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APPLI CATI ONS [0001] This application clains the

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

U. S. Provisional Patent Applic¢ation Serial No.

60/ 863,885 entitled "JONT USE OF MILTI - CARRI ER AND

SI NGLE- CARRI ER MULTI PLEXI NG SCHEMES FOR W RELESS

COVMUNI CATI ON', filed on Novenber 1, 2006, the
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various types of communications such as voice, data,

vi deo, etc. These systens nmay be nultiple-access

systens capabl e of supporting conmunication with

mul ti ple access termnals by sharing avail able system
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Exanpl es of such multipl e-access systens include code
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frequency division multiple access (OFDVR) systems or
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fVRIcnas thebipdkat@nibre@chy Ambibh@. Station (or access

term nal ) comuni cat es with base station(s) using a
reverse link. [0003 stens based on CDVA are
general ly nore Bétﬂ% QUNDn@ErTEEﬂNtVdEN?m syst ens

as they can flexibly increase spreadi ng codes on
els i rdance. w :
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effectively deliver many | ow data rate signals lik
PRagplosadashpatltipde-007¢s08338ms iclude code division rnultlple access

(CDMA) systems, time division multiple access (TDMA) systems, frequency division

multiple access (FDMA) systems, orthogonal frequency division multiple access
(OFDMA) systems or SC-FDM. Typically, a wireless communication system
comprises several base stations, wherein each base station communicates with a mobile
station using a forward link and each mobile station (or access terminal) communicates

with base station(s) using a reverse link.

[0003] Systems based on CDMA are generally more robust in comparison to
FDMA systems as they can flexibly increase spreading codes on channels in accordance
with bandwidth requirements. Therefore, unlike FDMA systems, they allow channels to
be reused among adjacent cells/sectors. However, such channel reuse can decrease
capacity of systems besides causing interference at cell/sector boundaries that share the

channels. Hence, while CDMA may effectively deliver many low data rate signals like



nobi l e voice, this technol ogy may not be well suited
for sinmultaneous delivery of high speed signals such
w@0BsAdband data. [0004] OFDM based systens BCEHUROB083382

effective in dealing with nmultipath and frequency

sel ective fading in a broadband channel. A frequency

sel ective channel occurs whe@ a transmtted signa
experiences a nultipath environnent where a given
received synbol can be potentially corrupted by a
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SC-FDM (LFDM invol ves assigning a contiguous set of
HoSEar ri es6-klMasysises asguimgartotOKIVHE) sys@ntsraatisayiuse different

nbol s. . Anot her thod is known as interl eav
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fg}'&ﬁ%étl}%grlﬁg%% g%ﬁqﬁgfglﬁllﬁn @égggggmam fand 388§ to l\é\@ver PAPR. Within
SC-FDM systems, sub-carriers can be distributed among terminals in accordance with
different methods. One method known as localized SC-FDM (LFDM) involves
assigning a contiguous set of sub-carriers to a user equipment (UE) to transmit its
symbols. Another method is known as interleaved FDM (IFDM) where occupied sub-
carriers are equidistant from each other. However, due to various factors SC-FDM can
restrict operations which necessitates communication systems/methods that can provide

flexibility while optimizing power usage.



3 SUMMARY OF THE | NVENTI ON [ 0006] The fol | owi ng

presents a sinplified sunmary of the clainmed subject
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sonme aspects of the clainmed subject matter. This

summary i s not an extensive overview of the clained

subject matter. It is intenddd to neither identify

key or critical elenments of the clainmed subject natter

nor delineate the scope of the clainmed subject

matter. Its sole %gmgq{y OF PHE BSEPNTIORE concepts

of the clained subject matter 1n a sinplified form as

a prelude to the nore detailed description that is
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schedul er operations. As stated supra, while LFDMis
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[0009] Another aspect is associated with scheduler operations. As stated supra,
while LFDM is associated with low PAPR it restricts scheduler operations since it
allows data transmission only on contiguous resources blocks. A scheduler in
accordance with various aspects disclosed herein, semi-statically selects the single-
carrier multiplexing scheme or the multi-carrier multiplexing scheme for the UE. Based
on, for example, SNR associate the UE, the scheduler can either facilitate transmission

in OFDM mode for a UE with high SNR or LFDM mode for a UE with low SNR. In

accordance with further aspects, a UE can transmit multiple data streams. In this case,



accordance with further aspects, a UE can transmt
multiple data streans. In this case, WO 2008/ 057969
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the mul tipl exi ng schene other aspects are associ ated
WetsBh difuldr 'fa?dllﬂgtegtr%-ﬁnk'ﬁbﬂ of Mut@stPREHEHPRioch SR&R SYARGHR carrier
assoclated wt DM schene are transfogned using
DREFiplexNitg saheink élkﬁrﬁlﬂDMtaod datai strearnhe itDATW SINR ini sngle-carrier
ssed en. pr i ng synbols in accordance with
ébfﬂ om &I%Fi@ﬁ@ ly, the UE is scheduled to
transn1t on continuous subcarriers for a

fi0ng| e- car They, bad¥dlohiaRleR¥tOYo 51 B eiBtipbtih € saRitel dﬁh@lagpects are
or non-continuous subcarriers can be aSS|gned to

@EOfFlé‘ied i HizEw oAET gnitiin ¢ megulstery (Thie sgapels @ﬁsocwted WIth
t .,
PEDA QU8 6 gb B A B SESANTEI D e DT it

Bghpestd tvhen piosgdsenptgidbioBrin muddrdgaice mthg)EloNEmheme Aldditionally,
nultl-carr r mul tiplexing schene for the UE i
Sie s isaRheudRdta g OncABIRIONE Y ReATCEROFR Sifigle- carricr

ﬁfuggﬁ% cth@mE héhildEondffous %f TRty Sfi'snsu%géffﬁ'éfssc%n Be assigned to

aV|ng a first value to In |ca e
ﬁell&foromnsrhlsalonmﬂlltzmganmiltecanmt upipdexiimgyschetene or a
second val ue to indicate that a single carrier
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using single-carrier multiplexing scheme as SIMO and streams modulated with multi-

carrier multiplexing scheme as MIMO.

[0013] Another aspect relates to a method of wireless communication that
includes: sending an indication to a user equipment (UE) to operate in accordance with
a multi-carrier multiplexing scheme or a single-carrier multiplexing scheme. A
processor at an associated Node B performs processing for a transmission received from
the UE in accordance with the indicated multiplexing scheme. A further aspect relates
to receiving attributes, for example, SNR values associated with transmissions from the
UE. Accordingly, different aspects of the methodology relate to selecting the single-

carrier multiplexing scheme for transmissions with a low signal-to-noise ratio (SNR)



to receiving attributes, for exanple, SNR val ues
associated with transm ssions fromthe UE
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fd(ﬁkfmd S u‘ﬂlee {‘;ollow1t ! gescfrlgtlolnn& %n[gee 9111‘}69(6 H&lwlillgges s%% tlortﬁlilr(l: Iaetail
certain illustrative aspects of the claimed subject matter. These aspects are indicative,
however, of but a few of the various ways in which the principles of the claimed subject
matter may be employed and the claimed subject matter is intended to include all such
aspects and their equivalents. Other advantages and distinguishing features of the
claimed subject matter will become apparent from the following detailed description of

the claimed subject matter when considered in conjunction with the drawings.



aspects and their equival ents. O her advantages and

di stinguishing features of the clainmed subject matter
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description of the claimed subject matter when

considered in conjunction with the draw ngs. WO

2008/ 057969 PCT/ US2007/ 0833826 6 BRI EF DESCRI PTI ON OF

THE DRAW NGS [0017] FIG 1 shows a wreless

conmuni cation systemw th nultiple Node Bs and

mul tiple usergRypf RIFHEN Off ¢H8DRAWINGS shows a

subcarrier structure that 1s used for O-FDM accordi ng

to an enbodinent. [0019] FIG 2B shows a subcarrier
HMdLt ure FHatl hawsbevicded chbmmuBGaEDNSYstem adibondéniseéNode Bs
with an aspect. [0020] Kl G 3 shows a bl ock di agram of
RGN e%ﬁ“d“?‘\{kﬁl‘qté%m&nd in system [0021] FIG 4A
shows a bl ock di agram of an OFDM nodul ator which is

[0a8] i N aEE®rXlaseeysW ubcaticagietire tHabB2¥¢d for OGFIB according to
shows a bl ock di agram of an LFDM nodul at or whi ch can

g1 egbodimeplsed i n accordance with anot her aspect.

[0023] FIG 5A shows a bl ock di agram of an OFDM

ART9AU! at oG JEGeds FfkarnE duhliisd fidf &5 1’ RLOFE SC-FDM in
di agram of an LFDM denodul ator. [0025] FIG 6

adcoubhcatveb anns@spect which is referred to as

sem -static separation, wherein a UE is configured

Le0f bancer B hahPr R 2 HE o o (o B8l By wa

tdagdol ogy of communi cation associated with a

ifferent aspect, which is referred to as dynam c
schedul i ng.*(E0027] FIG 8 is a flowchart that details )
t92iht i on BIC aAsetionen keck dagrepnfaafiPMmpdulaar which is used in

I 9 illustrates a diagramof a

gﬁgﬁ(ﬁ%fe{v?géﬁ]gsﬁﬁﬁ sing B = 16 subcarrier sets in the
first tier that can be used to assign resource bl ocks
[0022F cor daRKe 4Baholwsarblaskpdiegram of an LFDM modulator which can also

be used in accordance with another aspect.

[0023] FIG. 5A shows a block diagram of an OFDM demodulator.
[0024] FIG. 5B illustrates a block diagram of an LFDM demodulator.
[0025] FIG. 6 illustrates an aspect which is referred to as semi-static separation,

wherein a UE is configured for operation in the OFDM mode or LFDM mode in

accordance with different aspects.

[0026] FIG. 7 is a methodology of communication associated with a different

aspect, which is referred to as dynamic scheduling.

[0027] FIG. 8 is a flow chart that details operation of a scheduler in accordance

with an aspect.

[0028] FIG. 9 illustrates a diagram of a channel tree comprising B = 16
subcarrier sets in the first tier that can be used to assign resource blocks in accordance

with an aspect.
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a flowchart illustrating a nethodol ogy of scheduling
wWa@Ig008g579subbands to i nprove performance. [ 0030PCHUR002083382

is a nethodol ogy of conmunication that utilizes

various aspects described herein to inplenent

OFDM LFDM schenes within a MJM MO systemin order to

t ake advantage of features within both the systens.

[0031] FIG 12 illustrates another aspect that rel ates
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comuni cation system when transmtting in LFDM node
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0034] Various enbodi nents are now descri bed wt

@tierence to the drawings, wherein |like reference
nunerals are used to refer to like elenents

t hroughout. In tﬂEs ﬁ%%ﬂ&%‘ﬁfﬂ&%ﬁ\ﬁ%ﬁor

pur poses of explanation, nunerous specific details are
set forth in order to provide a thorough
[0938] st andThgclaimainabect motte ias@edescribbd withyrefeecnce to the

vi dent however, that such enbodi nent (s) y be
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In bl ock ifagramformin order to facilitate
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conbi nati on of hardware and software, software, or
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be,

[0034] Various embodiments are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be
evident however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing one or more embodiments. As used in this

2% ¢ 2% ¢

application, the terms “component,” “module,” “system,” and the like are intended to
refer to a computer-related entity, either hardware, firmware, a combination of hardware
and software, software, or software in execution. For example, a component may be,

but is not limited to being, a process running on a processor, a processor, an integrated



but is not limted to being, a process running on a
processor, a processor, an integrated WO 2008/ 057969
WOEAMBISR007/ 083382 8 circuit, an object, an PCT/US2007/083382
execut able, a thread of execution, a program and/or a
conmputer. By way of illustration, both an application
running on a conputing device8and the conputing
devi ce can be a conponent. One or nobre conponents can
reside within a process and/or thread of execution
@1?&!1113 aft Qﬂj@&n%{‘&e@ﬁﬁébf%ea bR df%?gcﬁ%noépﬁrogpdﬁ'ﬁ" UWh&or a cornputer
and/ or di'stributed between two or nore conputers.
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etc. and/or nay not include all of the devices,
n connecti on

nents s etc cussed
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herein to mean serV|ng as an exanple i nst ance, or
and apprecaatedihat thmyrlemsitﬁm mayoncldé@a@ntlmé devidrsdeomponents,
essar

DSHEET <25 an@SEPRY Bb¥inghule o G uREETRE ettty dutes erc.

@ﬁmgéd'ﬁ‘ﬁ%ﬁn&hon el 8O Sgurthe Adkbindtios o€ FHeRapprsadheShay also
hereln to mean that a recipient device (access poi nt

cess termnal) is receiving and processing data
received on a given channel. [0037] Various aspects

@561 ncor p‘i’fl@%rd e 151?&?? is ﬁ%%?elﬁ‘w{nggn ﬁs%ﬁng%gé'lﬁtseﬂaﬁlple

nnection with transitioning comuni cati on resources
Astause dr Heseaton.t Asy trebodimentrof desgredeicritet] desingsriercalrlary” is

to the roce@s of gason about or inferrin sta%e
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I nference can be enployed to identify a specif
point ex tcamss &gtiingl) iHreceanng and processing data recelved on a given

channel.

[0037] Various aspects can incorporate inference schemes and/or techniques in
connection with transitioning communication resources. As used herein, the term
“inference” refers generally to the process of reasoning about or inferring states of the
system, environment, and/or user from a set of observations as captured via events
and/or data. Inference can be employed to identify a specific context or action, or can
generate a probability distribution over states, for example. The inference can be
probabilistic — that is, the computation of a probability distribution over states of interest

based on a consideration of data and events, or decision theoretic, building upon



generate a probability distribution over states, for
exanpl e. The inference can be probabilistic - that
WO 2008056 onput ati on of a probability distri bur¢DOS290B083382

states of interest based on a consideration of data

and events, or decision theoretic, building upon WO

2008/ 057969 PCT/ US2007/ 0833829 9 probabilistic

i nference, and considering display actions of highest

expected utility, in the context of uncertainty in
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user equi prment. A subscriber station nmay be a cellular
trebepktatia), neobeley whessstaticl, eglesnmintarcBegs toomirahiatceas tapminal,

B S Sl oy a4 B0 bRl ictions device
Blaﬁk‘éhé‘(#lﬂ%rﬁgﬂ’[' QesUBRMANRY stihib i hS Be aGeMBELIcPRone, a cordless
capability, or other processiing device connected to a
telapbbes ¢ Syﬁ@ii@rnlnlt[mmgirowle@ﬁ@mhomrai wing csadrat taopdWLL)

features descri.bed herei y ;be . i.nplement ed as
HEGD A PRrB AR R RE S B AR BRpdl TR SR B G% Sfafiss
sdrpeasiCeap iG], 87BhBgprabehial devige bafict®d td & 3l@sigDdem.
The term "article of manufacture" as used hereinis

i ntended to enconpass a conputer program accessible
M any clioseaver variQuRspeds fciepivees desgribed hereyy maghe a.
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are not Imte gnet’l c storage devices
pagchnansig, anflloo ppyinctirmi teamagyues.i The ®tmi"psicle.of mampfacomt” as used

i sks (e.g., conpact disk (CD), digital yersatile disk
g%%)l.s .gn.tsn,deé ﬁoa?r?c%n&)aﬁsoeseo i e‘%nfa%fﬂ%ﬁémﬁeﬁ@m@& computer-
tRdsble dSAED carBiet, D mddBY IHrieXfnple) corMIMrlABBld Media can include
various storage nmedia described herein can represent
buteironotriunigcdde viagmstiastdiage dotiber(e.gadhiddisk, floapnbisk, magnetic
ﬁﬁg%ﬁl);ogﬁlrcgl;@%ﬂg g:,rgfali%é%?tdisggcﬂf‘(ﬁgftaﬁrvré‘rsatﬂe disk (DVD)...), smart
cards, and flash memory devices (e.g., card, stick, key drive...). Additionally, various
storage media described herein can represent one or more devices and/or other machine-
readable media for storing information. The term “machine-readable medium” can

include, without being limited to, wireless channels and various other media capable of

storing, containing, and/or carrying instruction(s) and/or data.

[0040] Reducing PAPR is a considerable factor for uplink transmissions where
usage of the power amplifier needs to be optimized for UE. Therefore, LFDM is chosen

as the transmission waveform for uplinks due to its low PAR advantage over OFDM



i nclude, without being limted to, wreless channels
and various ot her nedia capable of storing,
W@Bas1sng, and/ or carrying instruction(s) aneklDpS2007/083382
data. [0040] Reducing PAPR is a considerable factor
for uplink transm ssions where usage of the power
anplifier needs to be optimzed for UE. Therefore,
LFDM i s chosen as the transm ssion waveform for
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Hlo's¥h S5 SafiaTaipes e eSO uprab v eBe VBt i dode Bs
Blo SnOB0RHA! do¥r @qlfllbrﬁ@tgs aUBY)i 120, thRbde BQEPMREABRL £8xM dtdtion that

the UEs and %/ also be referred to as an enhanced
pardeuBciteNwdd tha8YEs andase abodicireferred to ascfme@map@drhlode B (eNOde

110 es c vera
e kg RRlRarhas Rl e P Ed O 7 A} e B funication
t@fcdgetfor @pNeidelaBe@pphic arkd. STROKEMAYE ' BERA e ReANAE B and/or
on the context in which the termis used. To inprove

Yy soemnecapge idependingued ¢h@ cegigst Bgwhighethe feyn beused. To improve
%% eiﬁ‘(? Eép%glﬁ}ga;ﬁ&%algﬁbw n%ﬁearém lé%E Rglrtﬁ%ﬁed info 19181t163t1é1§rﬁeﬁler arcas,

€8s rlhfﬁel steallasareast r daslc aimader stdasmyelm é@?&) byTaln&estpeCtme base
"sector" %an refer to a BTS and/ gr |ts coverage area
HaBSHYPHY OB 6B Eht Bh& teIm “Wititth cehefetdpr BES gadgr its coverage

T d@pe?ﬁﬁltchn' th€ goﬂ’c@itlm wWhiG tﬁg% 1§ %cdal Hor %esgéteﬁ%éiod‘ell the BTSs

that cell "are typically co-located hin the
fay ralltsh@toxsedf that c€l0 42]ty e lyl@0lonatyd b/ethlh thp&oged for the cell.
t hroughout the system A UE nay be stati onary or

E%gl)li € a%%ﬂ%}lﬁ leig Fsiﬁ%ﬁ{sgé ?hrrgl?gqloup th33 System. A lIﬁE ?xfa?tbleos?atlonary
or mobile and may also be referred to as a mobile station (MS), a mobile equipment
(ME), a terminal, an access terminal (AT), a station (STA), etc. A UE may be a cellular
phone, a personal digital assistant (PDA), a wireless communication device, a handheld
device, a subscriber unit, a wireless modem, a laptop computer, etc. A UE may
communicate with zero, one, or multiple Node Bs on the downlink and/or uplink at any
given moment. The downlink (or forward link) refers to the communication link from
the Node Bs to the UEs, and the uplink (or reverse link) refers to the communication
link from the UEs to the Node Bs. In the following description, the terms “UE” and

“user” are used interchangeably.



(ME), a termnal, an access termnal (AT), a station

(STA), etc. A UE may be a cellular phone, a personal
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devi ce, a handheld device, a subscriber unit, a
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communi cate with zero, one, orl multi ple Node Bs on the
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b}me@n Bardd¥iddh i$ PRERbRE LM KWBlaf uy¥RYicRE WASEH BREHe assigned indices
Iofn 1 ![h(lzroel?gh K. In general, K can be any integer value but is typically a power of two to
simplify computation. K is also referred to as a fast Fourier transform (FFT) size. Only
a subset of the K total subcarriers may be usable for transmission, and the remaining
subcarriers may be guard subcarriers with no transmission. As a specific example, K
may be equal to 512, and 300 subcarriers may be usable for transmission. For
simplicity, the following description assumes that all K total subcarriers are usable for

transmission. In general, any number of subcarriers and any one of the K total

subcarriers may be assigned to a UE and used for OFDM transmission.

[0046] The K total subcarriers may be arranged into Q subbands, where Q may be

any value. Each subband may include P continuous/consecutive subcarriers, where



of 1 through K. 1In general, K can be any integer val ue
but is typically a power of two to sinplify
w@ovpsase on. Kis also referred to as a fast MOUDBMN7/083382

transform (FFT) size. Only a subset of the Ktota

subcarriers may be usable for transm ssion, and the
remai ni ng subcarriers may belQguard subcarriers with

no transm ssion. As a specific exanple, K may be

equal to 512, and 300 subcarriers may be usable for
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Righ W&@H@b@b‘n wavEform 1§1§nc{e§ﬁé‘tﬁe ehd 1§ egale PA&ance. For
to the average power for the

example, large peaks in the OFDM waveforrn rnay cause a power amplifier to operate in
a highly non-linear region or possibly clip, which may then cause intermodulation
distortion and other artifacts that can degrade signal quality. To avoid non-linearity, the
power amplifier to be operated with backoff at an average power level that is lower than
the peak power level. By operating the power amplifier with backoff from peak power,
where the backoff may range from 4 to 7 dB, the power amplifier can handle large

peaks in the waveform without generating excessive distortion.

[0049] As stated supra, SC-FDM (e.g., LFDM or IFDM) has certain desirable

characteristics such as robustness against multipath effects, similar to OFDM.
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ﬁaﬁthermbreoeiﬁmMmyldeS&EBM trag beARIRt g dwahfoadgiee wflinBCoRbivldownlink,
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ng&hls§BFOme§ﬁdEﬁD§/§oﬂ\ﬁle upBifik! he PAPR advantage of
C- FDM for | ow SNR scenari os.

[0052] FIG. 3 shows a block diagram of one Node B 110 and two UEs 120x and
120y in system 100. Node B 110 is equipped with multiple (T >1) antennas 326a
through 326t. UE 120x is equipped with a single (R =1) antenna 352x. UE 120y is
equipped with multiple (R >1) antennas 352a through 352r. Each antenna may be a

physical antenna or an antenna array.

[0053] At Node B 110, a transmit (TX) data processor 320 receives traffic data for
the UEs being served from a data source 312 and signaling from a controller/processor
340. TX Processor 320 processes (e.g., formats, encodes, interleaves, and symbol
maps) the traffic data and signaling and generates data symbols. TX Processor 320 also

generates and multiplexes pilot symbols with the data symbols. As used herein, a data



[0051] In general, any SC-FDM schene nmay be used

jointly with OFDM  Furthernore, OFDM and SC- FDM nay
wheoopos1969 y used for the uplink, or the downl i PKI/US2907/083382

both the uplink and downlink. For clarity, nmuch of the

foll owi ng description is for joint use of OFDM and

LFDM on the uplink. [0052] FI& 3 shows a bl ock

di agram of one Node B 110 and two UEs 120x and 120y

in system 100. Node B 110 is equipped with nultiple
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atheomennsiry. filqhrsodass et is kpagn apxicpr by betbdhe §ode B and the UEs.
processes (e.g., formats, encodes, interleaves, and

Edgﬁhfat m%\” rptg)&%fsgdr%%g%; gfé)gf{slg g’r?lh%glgtlef P;gatlapgrocessmg on the

denandpist s@zﬁfbom,ll Rrogdseored 2phhyoperformbditest MIMO tiwpih@t precoding,
synmbols. As used herein, a data WD _ 2008/ 057969

b@mfg@z@ew:@s 3Agdata pymblpay Yesseat omnane eptenpfer girect MIMO
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BB D el OO oo

ggaﬂbcﬁiﬁpomﬁ @Rk drlsled. NE datrh&{ |ATBAES furth Bl probesb& (@@L @onvert
that is knO\Illvn Jg\)%prl olrg:3 bya bothuthe Node B aI%ld t%She @%t onvers

[ooeaaqlpg,Af hxrsMamph@ueac erd oIpcER2ZIipkifsoputputt samples tandr generates a

%? S S ;gs i&ggb% rn%k:) :‘sﬁgn& Sratéra(}ma %ﬂ}%{l%}g}bﬁ %ég;’o tilrough 324t are

ﬁﬁlﬁ,ﬁﬁdéd‘ﬂom Teasink 3D eQthr&l .32&,6%15&@&@100! may be
sent fromone antenna for direct MO mapping or from

nmul ti pl e antennas_for precoding and beanf orm ng

Wi5ELs s o e3ob Uil o or mailpdnicsyimnor? iesitains daymtink signal
%gg‘uper g? rrlvgl rmguiﬂgt%ﬁ ger11lIl rﬁgf}“’? %1?;5 &:%%R’E?_-%g?%o respective

dasma)dlﬂatom([pEMOBymol Eacﬂmdenhidalartoro&ﬁﬂgubcawsﬁle%s ﬁl’t‘eas; famplifies,
dul at or furt her. processes (e. converts
PErEGY IS i Gl if e el oS uF b o erved supplge.  Each
SR BsoRBsh ARNRF ?Eﬁém% dylail (8. ggrfaﬂ oFbMOMbANKic.) on the

signal s from nodul ators 324a through 324t are
received samples to obtain received symbols.

[0056] At single-antenna UE 120x, a data detector 360x performs data detection
(e.g., matched filtering or equalization) on the received symbols and provides data
symbol estimates. A receive (RX) data processor 362x then processes (e.g., symbol
demaps, deinterleaves, and decodes) the data symbol estimates and provides decoded
data to a data sink 364x and signaling to a controller/processor 380x. At multi-antenna
UE 120y, a MIMO detector 360y performs MIMO detection on the received symbols
and provides data symbol estimates. An RX data processor 362y then processes the
data symbol estimates and provides decoded data to a data sink 364y and signaling to a

controller/processor 380y.



transmtted from T antennas 326a through 326t,
respectively. [0055] At each UE 120, one or nultiple

W@ paostss9 352 recei ve the downlink signals frpea/Nee7/@&83382
110. Each antenna 352 provides a received signal to a
respective denodul ator (DEMOD) 354. Each denodul at or
354 processes (e.qg., filters,1aanplifies,
downconverts, and digitizes) its received signal to
obtain received sanples. Each denodul ator 354 further
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recei ved sanples to obtain received .
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contr ol rocessor
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processor 3
adr cusoedosB3 882 or ]IﬁOI[GOﬂlﬁaﬂllaldES 3120xndatdnsh?i@yd vy one or more
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e downlink. The eedbac i nformation may incl ude,

éergodul@tm;sﬂé&@ thirageh it rand fs@h@@tf@@ﬁ@d}ﬁ aaMélbﬁO ddtector 330 and an
BEFRRF B FPLSSSR AR AL A M il B g b e

f&bv@a@ﬂatsagtﬁe@pfoem t®h data K&k Nade B may use the
f eedback information to schedule and transmt data to

the UEs. [0058] At each UE 120, trafflc data froma .
o541 So&qglgogq@/pémsgn@ 4P ﬁ%OXf AR 380y may control the operation of

O oé o@é%@l%ofﬁ?%ssq NRR & § l@r%ﬂbmd 1% Mna/olﬂ)@t Fespectively.

proces urt processe
Preosess G2 3¥a x (ankl %aplstarakihta)a,nd w@grhmtc@des( forgNqdef®r 10 and UEs

Foburad 370 oeckneS L ArSRRAT T aeTGAER o8 downlink andor
ALANAASRRn, A, DA of ickBack fifoitikibh keceiaadloh Qs

s 120x and 120y are recelved by ant ennas

t hrough 326t, processed (e.g., for OFDM LFDNl etc )
Hp60] FIG. 4A shows a block 1agrarn of an OFDM modulator 400, which can be

used for cach of modulators 324 and 378 in FIG. 3. Within OFDM modulator 400, a
serial-to-parallel converter 410 receives output symbols from a TX data processor or a
TX MIMO processor and provides these output symbols in parallel form. A symbol-to-
subcarrier mapper 414 maps the output symbols to N’ subcarriers assigned for
transmission and maps zero symbols with signal value of zero to the remaining K — N’
subcarriers. The mapped symbols are denoted asV(k), where £ is an index for
subcarriers. An inverse fast Fourier transform (IFFT) unit 416 receives K symbols for
the K total subcarriers in one OFDM symbol period, transforms the K symbols to the

time domain with a K-point inverse fast Fourier transform (IFFT), and provides a



denodul ators 328a t hrough 328t, and further processed
by a M MO detector 330 and an RX data processor 332
wo oosesver the traffic data and signali ng seneCHyS100E083382

UEs. The recovered data is then provided to a data

sink 334. [0059] Controllers/processors 340, 380x and
380y may control the operatior of various processing
units at Node B 110 and UEs 120x and 120y,

respectively. Menories 342, 382x and 382y store data
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the output synbols to N subcarriers assigned
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of zero to the remaining K - subcarriers. The

[BRPd HEPILINGRE 5 BERRGE %rﬁﬁ\é@ﬁ)l "odbidiSt AR, WS ean also
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sub arrie in one S nbol erlo tra sforns t

rifBtralgl ocanerter Fh g t Sl il Profifes dhicse output

fﬁﬁolf HhhAlelt fo@ﬁSercﬁk({r&tEﬁ@une@ﬁgnﬁBHrY i(Be%) %nM\le receives N’
008/ 057969 PCT/ US2007/ 083382 16 transforned synbol

ompwasymhmgs for DnMWaymbehpmiods trafsdiodmst thereN dowmpittnsymbols from
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Bertuh doReBay il pB) ST p08h Pt S Ertsr egora IR Rad grovides
1€ (g S@RPlBmat siRBols" anghfolRssSeIRRY - mApY¥ CA14C maps the N’

prefix genherator 420 cyclically/circularly repeats a
foquenoyrdpwrinGysarhd s N ofbcamierst asargstd foredasymdsodn el maps zero

e BUnpSTRHBIE § 1T BPREICTy IF T ) e [t fhe K symbols
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be used for each of nodul ators 324 and 378 in FIG

WemHesh LFDM nodul at or 402,

[0062] As shown in FIGS. 4A and 4B, both OFDM and LFDM may be supported
with units 410 through 420 in FIG. 4B. All units are used for LFDM whereas DFT unit
412 is bypassed for OFDM. For example, in accordance with certain aspects that will
be detailed infra, the Node B can indicate to the UEs the mode of operation and based
on such indications the UE may or may not employ DFT units 412 as described herein.
As stated supra, although the embodiments in FIGS. 4A and 4B have been described
with respect to LFDM, it can be appreciated that another form of SC-FDM known as
IFDM, can also be utilized as a modulation scheme wherein different UE are mapped

onto equi-spaced subcarriers.



serial -to-parallel converter 410 receives out put
synbol s and provides these output synbols in parallel
WO 20087105786di screte Fourier transform (DFT) uni tP@I/BS2007/083382
receives N output synbols for one LFDM synbol
period, transforns the N output synbols from the
time domain with an N -poi ntlDFT or fast Fourier
transform (FFT), and provides N frequency-domain
synbol s. Synbol -t o-subcarrier mapper 414 maps the N
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as described here ated_su al thouygh t
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another formo SC- nown as can
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be used for each of "denodul ators 328 and 354 in
BaraNyltfoinm  EFDMnd &ld dahsfoons thE(K)recalvcgi sdtmplepmtmaxK pomt FFT and
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serial -to- gara converter 512 provides the K

ferpeinsgabe rfmreéheu A’ psabcaﬂrm@fls assigneeh forpmarsFssim to aBjequalizer 518.
or ece les to t.he f

QBnLF Ul 30 T BB e ERRe Ao el S BBURUEY time domain

sytabal vt Mdint DT ahd Sp\ibﬁéw INET focehed symbols. Parallel-to-serial

converter 522 serializes the N’ received symbols.

[0065] As shown in FIGS. 5A and 5B, both OFDM and LFDM may be supported
with units 510 through 522 in FIG. 5B. All units are used for LFDM whereas
IDFT/IFFT unit 520 is bypassed for OFDM.

[0066] In view of exemplary aspects described herein, methodologies that can
be implemented in accordance with the disclosed subject matter are discussed. While,
for purposes of simplicity, the methodologies are shown and described as a series of
blocks, it is to be understood and appreciated that the claimed subject matter is not

limited by the number or order of blocks, as some blocks may occur in different orders

A



synbol -t o-subcarri er demapper 516 obtains K received
synbol s and provides N received synbols fromthe N
waamsasser s assigned for transm ssion. A PCT/US2007/083382

paral l el -to-serial converter 520 serializes the N

recei ved synbols fromunit 516. [0064] FIG 5B shows a

bl ock di agram of an LFDM denorul at or 502, which may

al so be used for each of denodulators 328 and 354 in

FIG 3. Wthin LFDM denodul ator 502, cyclic prefix
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rraln Sy carrlers

@&aif@aﬁ&l frelcapdbdnSMBecitd Qbret @nan abikabl rzlsmuf&l&re to Altilitate
I FFT unit 520 transforns the N  frequency-domain

Synpertaerasd traesieiring suehhaiethodologles hvagious deyiaes. Those skilled in
S T S

repesented asy sk of itE@008&4Ed Aates bowwentssubh &Sfor bRamapld ih 4 State
g.oth OFDM and LFDM nmay be supported with units 510
HEBUYh 522 in FIG 5B. All units are used for LFDM
whereas |DFT/IFFT unit 520 is bypassed for OFDM

[066P]  11BinY iopW-afbn X IPHRY ¥nPEPBMAFIORE fal ARAsppbRED in various
met hodol ogi es that can be inplenented in accordance

wiatikers.hén dhs désaed BEbjache eafizeredapepdiate sge@FDM mode or an

ur poses of__si t hodol ogi
EP DM R B GROS Tl e ToMBd ) uirh S JRETRESR s 10 the
0P Dhe muddeths Wﬁa@ﬁﬂts&ﬂﬁh@ gplatiegsiddher Divnelrctha iFBM/IFDM mode,
subject matter is not |inited by t he nunber or order

HERrgNityen &w wkaeie HEYMo DN respestiehenfn OFDM UE or
e R T P

a;nHFldMs!IHDMeﬂeMe ad&iMconfidareeias @perateoh tid LFDM mstias at ed
bl ocks nay be required to inplenent respective

odol Qg is to b ci ated. t hat e .
8T ondf Syllg%%.aa@e@oaﬂfﬁ? ghpBuSichiot b0 Hageqgedance with
hi R B L8l iy UBAE ¥R e R @}Q@éﬁ@n A RO BHIMARR or LFDM mode
thereof or any other ‘suitable neans (e.g., device,

Bys s@m-stpiioreser. ddwpoednic)ectioad diayi enldsky on ivarigksouiteria and the
B% transmits in accordance with the selected mode for a particular time interval which
can be predetermined or the mode may change with variations in UE attributes as
further detailed infra. For example, UEs with low SNRs or low geometry may be
configured for LFDM. These UEs may operate their power amplifiers near 100%
utilization in order to meet link budget. LFDM may be more efficient than OFDM for
these UEs. UEs with higher SNRs or high geometry may be configured for OFDM.
These UEs may have their transmit power adjusted by load indicators from other cells

and may not be constrained by the power amplifier backoff. OFDM may provide higher
link efficiency for these UEs.



further appreciated that some net hodol ogi es di scl osed

herei nafter and throughout this specification are
w@apas®enf being stored on an article of NMaNUPEYUSR087/083382

to facilitate transporting and transferring such

nmet hodol ogi es to various devices. Those skilled in

the art will appreciate and uniderstand that a

net hodol ogy can alternatively be represented as a

series of interrelated states or events such as for
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PCT/ US2007/ 083382 19 [0069] In accordance with the
HEPEUESIQEROATh PriHamply: Bithgenseietonhe seaadopdisatibelapove, a UE
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W t hi Its assocl ated ce at . or exanmple, a
tisdeipo rO]FIDM trahdnyis@oi enaodegthetvdy cglidingadvirayees | ayocGMRI with the
8%])5\}[ slcﬁen(l)g Similarly, a UE moving away from Node B may switch its initial
OFDM transmission mode to an LFDM transmission mode based on the signal/mode bit
received from the corresponding Node B. A Node B may send signaling to inform the

UE to use either OFDM or LFDM.

[0070] FIG. 7 is a methodology of communication 700 associated with a different
aspect, which is referred to as dynamic scheduling. In accordance with this aspect a UE
can be configured for operation in the OFDM mode or LFDM mode in a dynamic
manner, e.g., in each scheduling interval or some other time duration. A Node B can
send signaling to inform the UE to use either OFDM or LFDM. Accordingly, at 702, a

UE is operating in an initial mode which may have been determined based on its SNR



the fringes of the cell. Accordingly, the Node B
associated with the cell may initially set the UE to
W@ e@Besi9s9 i n a LFDM node. Upon traversi ng furtP@r/us1onn083382
the cell the SNR of the UE may gradually inprove. In
a converse scenario, a UE may initially be |ocated
close to the Node B and have 2 high SNR but it may
nove farther away fromthe Node B and as a result its
SNR may gradually deteriorate. Any such changes in the
Q(Qﬁi?ﬁdfﬁdetc afﬂ I’70@ Uﬁ ?eQCeRZfes LR wWHE A8 AR LG Frgrnbey sdtPRing Node B
de B at 60 there are no changes in the
afhtth dant @mpmfse anmoﬁxs brt\vae Ghtatile suizant@ mtlwetesthe tisngrarssiontmode in

ehigBe 1 Shadf sbetie adTo668, 1 ln it ReyiaPeEgpls b ip prder 10

aetelﬁﬁlﬁgﬁtaﬁﬁﬁﬂngg‘ijs tehuRshR i frhsafis®innbee.| Fot 8&KMle, the signaling
shoul d be a correspondi ng change in the transm ssion

Mo ecopfprish enemagle BD8 a|downhiek @haﬁﬁ@le@ewge {6 todlicate He particular
ans%leg r M nge to userfgrs upqI t}/a%ls é)l Elg?lés dmag a@agnl%gl%tfeasletn e.g., (a) to

curren ransm SSI1 on e as I n

Fowe igdicatt NFDNangR: dn(battd ri ‘blet i@dichickBFISMRneasdiAdcofitingly, if a
of a UE under observation varies beyond the
pHtiewaoUE, reeqieesnp b mliediiog 4 ertaimmede avhady isethp 6#1af g its current

{iﬁﬁ@ 9¢ 06 ifukS to &5@'@3&@ %h&@nt”fﬂ?%ee?ss'\%g%g& 3089 1fhc G Oindicates a

accor ance wt an aspect can Inrtiate
tode diffenge flkmyn its eursamk htoda,ghaU(Eomﬂk vitdhiits nadndeadt thaasmission based

eci fic values. for.each or. th transm ssi.on des. .
@gﬁhﬁ‘es&lﬁwg evﬁlf feGels eaétm@laatﬁﬁét §@Er7&5: l%j&goiaaléfacwted that
Qpﬁ’é{ffn hoWEs irf MBrdaﬁcWﬂhrt%Mﬁﬁ&S?d'he&% kéﬂg@ﬁceBatCaaHmch faster

&Mtchfromthe initial transm ssion
GRS tcoasreidsoi smirtdie scheragby cnédﬂﬁs dgscaubv@n’n&ge@pect to FIG.6.

ﬁ%@fi(l)m it ed)})\{c\ﬁfa:ngFitch %9:@% %net&en gglu? # ‘%@f g}e Il\'f%ﬁ to switch

MoBBshasES bR R aiBCashEct R Borkpidhd HAMSBIliSP bpébﬂﬁ%ﬂ@usbt@ﬁﬂces power
on the signal/node bit received fromt

ewplieepbradrangn. NJd8NB. an deisded Buprgy Sion cﬁxgmgh:allf agUEols Initially
wfg%ﬁggd%tﬁhag it 119 %(g({é nd %%Mé) b ?gvbcq)tM of{cgg‘zglloal'szls&carriers,

ogy conmuni ca SOoCI a

WictNode Blichh eicdndirec&PEECt to titik@lt ih OFElembés bised @ availability of
dynami ¢ scheduling. In accordance with this aspect a
@JECOIE@HO%%S%WF}@@&H ddup.otheopysieat Feh taks advanieppiof niggeus aspects

ersR&thMds% DM aS%RATL OF DA PRI mese: 9-» 10 each

uling 1nterval or sone other tine duration. A
Node B can send signaling to informthe UE to use
HO07her OFEOM Bra flesDivharA800 thait dethifs opratik@2of ascheffilpsin accordance

g/gtgél?l%lzsﬂ%:& &%lggea(l)%}fﬁ InlagL ng de Wh 1685/68%1‘?86“/& gynarmc scheduling, a
E&E&M&Z@Q/ 0833der 349 in FIG. 3) may assign continuous subcarriers to a UE

operating in the LFDM mode or equi-spaced tones to a UE in IFDM mode in order to
maintain low PAPR and may assign continuous or discontinuous subcarriers to a UE
operating in the OFDM mode. The scheduler has full flexibility in resource block
assignment for the OFDM mode. In accordance with different aspects, the scheduler
can schedule UEs for transmission in various manners. In accordance with the aspect
depicted in FIG.8, the scheduler selects one UE at a time for assignment of transmission
resources based on their priorities in a descending manner. Therefore, a UE with

highest priority is selected for scheduling at 802. At 804, the scheduler determines the



conditions etc. At 704, it receives a down |ink
transm ssion froma servicing Node B which can

W@ 9p5®e a node bit as stated supra, to indi cCBEEUS1987/083382
transm ssion node in which the UE shoul d operate.
Hence, at 706, it exam nes the node bit in order to
determine if a change is requlred in its transm ssion
node. For exanple, the signaling may conprise one
node bit in a downlink control nessage to indicate the
REE i SR odt TRNBIMUESIONFPRAS: OFDME A QfI1RhicAKat ste 806, if the
transm ssion. This node bit may be set, e.g., (a) tpo
fr@ﬁsntls:slcbmnhbdcatseLFLIFMMhmdmlwwmlb)louscRBS_Shduhi boaliasated to 1t If the

g s o BOL LB il bt by B HEEEIEE R, & PDM

foHE eHtit iSTRACDM fras@idsidi@sdd, dhdFediSioatiRudus Hu€ Bili®Phced resource
nmode as shown at 708. If the bit indicates a node

bliotlkserre rssignashto; it 8s sl éh8261@m5ethetm@ce@'£temunat6§vwh: the scheduler
etlft‘ctf?lggagr}e\%egnﬁ a%@ﬁ%] dlslﬁ J[ht%qjd]??sﬁ(gtllé %&0%1? lly 1Ss ct ocltglélgd at 810 that

tRPRfAciaked rdRrtis (H‘MN/IféhtiﬂﬁerBfw@ﬂlelsﬁh@ﬁﬂf@ rcdﬁﬁﬂ@ca‘% &dhtmuous or
dynam ¢ schedul i ng takes ]SI ace at a nmuch faster ra

é@cmﬂﬁawésq%ces@ﬁfk%tp dhq UE<s shevan afo%en)$08u§§lba%l@mlb@a 814 the
t
%ﬁe?ul&e%%ec t’ﬂ]ﬁ 1 sh(ﬁ'ﬁ{ B{: gsrs%%lg& '\%gégmgﬁ?ﬁ pc%{)ﬁr%bﬁ IFHowever

conf1 gured 0O SWtc
nmjéaeﬂmasaﬂatosnep/mé txhalsthamnstiﬁ achpr tednsmisaioai rhadw, et seheduler

Skt JeliBier TohSS o EoiesP o BB Shumrre 6o e & s10. 16
thréytarelMﬂamen{ﬂeg%ef& mlg{n%a%rrﬂhtese ResbiioM rap%qz?aﬁi the process

there is a paucity of contiguous subcarriers
Noddides eall4 hdnredihe echeduter SElctts atmeaxh &I schiedul@EDMiowder, if it is

Frziief e N bbbt B ooBiBlt B Bro B G0 nkilig on i
ﬁﬁ‘ﬁl@p Hab@gin¥a thnSCH-IINh asdyehiic ahc@iiY medeiLhowh0QAR1b. If the

FIG8 is a flow chart 800 that details operation of a
YEhedat by a dynaaeie oelirdrnbiee medeHhem itds perdludedythsteghe UE is in a static

g&g&gwgnrgo&]enﬂegmsaﬁg&%ﬁéﬁ%é fhe %r?c?d% g&llleggﬁe ! ays%ﬁ%@ C%Eil%d Hence,

the pieyesatesinhates @ﬂSImwael@usan@aUE BrsslccRddotdcheduling. If however,
operating in the LFDM node or equi-spaced tones to a

th Uk is ippidyapaie schedyigamads, thediapsmaispion gipdpabracddl ingipnged to
BEPING Braf IRLiBY E‘%%&%E)ﬁ/ﬁérr‘%g gﬂ“é Lﬁﬂ ugy §tﬁt‘%§ Q? L %rtﬁ?&el c[aﬁ bg%hanged

operating In e scC
fd HIMI itd yoelttar rnesiaelr discdotioodus assugosre nAcécndmlgl}e @kdAtinuous

node. ccordance W t. i fferent pect

S bl B S0 Bt tlbbfestee G Bref SRS Pt {50 and the process
M|k ﬂB@Mﬁfvﬁth e AGERLAANGRWhE M hBg @':Ep%&tasmgn transrmssmn
depicted in G 8, the schedul er selects one UE at

tasomrcéor assi gnrrent of transm ssion resources based
on their priorities in a descending manner. Therefore,

ﬁl(HE] W t”ﬁle scheduler may use a channel tree with continuous resource block
mapping for LFDM. The scheduler may use another channel tree to allocate disjoint
resource blocks for OFDM. This may provide the scheduler with more flexibility to
allocate the resource blocks to efficiently utilize the entire system bandwidth. In
general, the scheduler may use any number of channel trees, and each channel tree may
have any mapping of resource blocks to nodes. The scheduler may use the same or

different channel trees for OFDM and LFDM.



hi ghest priority is selected for scheduling at 802. At
804, the schedul er determ nes the WO 2008/ 057969

WOEARDRS20D7/ 083382 21 transm ssi on node of t hRCTJES1097/083382

LFDM or OFDM As illustrated at step 806, if the

transm ssion node is LFDM then only continuous RBs
shoul d be allocated to it. I1f22he transm ssion node

is not LFDM it is again determned at 824 if the UE
isin IFDM node. If it is in |IFDMtransm ssion node,
{0898 di SCOPic RURQUSIifm SHHIhARAERL SRSAM &8 be RbQEKSthe
are assigned to it as show at 826 and the process
sahedilatoessign tdsotee beckheudcerrdasel veith amappactwertprisiagdd = 16

814. If the UE.is not,in |I.F de, it i cl,ud
TSRS [HEC frS i AT b Trg Ry B TRepdrdpeh
SubRarsieN@EUIFREL Gafic @hdnBsial SssHARd b BMAMScHAAnel ID and is mapped to
di sconti nuous resource blocks to the UE as shown at

ey 808, suBedisieyistninl qach Hmegnigriahe Fosetiathle.ertrafir ebangel
Fal 6% Eieﬁ%l%dtfl}ae% hSIIilo%litg chba%n?q%t.séle g{)}? dTﬁert%@ﬁc%hsé L8 nrnay g
resources. f %OV\BVGI‘, | 'S etermned at s ep 66

§d’d1ﬁt3ntldlll§ nidmblefedi ffor bbftdaYitd foprsidifecsmh it 1Rt fdrRech tier. The
schedul er again determnes if there are _conti guous
Regestiadiie ehsnacl correspending toghe tepmpst ngde g pepignef a chapwypl 1 of

i [ ' d el - .
L N e T
Boketutret [[3edfecthsowrhriutd LE cslidielchst traffic dHomesierEachfbasd

is..concluded at 810 that there e no conti nuoys RBs .
H?/%CICEBIP@TFS&PE‘EPEH&BW ﬂ@cwﬁsﬁsqt-t ﬁ‘% treg §irpeare as Shown herein

FREES BBrRGHdsfridBRs bE thSudcb rah I @R farte RG] HehdEBRa
as shown at 816. If the UE is not in a dynamc
systoad uForregchnaliéic chimeel thiat is sssegned] albieafTic lkhannehéhadiErd sibsets

' tati hedul | t 822 t h
B4 Shahd o BTN EhaRg et snRE SRRl e heB e
hRIAbREMES cRinn8llida WhRERkregtribedt ThéchiicRahREAEchahMls are
scheduling. If however, the UEis in a dynamc

sethvseditaneyrensbieyith e apsignesriade elimnpelde thyt nphwo tEflic
d._t tr 1,SS 10 as shown at 818. As
GRERES s Be s e MR R B BRIRES 7o Crom o
better utilize discontinuous resources. Accordingly,
piogdpnt iAwusEsd supsnwneeorbmorkshanhdt tremymie bauktihablasd used for

are assjgned to the UE at 820 and the process
RSP RARQLStian. Archanal fros AEDSSEH (R BRIadr Eepiicgs Blopigsdp nodes of

e dhQni$ %8N Fof @fhﬁgﬂléﬁd Offary” GRAKIGRS -cah O R Eindd & which resource
I ma e I h

schedul er y us channel” tree wth conti nuous
bleslout deotgloBkmayrbp piapped @rnddeDithidhgh ¢ hesgedterlyrary the first tier

02RO E o Db MRS TP Bl b mapre o
Behegul efd Wsbitrc8BIRKS BeKumd Bi th¥y b® mapped to node B+B/2. In the third
tier, resource blocks 1 to 4 can be mapped to nodes B+B/2+1, etc., and resource blocks
B-3 through B may be mapped to node B+3B/4. A UE may be assigned a specific node
in the channel tree and may use all resource blocks mapped to the assigned node. The
channel tree provides a convenient mechanism for assigning resources and signaling the

assigned resources.

[0075] FIG. 10 is a flow chart illustrating a methodology of scheduling 1000 using
subbands to improve performance in communication systems. In accordance with this

aspect, UEs can select subbands with best SNRs to be scheduled on by the scheduler at



all ocate the resource blocks to efficiently utilize
the entire system bandwi dth. In general, the
W@ e00es19¢r may use any nunber of channel treesPCEHOB2007/083382
each channel tree nmay have any mappi ng of resource
bl ocks to nodes. The schedul er nay use the sane or
di fferent channel trees for @M and LFDM WO
2008/ 057969 PCT/ US2007/083382 22 [0073] FIG 9 is a
di agram of a channel tree 900 that can be used by the
st heaUh R NQIcasS 'Ilﬁﬁaﬂ}e §t0}’(f()(2e ! @Eé‘ﬁethg sBSEPLY: %%ﬁedﬁ'lérrbsttmate
an aspect conpri sing subcarriér sets’in
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with t B subcarri ch traffic ne
SR e B0 s RSP Ruph SRR Bacgar them (o
R RhsHRGAr Ak Q00$ehs sched®®sNeddiv® Judh 8BNS frEt‘ﬁrthe UEs and may
exanpl e, a traffic channel may be defined for each

pltsdeptite selisdnlsdhe PEsendescd trpis rgspedtivicselebizonse &pomaietayaining the
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or eac rer ar est anne

aobeesnonds MILFOM hedé epsizsin ertqu@ 1032 a$Bthgnadisdan OFDM mode, it
channel 1D of 2B-1 and.is mapped to all B subcarrjer

e be schpduled 1o guftinde éﬁmwteﬂubbams taﬁ éeqnoat/elé)ﬂ‘tt iIps, while operating
|
tra??ﬁ@ﬁgﬁgﬁﬁe sz@%%ﬁnﬁgggg 1B |c Cl anne %ggpﬁggped

to one subcarrier set. The tree structure as shown
Ho76] n Iplaacedamperwih warnast othat aspags,aystehemag esupport kiegle-input

f F
tingiera: AR oS nLerIGAGE STk BRGNS s Dele-output
MO RLEd/BH ﬁﬁﬂﬁﬁle 1 nﬂﬂﬁﬁl@-"(‘)ﬁ b eMI0I0)tdpRraRda! WI®Le-input refers

traffic channel al | traffrc channel s for which the
ta)s@tegtnmsnmtremtemn@ anrh @mﬂ@pleﬂspvat ref@tﬁstetmlaltlelertmmrt@mmnas for data
e re $m, dbfochannel s are § le-oytput,refers t
é%‘%?ghtsrl Eht PYEW ‘t‘ﬁp‘t He' s 8. G T ?%nac%l n“n“é fiPlego g reters to
ARt réd’e%fdn@ennﬁzh ek S rdft%ﬁtldnh eOnale dowheak " the rrntﬂﬁf)le transmit
at the sane tine. gg074 As stated supra, one or nore

pHeme re ot ad¥odeds, thempdinlhegeiyn ant@%ad rrl%brbe #©@5e@F gwre UEs. On
gl g)ﬁﬁft 0y 16[}1@ C}ﬁ@ %ﬂﬁtﬁlt hiSfn A %th ne o‘t r@'[h?sb Eﬁ(} the multiple

urces es 0 annel tree.
exanplagtenaadoaro at yhecRadn 8l Tlrteeeysteam nlag def suppdrtismghdrigh MIMO
resource bl ocks.1 throu mapped to nodes 1

be
(173G andosbetaroMIn Ralieityr - RREMINGp "Rigs © MmO
gﬁsﬂﬂ%mﬁ feia c)rnI apsﬁtgl% @ECCM@ MIEfO réf@t%%rlﬁﬁ\/lgj Rgrlfsﬁngslon to/from

be mapped to nodes B+1l, etc resource
blubgits @Slegncanthﬁﬁsymbe;etraf)pldﬂ;atrwmoﬂﬁJ-B&EﬂQ is latsot fegerred to as

sg%lrél I:ggallg}eorét " u?tgﬁur Ccecg%j&ﬁgiléér cgUéY'@gbs and/or Rfﬁ?q\/ﬂtl\?O may be

supported on the downlink and/or uplink.

[0077] FIG. 11 is a methodology of communication 1100 that utilizes various
aspects described herein to implement OFDM/LFDM schemes within a MU-MIMO
system in order to take advantage of features within both the schemes. Initially at 1102,
receivers at a Node B receive SNRs associated with various UEs operating within its
cell. An associated processor (e.g., processor 340 in FIG.3) can analyze the SNRs to
determine a mode of operation for the transmitting UEs at 1104. Accordingly, the UEs
can be allowed to operate in OFDM/LFDM modes either semi-statically or dynamically
as detailed supra. At 1106, the Node B also receives broad band sounding signal from



B-3 through B may be mapped to node B+3B/ 4. A UE may
be assigned a specific node in the channel tree and
woreass®eal | resource bl ocks mapped to the assP@nEs2007/083382
node. The channel tree provides a convenient
mechani sm for assigning resources and signaling the
assigned resources. [0075] FIZ& 10 is a flow chart
illustrating a nmethodol ogy of scheduling 1000 usi ng
subbands to i nprove performance in comruni cation
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subbands with optimal SNRs are identified. At 1006,

finicUEscaded dleta sudhr siebbaln drgnamigsiorsp drom tthent/Es ont s assigned
fc'e%gl?rg% e#hese rfui,l]s%)%ﬂéoﬁshc%aso%l}gcelfve%rthr egﬁ IaV Ffuraﬁté/ d)glrecet%e antennac.

repor rom S an atte

WES 107y hasemsihgions tasPRedivyE fival &rt UBRSwe Up@ially separated using
determining the transm ssion node of the UE at 1010,

MIMQ gsbmignes kaNMER dmiiBuhBIeEsqure eey) gigtsgdon, which may be
ﬁ#élahﬁﬂg%ékéss VE ullt%‘_fg'%wée’: c@%&ﬁﬁgn gzmg%cﬁléd u{:eegltlﬁ g&%ler aspects

auldetalee @fre] o niveaubiands ae %@MahnleJFll)MTltluﬁsmission modes

whi | e oper ati ng O-DM node the UE is able to
st taRcouply qn m%ﬁaené AR AerRY dgssdren [’%ﬂ??’é]crlfeﬁla such as, SNRs

256Q5AaNGR ‘ﬁ%tr& Y@eQh: Ql;e'aﬁfs ASRRGh ]%/ Y L& MIIBY can be adopted
support single- |nput si ngl e- out put | SO,

by ngl esivanpuEmibt i phremouicptinns( SUMD) s nEIMOEDEDMapHIMO/LFDM,

RN SO kP BN & CEp SHOFRRY 6 tibusions dhessef

to one transmt antenna and nultiple-input refers to

[0078] pl eAddtidiraspdct At RIMIaStof iforfdhing ﬂfe%ﬂ%ﬂt@gﬁe& @f OFDM/LFDM
Si ngl e-output refers to one receive antenna

palcEep Mathgue sammuafaatien systeriy tinsiip@drledbfp ﬂ@%ﬁl@@rﬂﬂ&@ illustrated

[n?IgIGj gba A goqflﬂhﬁlgalon%}oééaﬁr dlgb\’(‘fgg oggd wﬁ %etr{élﬁg Node B initially

ennas are at a
fefeeleeya amtsenm gayvelmgafNan &roor angingle UER . asGshowtnhat 1202. In

upli ple transmt antenn be at. one
Fﬁ&n ar?éﬁéert secqhutng Lt may &é&@ﬁ(?%urga%/%ﬁﬁ%@lb% glugglity data

Et%nﬁ'qﬁiﬁ cBn ha_\hﬂ)edl ?QNWI&'S %%o%fé%%ére %}ﬂlglﬁccﬂﬁﬁﬁ ly, at 1204,

MMO (SUMM) and nulti-user MO (MJ M M) . SU—I\%K/O

a déterrsintiporMs Mddetat dresNodsB oftht (SINRmcavai ﬁrgﬂneheUEE are associated

I AR 5 Sk ol M 0RTL SELRB LA, TUALPLE, s
BhiSehi S S 1K@t 1208Sthe Node B will determine the transmission scheme for the
UE based on the received SNR as described supra. Thus, if the data stream has a high
SNR the Node B will configure the UE to transmit the data stream as an OFDM
waveform whereas if the data stream has a low SNR the UE will be configured to
transmit it as a LFDM waveform. It should be noted that the scheduler at the Node B
can operate in a semi-static separation mode as detailed supra. At 1208, the Node B
communicates information regarding the scheme to be used for transmission to the UE
and the process terminates at the stop block. If however, it is determined at 1204 that

the SNRs received from UE are associated with different data streams, SNRs of each



Spatial Division Miltiple Access (SDVA). SU-M MO

and/ or MJM MO may be supported on the downli nk
w@e@sos79%pl i nk. [0077] FIG 11 is a net hodol oggCD1S2007/083382
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features within both the schenes. Initially at 1102,

receivers at a Node B receive SNRs associated with
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BB Iskishd GHEMIDIO.conbi nati ons thereof. [0078] Anot her
aspect that relates to incorporating the advantages of

h nicati on .systemis. .
(HO8H] o dier i HEDN 49 RN <TG st il ony e ek to asis
4 Nod® BAPAM LRGP 1R r%@ﬁ&gp "tBe isSm8lios oli S @Rk M‘&ﬁ %eﬂz Be used for
serving Node B initially receives a transm ssion
ObPM G FENR fr om desggnnglpdotUier &8 Ddh avgenatatalgp@ed pma polyphase
sequence, which is a sequence having good temporal characteristics (e.g., a constant

time-domain envelope) and good spectral characteristics (e.g., a flat frequency

spectrum). For example, pilot symbols may be generated as follows:

Jo

p =, fori=1,..,L, Eq (1)

where p, is a pilot symbol for time i, ¢, is the phase for time 7, and L is the pilot

sequence length



accordance with a further aspect, the UE may be
configured to transmt a plurality data streans that

W@ 20084050969 di ff erent SNR val ues associ at ed t herRCT{$1007/083382

Accordingly, at 1204, a determnation is made at the
Node B if the SNRs received fromthe UE are associ at ed
with multiple data streans. 126 the SNR i s associ at ed
with only a single data stream transnission, then at
1206, the Node B will determ ne the transm ssion

Rl e ' .
[IRBETT o d et B meb P 2R led Bl R ofife RO o
SNR the Node B will configure the UE to transmit the
g{ﬂ:a)[.%t_r amas an OFDM waveform whereas if the dagg()
treamhas a low SNR the UE will be configured to
transmt it as a LFDM waveform It shoul d be noted
that; (hepschedul er at the Node B can operate in agg(3)
sem -stat'ic separation node as detailed supra. At
1208, the Node B comuni cates information regarding
wﬂeﬂsg@eqp(;DLbQ)p,sed for transmssion to the UE gRdl)
the process term nates at the stop block. |If however,
it is determined at 1204 that the SNRs received from
UE r%gggpcpaied ithygifferent data streans, SNRs of
QAL 2008/ 057969 PCT/ U52007/ 083382 25 data strEgfs)
t hat| mi(i -1pe FrBngsi Lbed .by the UE at deternmined at
1210. At 1212, the SNRs from step 1210 are exam ned
to determine if different data streans have different
BA82] asdociaited (Ghdl evd Lhure tdlatalely pdhea $Fqnatans(2havfor a Golomb
simlar SNR vad3 es then the Node B wll co figigre t he
WHEUERSFCo Syl Bh 1n o} FAriCaUSIcEHeBIEOB 4} Fotor & P4 seduchce, and
EQANBAI(SF §0RSE URIE querdENCPhc PRCPRTRAACSR SAMch&EUWall have any
to 1206." If however, different data streans have
aribftfagy damgth. SNR niboit sygsbols ey Wisoi be geoerfategihasal drox Frankistimence, a

hLansm’ SsSi ?,n at 1214 wherein diffﬁrent dat a]g%trea?s Ivoh
JEIUGTGS 87 SRPNPEHASLDE SHFBANBIHE SeHENTy BIF Y& p polyphase
§ Bﬁ%%%&e%nl&@!mf&%eﬂmﬂp' e, the UE may use

for 'streans with high Rs and may use LFDM for

streanms with | ow SNRs a nodul ati on codi ng

H983he (Wrcgylas for L@Mgﬁgﬁ’@%mwlw&e ganesaish with ymodulation

r V. . .
PBe3) P pgha i, sholl 10 QebkE Whibs mlKRhg( ossgsine for
thehilewe difickdnt Md¥onemddpilot gmilailnmahdonetd tor@iDMoasl, LFDM to
e.g..,.. high SNRs, |ess correlation between the transm:t
SAWIify Be@ PP laMiBANas, etc. Inproved reliability may
be achieved with SI MO under other channel conditions,

0084} | DPHoENREy bMVRAtte Sl RY nREnSS SCOEOMAREOFBM. In one

one or
design, pilot and data are transmitted in a time division multiplexed (TDM) manner.

For example, data may be transmitted in one or more OFDM/LFDM symbols, then pilot
may be transmitted in one or more OFDM/LFDM symbols, then data may be
transmitted in one or more OFDM/LFDM symbols, etc. Pilot may also be transmitted
using short symbols generated with a smaller FFT size (e.g.,, K/2). For example, a
transmission may include two short symbols for pilot and six regular symbols for data.
For LFDM, pilot and data are typically not sent in the same LFDM symbol. For
OFDM, pilot and data may be sent in the same OFDM symbol on different subcarriers.
The multiplexing of data and pilot in the same OFDM symbol may reduce pilot
overhead. With OFDM, it is possible to efficiently allocate frequency resources



nore criteria, e.g., SNRs. In accordance with a
further aspect, to sinplify operation, OFDMis used

WORER/08980 (whi ch nay be sel ected when hi gh SNRST/HE07/083382

observed) and LFDMis used with SIMO. [0080] For both
OFDM and LFDM a UE may transmt pilot on the uplink
to assist a Node B wth detextion. In general, the
same or different pilots nay be used for OFDM and
LFDM In one design, a pilot for LFDMis generated

baseeh 8fa @n(P? lé@%?&lﬁii %@ﬂﬂl%%ﬁlbe%f &Borse BloSIRAHRREEd to a UE as

havi ng good tenpora aracteristics (e.g., a constant
iticam uilloreed sy omh Rls dlpet precassiggeabie is pentfram different channel trees.
characteristics (e.g., a flat frequency spectrun)

F@?Fﬁ rﬁli 13 SI Ag]?eg}o)ép Q%ly%f tra Smls%%lt T?(S(P‘ %ﬁl&eg%gl Gogmunication

Pistdi whyAh@hshfing in!TEFDM (ide i abRRdRasat Otridus MBpdcts detailed
and L is the pilot qtuence | ength WD 2008/ 057969
t

PO uego@ﬁﬂosse gztlalbed oognd py élger(Epﬁhahwh@éddemﬁmédn LFDM

%%?ggas%?lg%ns)fgt%ﬂﬁg_?%n{ Q%%g%&@%‘ﬁb% 4§ (1t )detfﬁnn,ed if there

Eq(sél) dataTo beitrandmidted. /If thdrets hevedt cEma fr’ébn trzltnsmlssmn the UE can
)nF/L faorlodd [ 0082] . I n equation é’Sﬁ
afrﬂézerté@ agsignsfl\R By topgnd E&ﬁ%{tqgo% Sge‘)v at 43¢ awebqro UE may also

?ﬁ)gﬂéﬁglﬂgﬂoa}sggﬂgd b Qa1 Bdunhier fo? guﬁca?r’%eé %géie&feebanﬁoé&%%'fgpa control

sequence, equation (
Ghunsle qums;:the UrEmaIPQ:ndRAgmhdg Gh mhesé@@awd$ubeam1ha\fer the control

n ar | engt The ilo ymol s al so be
Oaraidan pRedason® e el o b Hegnaled “aGitts dhay, not be
E’dht@ﬁ@ﬁbewﬁﬁ thOlyHaiEal[t NRYCatl® |ré@éhﬁ§ &ls&KIUaNES thah g HS Base, the
of a pol yphase " sequence may result in | ow PAPR for

Uﬂiernpy hott be %@@881]1861111@ dpdigmated fubcaniepmvlempiwrDM aftoeated resource

ﬁ%)algﬁ aff tggr%e%ﬁt%eﬁgat(a ge r{r%g%{él% 42 V\H 3@%?1%&%6% {1&#%?5‘ 1}131¥1plexed with
HeOgi g88inB Ofok AfansinhGioR! | Ths .midtiplcRE® htaS RO Stoofhe designated

pil ot synbols may be used for OFDM and LFDM to

subcarriers at 1310 to generate the LFDM waveform. The mapped symbols are then

transformed to the time domain, for example, by utilizing a DFT unit at 1312. At 1314,

the symbols are transmitted on resources assigned in accordance with the modes as

described, for example, semi-statically or dynamically. However, as stated supra, while

LFDM has the advantage of low PAPR, it requires that contiguous RBs be assigned in

order to transmit user data thereby leading to restrictions in scheduler operations.

[0086] For a UE employing OFDM, the transmission method is similar to the
method discussed supra with respect to LFDM with the exception that the Fourier
transformation of symbols at step 1312 is by-passed. Although OFDM has high PAPR,
it allows disjoint subcarriers to be used to send data and/or signaling. Signaling may be
sent on any allocated subcarriers. The UE may send signaling on the designated
subcarriers when there is no data to send and may use these subcarriers for data and/or
signaling when there is data to send. Hence, the designated subcarriers may be fully

utilized with OFDM, and no bandwidth loss is observed.



sinmplify network planning. [0084] Pilots may be
transmtted in various manners for OFDM and LFDM In
wWor@s/08msd gn, pilot and data are transnitted i PCHUSI00B083382
division nultiplexed (TDM manner. For exanple, data
may be transmtted in one or nore OFDM LFDM synbol s,
then pilot my be transmttel®in one or nore
OFDM LFDM synbol s, then data nay be transmitted in
one or nore OFDM LFDM synbols, etc. Pilot nay al so be
E(fﬂ%ﬁr M GHEH opMSHiPoPORDM SXIREDM 98EEE %r%n%tchtréhsition between
smaller FFT IS)IZG (e.g., K/ 2 ). For exanple, a
thestzvn msltiplexmeyscherntudebtano thehdrantsgasiod bethfthe sghicines such as:
and six regular synbols for data. For LFDM pilot and
data are typjcally.not sent in the sa LFDM synbol .
Fore S Ohb e i tiandE ey ot Bulf i { ne. ane_ DM
synbol on different subcarriers. The multiplexing of
date ARRicPE higher MAulkifBcs @MBdPRNMagy Mool may reduce
pilot overhead. Wth OFDM it 1s possible to
efficiently allocate frequency resources WD
2008/ H5Hi9BOhiRTT/ UBPORIACHBREB82 gain7 bet ween data and
pi | ot dependi ng on the nunber of resource bl ocks
al l ocgted, t.0 UE as .it. tilize disjoint RBs that
are aggﬁqu’?elaﬂﬁqquiga]@\f%ﬁlgﬁgﬁ%}lq‘efser ent channel trees.
[0085] FIG 13 is a nethodol ogy of transm ssion 1300
ut id i PRA¥mEre FRATBIlM GRETNID/ MIVIES §FBrivii@l, transmi tting
in LFDM node in accordance with various aspects
detailed supra. At 1302, it is initially determ ned '
by ¢ hBroyEletrhere fracdeh o pdottscawengs scléqiionpDicasigrdeteredanning,
on signaling froman associ ated Node B. At 1304, it is
deterpgined if there. i.s user data to, be transmtted.
1t nEroR TR ghors Ty if atBitina e olhn @ AR LE o an
utilize the assigned RBs to send signaling as show at
13Q6. REQYRWaRdwidielobiEasiByatadl $ioth FEDMIt@hir6Bdhayndssi gned
a smal |l nunber of subcarriers near one band edge for a
control channel. Thus, the UE can send signaling on
t he dBgiviledinkdeeddseiaricrses $FHOML. ade control  channel
when there is no data to send. The desi gnated

aymant IR ol ORISR M,

the case, the UE may not be able to use the
fle88pnat edThetechmiguardesaited Giewit may be irapleoeateddy various means.

resource blocks. If there is user data to b
FPEREMmPLS dipse feehaigpes ffl%{’%’é{éﬁ cragiied {nsnardiy At pi R o iy are, or
b BémBindhg ihBRof. OForld RREIAS $hnflimhiGoUE bRIEXSH A at a UE or

I's mapped to the designated subcarriers at 1
gdlode B may beinyHDhtrted efithimonckirencrappeltcasymmicHicantegrated

Eirr]c%ri]ts (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGASs), processors, controllers, micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform the functions described herein, or

a combination thereof,

[0089] For a firmware and/or software implementation, the techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the

functions described herein. The firmware and/or software codes may be stored in a



transfornmed to the tinme domain, for exanple, by

utilizing a DFT unit at 1312. At 1314, the synbols
wW@e@sHsaAnsm tted on resources assi gned i n accoPCEHOSW07/083382

with the nodes as described, for exanple,

sem -statically or dynam cally. However, as stated

supra, while LFDM has the addantage of |ow PAPR, it

requires that contiguous RBs be assigned in order to

transmt user data thereby leading to restrictions in

RV LR e?&%f&ltﬁ}pzp rocE:Qgg GﬂheFrﬁémér}Eaf 1ﬁﬁ£%ng%1thin the

the transm ssion hod is simlar ‘to t hod

mosc&sels@obm@paﬂatovhetprw®scpxect to LFDMwi th the

exception that the Fourier transfor mati on of synbol S

Rt °P el e BRBRRE ot (s i St ey Saeyiaed o

sl 83t Feradndkaredsh aradrt dgnald @higé tHéghdm)éuﬁe V&RAE 0N
any al |l ocated subcarriers. The UE may send signaling

ewdifisationsdp dhrae eabodigsatsryilldiegcydhlyrippispictoithosq ékléllsti an the art,

5&1 %glﬁgn&{bg% HEthlgsZ reefh%&%greﬁ%tﬁg"b él‘f’ed'_’ig)roﬂgeqt ?r}y%ﬂ%é%{ts
dfﬁhbgl’t&beldmglihﬁﬁﬂfd $pirk orayorieeoffthid Higclositre | ﬂ“hﬁ@ tivd dibclosure is not
OFDM and no.bandw dth | oss i s observed.

DRSed 5706 Ymped 1SS GonRodgnaYs shoven P@r@gwu%me accorded the
e, 908 s1§£%ﬂﬁ‘t eéﬂ: AL b O Fe AR WL losed herein.

transit et ween e two nultiplexing schemes to
obtain the advant ages of both the schemes such as:
[09bly f oVhigeras beemddstril@dtaibom EmIUﬁhee@yigII@mfbmmws h,

A B ah BRepr hetund? R BEF Bt AGY fangR TG Efimbination

geddmpgoRnentd o heBl¥doles R For puthéet 8Edd¥BHIBIing kiXdnktiddirhdnts, but one
SI MO'M MO operations, Provide nore freedomin pi il ot

gﬁ@fdémesl@é Ieide i asigceiice hatmaaaofukthg canmiigions and
taq nggr’reep ﬁl gfé *Acg!ntd}' v%l% i ﬁd{iel{gﬁedn&s& C[Jtl%% Ty i‘ﬁ?erntlaﬁggo embrace

erce uce 0SS asso
b,lFathz@ratam@hs ehaifeitions, ald OwiigRnk tak fallewehin giad spintendissope of
LFDM and Provi de | ower | npl enment ati on conpl exity
@@@ﬁﬁ?@é €BIMEPDM  [0088] The techni ques descri bed

herein may be inplenmented by various neans. For

gple, t i EEN Gy Al thevariRis %ﬁ?cﬁ%ﬁéj?érf‘oﬂned by the

ardware, firmmare, soft or a conbi nat

tliveceloscribed lcompcblmntbmde\ecasnpt@mmmy&tlem and thediker hedswisng

nrl]él{lgmg a rgference fo a “means’ ") used to describe such components are intended to
correspond, unless otherwise indicated, to any component which performs the specified
function of the described component (e.g., a functional equivalent), even though not
structurally equivalent to the disclosed structure, which performs the function in the
herein illustrated exemplary aspects of the embodiments. In this regard, it will also be
recognized that the embodiments includes a system as well as a computer-readable

medium having computer-executable instructions for performing the acts and/or events

of the various methods.

[0093] In addition, while a particular feature may have been disclosed with
respect to only one of several implementations, such feature may be combined with one
or more other features of the other implementations as may be desired and advantageous

for any given or particular application. Furthermore, to the extent that the terms



a Node B may be inplenented within one or nore
application specific integrated circuits (ASICs),
Wele@BNs196%i gnal processors (DSPs), digital si gp@l/us2007/083382

processi ng devices (DSPDs), programmable |ogic
devices (PLDs), field programmabl e gate arrays
(FPGAs), processors, control l3s, mcro-controllers,
m croprocessors, electronic devices, other electronic
units designed to performthe functions described
hﬁElﬁH& » fMd “ifcl&@ ﬁﬁf\l'a‘?ﬁn{s Q&rr@(ﬁf arc {1&9%9 thllfé? th@detailed
firmvare and/ or software | nplenentation, the
techpiiquesheralpirhs thaserpiresert iegndéd fo hmnlq;lhsse {nea ganner similar to
ﬁﬁgcedyres functions, and so on) that performthe

T SROIGSNE i bed herein. The firmware and/ or
software codes may be stored in a WO 2008/ 057969
PCT/ US2007/ 083382 29 nenory and executed by a
processor. The nmenory nay be inplenmented within the
processor or external to the processor. [0090] The
previ ous description of the disclosed enbodi nents is
provided to enable any person skilled in the art to
make or use the disclosure. Various nodifications to
these enbodiments will be readily apparent to those
skilled in the art, and the generic principles
defined herein may be applied to other enbodi nents
wi t hout departing fromthe spirit or scope of the
di scl osure. Thus, the disclosure is not intended to
be limted to the enbodi nents shown herein but is to
be accorded the w dest scope consistent with the
principles and novel features disclosed herein. [0091]
What has been descri bed above incl udes exanples of the
various enbodinents. It is, of course, not possible
to describe every conceivabl e conbi nati on of
conmponents or net hodol ogi es for purposes of descri bing
t he enbodi nents, but one of ordinary skill in the art
may recogni ze that many further conbi nations and
pernmut ati ons are possible. Accordingly, the detailed
description is intended to enbrace all such
alterations, nodifications, and variations that fall
within the spirit and scope of the appended cl ai ns.
[0092] In particular and in regard to the various
functions perfornmed by the above described
conmponents, devices, circuits, systens and the |ike,
the ternms (including a reference to a "neans") used
to describe such conponents are intended to



correspond, unless otherw se indicated, to any
conponent which perforns the specified function of
W bh@sag™ey | bed conmponent (e.g., a functional PCT/US2007/083382

equi val ent), even though not structurally equival ent

to the disclosed structure, which perforns the

function in the herein illusirated exenplary aspects

of the enbodinments. In this regard, it will also be

recogni zed that the enbodi ments includes a system as

wel | as a conputer-readabl ¢ fpg§um havi ng

conput er - executabl e instructions for perform ng the

acts and/or events of the various methods. [0093] In

Addi tsiabmmedd:| e a particular feature may have been

di scl osed wth respect to only one of severa

hnp egggtagh on nﬁH%h feature nmay be conbi ned with one

mot'6 “BPHE 8 PUY'ES of the ot her i npl enent ations as

nay be desired and advantageous for any given or

parti gptozessappdrfigatddan serfdd ingicatdeto d et Opi@xéRITUE) to operate

that the terns WO 2008/057969 PCT/ US2007/ 083382 . 30

in} Greprdares, Wity Uli-GRINGHMNY P GRS YAPMAIRF & SR @sFicrgpltiplexing
%Hle' eﬂldecbtepgﬁf)nﬂ Pﬁ)cgﬁﬁ ﬂof"g tra §§1blﬁ) éc@f@e&’ ohﬂ‘ﬁe UE in
alns se terms ar inten e |nc usive In a

mrttanceswnh tiar intoatet! henltijgexmg sdwprel, sachg. " WO

2008/ 057969 PCT/U82007/083382 31 CLAIMS What is

clained is: g aratus conpri sing: a processor

COﬂfI&HF@HK¥8m§&ﬁUD ° PIRGFESti on to a user equi pnent

(UE) to operate in accordance with a nmulti-carrier

pul ti PheXpragateCHRNENOT, vehesdifl e camGIair dain@ér ridtiplicRin@stgne is

schenme, and to perform processin for a transm ssion
Pét@@gwaFmb@ﬁw@V@@mMu t‘é’lf‘é‘m‘go@ﬁ: W th the indicated
mul ti pl exi ng schene and a nenory coupled to the

Rroc e?ﬁ@& a?atusT f‘rvﬁ{e&‘e‘in gL s%ﬁ%@l&g i“@ggﬁ%’{i@ Qfeme is one

rul ti - carmi t|p éxi ng s

&f b@pahm@FIqunsy dnviMoh tNTplkipbeiximg (LEBDM or 18terldded Frequency
arahéﬁ f claj wherein the single-carrier
PP% ? <188 's one of Localized Frequency
Division Multiplexing (LFDM or Interleaved Frequency

4. The apparatus of claim 1, wherein the processor selects the single-carrier
multiplexing scheme for a low signal-to-noise ratio (SNR), and selects the multi-carrier

multiplexing scheme for a high SNR.

5. The apparatus of claim 1, wherein a UE is configured for single-input multiple-
output (SIMO) operation when the processor selects the single-carrier multiplexing
scheme, and for multiple-input multiple-output (MIMO) operation when the processor

selects the multi-carrier multiplexing scheme.

6. The apparatus of claim 1, wherein the processor semi-statically selects the

single-carrier multiplexing scheme or the multi-carrier multiplexing scheme for the UE.

7. The apparatus of claim 1, comprising a scheduler that dynamically selects the
single-carrier multiplexing scheme or the multi-carrier multiplexing scheme for the UE,

and sends the indication via signaling to the UE.



Division Multiplexing (IFDM. 4. The apparatus of
claim1l, wherein the processor selects the
W@ Rwghs9earri er rmultipl exing scheme for a | owCT/US2007/083382
signal -to-noise ratio (SNR), and selects the
multi-carrier multiplexing schene for a high SNR 5.
The apparatus of claim1l, whe32in a UE is configured
for single-input nultiple- output (SIM) operation
when the processor selects the single-carrier
gul ti @h@%ﬁoﬂlgatussmﬂﬁr 7,30 i Ehe'@éﬁa'liﬁ% @()Ilngﬁégs a mode bit having a
mul tiple-output (MMD) operation wheh the processor
St galtis ta mdicatel the¢ moltr-carger multiplgxlirexichgms ohe pezond valihéo
g}@fﬁa{ %us. of clai m‘é. wher ei}? t he processor
Alelhe gl S RIS RSN LR gl e- carri er
mul ti pl exi ng schenme or the nulti-carrier multiplexing
schenmghé @fpatd1es dEslaim/t, wiHeeei @ BRFIraéddSorQbsighsadomtiduous subcarriers
conprising a scheduler that dynamcally selects the
) they L& @agnq seglergarricpmaltipdying srdpme omndiagggns continuous or non-
O o ol e P '
o PR e MU R B BN R PR s
2008/ 057969 PCT/ US2007/083382 32 8. The apparat us of
t0.ai nTHe apaedted of ddien 5ivgreadin g roapsdrassges subckaribistto the UE
avi n first valye to.indicate the nulti-carrier
Ry Pg |a3%?t§&a%% i o5 hesiaglersrios MU Pgne pohimednd bpssd on a
SdcBEd EAmALI th&T foP e tohuli @%H 1Y niGABEng SehekRe appar at us
of claim1l, wherein the processor assigns continuous
subcarriers to the UE for the single-carrier o
bl t i Phespmigptecoieiaim hrvchesgis ihprgoesssarireeoes thy transmission from

aontd nuous,.subcarriers to.the UE.far. the [ti-carry
fif DB B R b el apfpup ind N Gy b kit ivFlro)
wéregtRinio bpetiafly QERISO AL GRcanSHRAGINthefranshidssidie UE
based on a first channel tree for the single-carrier
nmul tipl exi ng schene and based on a second channel
{#.ee B¢ 2nmeEtH PhGlaipal s mdiereay, theinspeesson grassrspat least one stream

; f ' . oL
e SR e L e B OB PRSI g processes a
Eattennather atnchnper the ntipte btrégpdsebaiserpont thewhiliighetco niybtiplexing
MO detection to spatially separate nultiple
BSms sent in the transmssion. 12. The apparatus of
claim 11, wherein the processor processes at |east one
$3.1 eafMhe hppakigs G1diinP] 22 whicF 8RR PP PBrib processing for the at
single-carrier nultiplexing scheme and processes at ,
leagione shieanpbassd ogtthesingleraries mmliinlpphe sdemsair bapiedessing for

¢ att Pe%stq)lljlletoltﬁe(r: Urldn§ badl loh Itl?el it rrier multiplexing scheme.
14. A method comprising:

sending an indication to a user equipment (UE) to operate in accordance with a

multi-carrier multiplexing scheme or a single-carrier multiplexing scheme; and

performing processing for a transmission received from the UE in accordance

with the indicated multiplexing scheme.



schene. 13. The apparatus of claim 12, wherein the
processor perforns processing for the at |east one
waeeasdbased on the single-carrier nultiplexi PGI/ESIveTE83382
prior to processing for the at |east one other stream
based on the nmulti-carrier multiplexing schene. 14. A
met hod conprising: sending amd3 ndication to a user
equi pnrent (UE) to operate in accordance with a
mul ti-carrier nultiplexing schene or a single-carrier
il €T pheXienDd D RBIR142M%he P& eﬁ[s'fﬂgng processing for a
transm ssion received fromth I n accordance wth
the indicated multiplexing scheme. WD 2008/ 057969
PCT/ US2@0ing 08338 e-cadict fultifHexingsdhgthedér &loay stgad-to-noise ratio
{ﬁﬁ@her conprising: selecting the single-carrier
’ %xi ng schene for a low signal-to-noise ratio
(SNR); and selecting the nmulti-carrier multiplexing
schenmg:lé@ihg ahdinghti-&NRer mdlGiplcAhgaphah@its EHPNRSI Ng:
means for sending an indication to a user equipnment
UE) to operate in_ accordance with a nmulti-carrier
| ti PRSRPHGIUS CABRESIBE a single-carrier multiplexing
schenme; and neans for performng processing for a
transgegsi @p sén%ﬁ%‘ MEAdiCAIR tb*&%sélﬁ:du‘fbm&ﬁ? @@EP‘ rafd fh
the indicated nultipl exi ng schene. . The appar at us
afcondaatenwith a nhultitdagrer corifpplesing gchenwama Sﬁttgle-saher:mmhg)lexing
the Si rfg e-carrier multiplexing schene for a | ow
noi se ratio (SNR); and neans for selecting
the mJItl -carrier multiplexing schene for a high SNR
18. Ampa@cfos p&forhﬁ@%j@bb@sﬁigdbﬂa frisnSi§sddt RPcived from the UE in
i nstructions operable to: send an indication to a user
gardsrenyith U indisals eratilering sdesicdance with a
mul ti-carrier nultiplexing schene or a single-carrier
[ ti hens :nr.ocessing for a
mjansﬂlg I%gat]?sgcel vgldﬂi’]?%r%&?%éﬁ%%ll % accordance with
the indicated multiplexing schene.

means for selecting the single-carrier multiplexing scheme for a low signal-to-
noise ratio (SNR); and
means for selecting the multi-carrier multiplexing scheme for a high SNR.

18. A processor readable media for storing instructions operable to:

send an indication to a user equipment (UE) to operate in accordance with a

multi-carrier multiplexing scheme or a single-carrier multiplexing scheme; and

perform processing for a transmission received from the UE in accordance with

the indicated multiplexing scheme.

19.  The processor readable media of claim 18, and further for storing instructions

operable to:

select the single-carrier multiplexing scheme for a low signal-to-noise ratio

(SNR); and

select the multi-carrier multiplexing scheme for a high SNR.



19. The processor readable nedia of claim18, and
further for storing instructions operable to: select

W@ b@8o57196d e- carrier multiplexing schene for a POMUS2007/083382
signal -to-noise ratio (SNR); and sel ect the
mul ti-carrier nultiplexing scheme for a high SNR WO
2008/ 057969 PCT/ US2007/ 08338234 34 20. An appar at us
conprising: a processor configured to process a first
transm ssion received froma first user equipnent
=) kﬂagﬁ&gﬁggg&gﬁgh h a single-carrier multiplexing
schene, d to proces a second transm ssion received
froma second UE in accordance with a nulti-carrier
mul t i pbracessgr eutignesd tamdocasainst frasouipdiadrecg vedhiom a first user

roces 21. The a atus,of claim.20,.wherein th
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a second tine interval. 22. The apparatus of claim
poltinkpidngsdhicmieansk ocessor receives the first
transm ssion on a first set of subcarriers and

recei .SSi on on a second set of
subca??ﬁgﬁgfcégﬁ&gﬁéhé p2§%§is of claim 22, wherein
the processor perforns discrete Fourier transform
2DFT) Thoappacais/efictlaani], edietan distpaoaessor egpeprs thedonetransmission

S ols for the fjrst d second sets of subcarriers,
BUTRSH Rt gt L ey g he G Montiinert ngbrao fimS ferval,
synbols fromthe first set of subcarriers to obtain

pecei YREasparh@d &f dlam 20)evhktdi®the prd @B ERIVRE thedidk transmission
provi des frequency-domain synbols fromthe second set

off a fissisetanf siqasrieys andrcspivedths yedsnr drapgpissine o8 @ segmid sct of
%ﬁﬁg&ﬂ}ésion. 24. The apparatus of claim 20, wherein

e processor receives the first and second

transm ssions via multiple antennas, and perforns

PRl t i pheappapais ofidldimi? e sdigtgimithe piddebddr pdedeyt dismett Fourier
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In accordance wth a single-carrier nmultipleXing
syahledefromrttle first set of subcarriers to obtain received symbols for the first
transmission, and provides frequency-domain symbols from the second set of

subcarriers as received symbols for the second transmission.

24.  The apparatus of claim 20, wherein the processor receives the first and second
transmissions via multiple antennas, and performs multiple-input multiple-output

(MIMO) detection to spatially separate the first and second transmissions.
25. A method comprising:

processing a first transmission received from a first user equipment (UE) in

accordance with a single-carrier multiplexing scheme; and

processing a second transmission received from a second UE in accordance with

a multi-carrier multiplexing scheme.



processing a second transm ssion received froma
second UE in accordance with a nulti-carrier
WOorehosog1oexi ng schenme. WO 2008/ 057969 PCT/ US2000¢ DBSB82083382
35 26. The nethod of claim25, further conprising:
receiving the first transmssion on a first set of
subcarriers and receiving th¥ second transm ssion on
a second set of subcarriers. 27. An apparatus
conprising: neans for processing a first transm ssion
secei Yadnl MR ofairh 95, #5@Er &irRIRAL  (UE) in
accordance with a single-carrier I tiplexing schene;
and nmeans for processing a second transm ssion
reseigingelic firso framsngisionon Wlrstnet efcobradagisendvi t h a
mul ti-carrier nultiplexing scheme. 28. The appar at us
Olec &3 T &ond UL AL SOIDL L8NG (T3NSR T €€l Vi ng
FHE Ve Y PP ans iSSP on Oh 87T 8¢ &t G Clibcarriers
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3econdnspparafus solpasingers. 29. A processor readable
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2008/ 057969 PCT/ US2007/ 083382 36 perform processing
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mul ti pl exi ng

29. A processor readable media for storing instructions operable to:

process a first transmission received from a first user equipment (UE) in

accordance with a single-carrier multiplexing scheme; and

process a second transmission received from a second UE in accordance with a

multi-carrier multiplexing scheme.

30.  The processor readable media of claim 29, and further for storing instructions

operable to:
receive the first transmission on a first set of subcarriers and
receive the second transmission on a second set of subcarriers.
31.  An apparatus comprising:

a processor configured to receive an indication to operate in accordance with a

multi-carrier multiplexing scheme or a single-carrier multiplexing scheme, and to



schene; and a nmenory coupled to the processor. 32. The
apparatus of claim 31, wherein the nulti-carrier
woreiosogioexi ng schene is Othogonal Frequency BET/US10071083382
Mul ti plexing (OFDM . 33. The apparatus of claim 31,
wherein the single-carrier nmultiplexing schene is one
of Localized Frequency Divisidm Miltiplexing (LFDVM or
Interleaved Frequency Division Miltiplexing (IFDV.
34. The apparatus of claim 31, wherein the processor
ga@&npﬁl{)@esglﬂé O RHRN RN, iR YRGRA I WithfRE iddf@ited rnultiglexing
Ingle-carriéer nmultiplexing schene, and naps data on
samicnasus or  non- cont i nuous subcarriers for the
mul ti-carrier nultiplexing scheme. 35. The appar at us
of claim31, wherein the processor sends a first pilot
sequeﬁg§nF¥yC?Wé?4§°ﬁg?8¥%§¥??er mul ti pl exi ng schene is
sel ected and sends a second pilot sequence if the
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6%£aratus of claim 35, wherein the processor generates
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sequence. 37. The apparatus of claim 35, wherein the
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mul ti plexes data with pilot in a multi-carrier synbol
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39. The apparatus of claim 31, wherein the processor
ghbicpirierssfos thicj singtl c-sgrppomutiiptexin sosshemerand anaps glat@ on continuous or

b G e A e T e L T
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36. The apparatus of claim 35, wherein the processor generates the first pilot

sequence based on a polyphase sequence.

37.  The apparatus of claim 35, wherein the processor generates the second pilot

sequence based on modulation symbols from a modulation scheme.

38. The apparatus of claim 31, wherein the processor sends pilot without data in a
single-carrier symbol if the single-carrier multiplexing scheme is selected and
multiplexes data with pilot in a multi-carrier symbol if the multi-carrier multiplexing

scheme is selected.

39. The apparatus of claim 31, wherein the processor utilizes a first symbol duration
for data and utilizes a second symbol duration shorter than the first symbol duration for

pilot.



multiple streans received in a transm ssion. 41. The

apparatus of claim 11, wherein the processor processes
W@R00BO569 one stream in the nultiple streans PEBHE/00T083382

the single-carrier nmultiplexing schenme and processes

at least one other streamin the nultiple streans

based on the multi-carrier mg8#iplexing schene. 43.

The apparatus of claim 12, wherein the processor

performs processing for the at [|east one stream based

af theps algﬁkeﬁuscé’fr didiff 3 anhtefe% e gﬂ&cfﬁ&ﬁ‘ SORWRE R indiRation via

processing for the at |east one other stream based on

sigealmglftam ed¥adedd. nul ti pl exi ng schenme. 44. The

apparatus of cIain141 wherein the processor transnits

pIu It reans a
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bpktie- carrier multiplexing scheme. 47. The apparatus
of claim45, the plurality of data streans nodul at ed
in accordance wth the single-carrier multiplexing
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mul ti pl e antennas. WO 2008/ 057969 PCT/USZOO? 083382

38 48. The apparatus of claim45, the plurality of
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streams.

46. The apparatus of claim 45, wherein one or more of the data streams with low
SNR are modulated according to the single-carrier multiplexing scheme while one or
more of the data streams with high SNR are modulated according to the multi-carrier

multiplexing scheme.

47. The apparatus of claim 45, the plurality of data streams modulated in accordance
with the single-carrier multiplexing scheme are transmitted from one of the multiple
antennas while the plurality of data streams modulated in accordance with the multi-

carrier multiplexing scheme are transmitted from at least two of the multiple antennas.



50. The apparatus of claim45, the plurality of data
streans nodul ated in accordance wth the

wapeglosroecarri er nul ti pl exi ng schene are transnPCT/E82007/083382
fromat least two of the nultiple antennas while the
plurality of data streans nodul ated in accordance wth
the multi-carrier nmultiplexid3®yy schene are transmtted
fromone of the multiple antennas. 51. A nethod
conprising: receiving an indication to operate in
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conprlses mappi ng data on conti nuous subcarriers for
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data on conti nuous or non-continuous subcarriers for
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schene. 55. A processor readable nedia for storing
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performing processing for transmission in accordance with the indicated

multiplexing scheme.
52. The method of claim 51, wherein the performing processing comprises

mapping data on continuous subcarriers for the single-carrier multiplexing

scheme, and

mapping data on continuous or non-continuous subcarriers for the multi-carrier

multiplexing scheme.
53.  An apparatus comprising:

means for receiving an indication to operate in accordance with a multi-carrier

multiplexing scheme or a single-carrier multiplexing scheme; and

means for performing processing for transmission in accordance with the

indicated multiplexing scheme.



perform processing for transm ssion in accordance wth
the indicated nultiplexing schene. 56. The processor

w0 eadadioe medi a of claim55, and further for SPOI/US07/083382
instructions operable to: map data on continuous
subcarriers for the single-carrier multiplexing
schene, and map data on cont3%uous or non-conti nuous
subcarriers for the multi-carrier nultiplexing
schene.

54. The apparatus of claim53, wherein the means for performing processing

comprises

means for mapping data on continuous subcarriers for the single-carrier

multiplexing scheme, and

means for mapping data on continuous or non-continuous subcarriers for the

multi-carrier multiplexing scheme.
55. A processor readable media for storing instructions operable to:

receive an indication to operate in accordance with a multi-carrier multiplexing

scheme or a single-carrier multiplexing scheme; and

perform processing for transmission in accordance with the indicated

multiplexing scheme.

56.  The processor readable media of claim 55, and further for storing instructions

operable to:

map data on continuous subcarriers for the single-carrier multiplexing scheme,

and

map data on continuous or non-continuous subcarriers for the multi-carrier

multiplexing scheme.



