | ocation per bl ock.45. The
Communi cati ons apparatus of claim42, wherein the
processor is further configured to frequency division
mul ti plex uplink pilots per active streamin an

ort hogonal manner per bl ock.



