JO NT USE OF MULTI - CARRI ER AND SI NGLE- CARRI ER MULTI PLEXI NG SCHEMES
FOR W RELESS COVMUNI CATI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] ThivéO 298058t i on cl ai ns the benefit of priority ubfdEPS287/0§3832C,
Section 119 from U. S. Provisional Patent Application Serial No.

60/ 863,885 entitled "JO NT 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 entirety of which is incorporated hereby by reference.
BACKGROUND OF THE | NVENTI ON [ 0002] Wrel ess comuni cati on systens are
wi dely deployed to provide various types of comuni cations such as
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[0002] Wireless communication systems are widely deployed to provide
various types of communications such as voice, data, video, etc. These systems may be
multiple-access systems capable of supporting communication with multiple access
terminals by sharing 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, orthogonal frequency division multiple access
{OFDMA) systems or SC-FDM. Typically, a wireless communication system
comprises several base stations, wherein cach 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
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not be well suited for sinultaneous delivery of high speed signals
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channel . A frequency selective channel occurs when a transmtted
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[0005] SC-FDM systems are similar to OFDM systems as they use different
orthogonal frequencies (sub-carriers) to transmit information symbols. However, in
contrast to OFDM systems, the information symbols first go through a DFT
transformation/spreading before going through the tone mapping and IFFT. This
operation reduces the fluctuations in time domain and leads to lower 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.



[ 0006] The followi ng presents a sinplified sunmary of the clainmed
subject matter in order to provide a basic understandi ng of so
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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-
carricr 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,



[0011] I n accordance with a further aspect, the schedul er can al so
dynami cally sel ect the single-carrier nmultiplexing schene or the
nultl-caﬁYgéWwﬁﬁ?¥?pleX|ng scheme for the UE. It sends BAUPROPEELEEN
of the selected schene via signaling to the LIE. The signaling can
conprise a node bit having a first value to indicate the selection of
a multi-carrier nultiplexing scheme or 4 second value to indicate
that a single-carrier multiplexing schenme has been sel ect ed.
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received at the Node B from a UE, the processor can process data streams modulated

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)



[ 0015] O her aspects relate to generation of pilot sequences at the
TI E depending on a selection of the nultiplexing schene. If a

si ngl e- cAYQ PWBORRIFL i pl exi ng scheme is sel ected, the proREeSYRAI0ERI382
generate a first pilot sequence based on a pol yphase sequence.
Additionally, the processor sends a pilot without data in a single
carrier synbol if the single-carrier nuftiplexing scheme is selected.
In contrast, if a nulti-carrier multiplexing schene is selected, data
can be nmultiplexed with the pilot synbols in a single nmulti-carrier
synbol . [ ORdbdcldreing elid raultingnédesauliiplekiag salitahnd foe 2 annewesiont with high BR.
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[0017]FIG 1 shows a wireless communi cation systemw th nmultiple Node
Bs and nul pigsksseudase tockputirpmmmittest. (RoEsxamploohe e coulgd Aegiesmssed using a

subcarri er mstztltq—lcj,‘gtlnlélt renuhﬂa?éxirilgsscﬂgr%g s&ccflr as%%x%ﬁgrre%i B i ?napped to one of
continuous or discontinuous subcarriers or a single-carrier multiplexing scheme such as
LFDM wherein data can be mapped to continuous set of subcarriers. The UE can
switch between the two different schemes either semi-statically or dynamically based on
the indication received from an associated Node B. In a further aspect, the UE can
employ different multiplexing schemes for different layers in a MIMO operation, if it

transmits a plurality of data streams having different SNR values.

[0015] Other aspects relate to generation of pilot sequences at the UE depending
on a selection of the multiplexing scheme. If a single-carrier multiplexing scheme is
selected, the processor can generate a first pilot sequence based on a polyphase
sequence. Additionally, the processor sends a pilot without data in a single carrier
symbol if the single-carrier multiplexing scheme is selected. In contrast, if a multi-
carrier multiplexing scheme is selected, data can be multiplexed with the pilot symbols

in a single multi-carrier symbol.

[0016] The following description and the annexed drawings set forth in detail
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.



an enbodi ment. [0019] FIG 2B shows a subcarrier structure that can be
used for SC-FDM in accordance with an aspect. [0020] FIG 3 shows
bl ock di 3P 2¥#PE8F7%6he Node B and two UEs and in system T%ﬁ?ﬂ“lﬂ/@”fﬁA
shows a bl ock di agram of an OFDM nodul ator which is used in
accordance with an aspect. [0022] FIG 4B shows a bl ock diagram of an
LFDM nodul at or whi ch can al so be used i A accordance with anot her
aspect. [0023]FI G 5A shows a bl ock diagram of an OFDM denodul at or.
[0024]FIG 5B illustrates a block diagram of an LFDM denodul at or.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows a wireless communication system with multiple Node Bs

and multiple user equipments (UEs).

[0018] FI1G. 2A shows a subcarrier structure that is used for OFDM according to

an embodiment.

[06019] FIG. 2B shows a subcarrier structure that can be used for SC-FDM in

accordance with an aspect.

[0920] FIG. 3 shows a block diagram of one Node B and two UEs and in
System.
[0021] FIG. 4A shows a block diagram of an OFDM modulator which is used in

accordance with an aspect,

[0022] FIG. 4B shows a block diagram 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.



[0025]FIG 6 illustrates an aspect which is referred to as

sem -static separation, wherein a HE is configured for operation in

t he OFDMWRAWSHF7%EDM nmode in accordance with differ ent PaYPeropy08sss2
[0026] FIG 7 is a nethodol ogy of conmunication associated with a
different aspect, which is referred to as dynam c schedul i ng.
[0027]FIG 8 is a flow chart that detai’s operation of a scheduler in
accordance with an aspect. [0028]FIG 9 illustrates a diagramof a
channel tree conprising B = 16 subcarrier sets in the first tier that

can be use¢020] assi gRIG eRol hdwbtinekidustratiag a andkotidéo gy dfBclasdubispedhg
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subbands to improve performance.
[0030] FIG. 11 is a methodology of communication 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 systems.

[0031] FIG. 12 illustrates another aspect that relates to incorporating the

advantages of OFDM/LFDM schemes within a communication system.

[0032] FIG. 13 is a methodology of transmission utilized by a communication
system when transmitting in LFDM mode in accordance with various aspects detailed

herein.
DESCRIPTION OF THE INVENTION

[0033] The claimed subject matter is 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 the claimed subject matter. It
may be evident, however, that the claimed subject matter 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 the claimed subject matter.

[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

3% 48 3 L

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



[0029]FIG 10 is a flow chart illustrating a nethodol ogy of
schedul i ng_usi ng subbands to i nprove performance. [0030]FIG 11 is a
net hodol ZW’O%Bﬁs}mni cation that utilizes various aspedtSUsReLHesHRq
herein to inplenment OFDM LFDM schenes within a MJM MO systemin
order to take advantage of features within both the systens.
[0031]FIG 12 illustrates another aspec§ that relates to

I ncorporating the advantages of OFDM LFDM schenes within a

comuni cation system [0032]FIG 13 is a nethodol ogy of transm ssion
utilized byirauitcemobincicad exaousiplet ethreddart ckeanisn] 4 progouni, and/pDiVcompheer. n
accordance_wi th vari ous aspects detailed herein. DESCRI PTION THE
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order to fHerdont dhe compendnis may coremunigiteds veayh)idetal ped/prsiemote processes

such as in accordance with a signal having one or more data packets (e.g., data from one
component interacting with another component in a local system, distributed system,

and/or across a network such as the Internet with other systems by way of the signal).

[0035] Various embodiments will be presented in terms of systems that may
include a number of devices, components, modules, and the like. It is to be understood
and appreciated that the various systems may include additional devices, components,
modules, etc. and/or may not include all of the devices, components, modules efc.
discussed in connection with the figures. A combination of these approaches may also

be used.

{0036] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration." Any embodiment or design described herein as "exemplary” is
not necessarily to be construed as preferred or advantageous over other embodiments or
designs. The word "listening” is used herein to mean that a recipient device (access
point or access terminal) is receiving and processing data received 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



[ 0034] Vari ous enbodi nents are now described with reference to the
drawi ngs, wherein |ike reference nunerals are used to refer to |ike

el enent s WORWSIHEEH . In the fol | owi ng description, for WB%’Q%O%?SZ
expl anati on, numerous specific details are set forth in order to
provi de a thor ough understandi ng of one or nore aspects. It may be
evi dent however, that such enbodi rrent(s? may be practiced w thout
these specific details. In other instances, well-known structures and
devices are shown in block diagramformin order to facilitate

descri bi ngpmheblhsﬁcmnfeeerm&bmlﬁ amasiﬂerjngﬂﬁsplspdctioms bﬁhighmb ppecttlivointy, tihthe
terns "conponent ‘and t i ke al’?ﬁﬁl nt.ended to

refer to atUBHHEE aPcer@m&’ g’dussﬁs@%,andelmeﬁa?n% P’@\v@a\ﬁa caty alsQElerdo 5
combi nati o r

executi on. &E%EI @%a%ﬁi e, dgeg%&rrlg%&nse lﬁghé(?é\;et{\@{}&ts ?ﬁmfﬁe{ i imt mls and/or
being, a pd@t@eSBcfrmfmcrmg rcﬂmltaupirha@esﬁmctmlaom@cmtsrqr aaﬁnonsrfrcegaatted
8 circuit ead o} exec

pr ogr am - RGBS U BRRero o <fely Sue MhrnETiraBt Of <Vat: pgrated in

appl i cat i oplokdHRpaehl BroxdmRP At ighed ehe SenBRHd HAE cERBIN Bk Slavl&al
can be a conponent. e or nore conponents can reside within a

process anéY@talnd]ﬂ%@&mmeSexecutl on and a conponent nay be |ocali zed
on one conputer and/or distributed between two or nore corrputers

addi tion, conp E%p;§ g:_cliﬁg I e
medi a havi L‘gﬁvgrl ou at a sfe?t%@?&t}ir%gdglg %%%‘{rrgg}: Sfcﬁ%&)fﬁe e Co t1%r§\§ﬁﬁlﬁ
may commnsulﬁbxebdwtamy af subsieidler statrotanratspticaaede eEsEs, assubkbr@Sr umt
accordance with a sig fg}l havi ng one or nore data gacketai tla
from one cBIBURERAECT MALHMF HAHM- AFSEHRANT EfRIR KRR a5edsB ichminel,
system di ﬁ§err'tc1 Hied YR, a‘%@&l d%rvm‘%clrn ife @evileel P‘?ﬁa’f) Aicidiis device,
Internet wth other systens by way of e si gna 035] Var1 ous
enbodi nent sr wdek bqibpmpnte fentbackiben staaommagﬂ)eaysﬂeiastctelphonmycordh@sb ude a

nunber of d Vi.ces e and the |i

inder st ood SO EanBE Ban it oo Y GTent goviestEsasy! fasdi iad°

addi ti onal sggyi, @8%rsoRAMMSRE AiSstarTPPADAG Sy hadliBeld ABFEOhavIBY witBlesd NCl ude
all of the devices, conponent s, nodul €s etc. discussed 1n connection
with the fpgfuwetsqn Rpelitity, naoﬁhohpr@ﬁesstmgsi@vmpp@mcﬁééo amgrekgss modemused.
[0036]The word ' exenplary is used herein to nean serV|ng as an
exanpl e, o] 0 e

descri bed ﬁ@%ﬁ n as L%%%%%?ééﬁbhs%mﬁ%€9%%§§§%3%| glﬁ%ﬁ frued as

pr eferred ﬁﬁpl@ﬂl\éﬂtﬂﬂ age aieshooly efpagdths lor ezmﬂamobfnmm&carre daﬁg giasdardhe word
"listening” 1s used herein to pean that a reC| pi ent deV| ce (access
poi nt or aPFEEMPEIEANAAN prgigegriedechnifican fhs icgae adiclkpigaanyfacape) paed

on, 2 91 venyehangsliend- 495 ariUPARRRE! Sobath Acegse{b@@fraﬁlean{v%&gﬁeape

schenes an r tech ues 1 n connect transitioning
conmuni cat readalbledevics eameﬁ;s)rtmse@lmh rﬁw@xampteheammnmféadaﬂ)hrmeme ‘Car e kuls

generally to the process of reasoni ng about or, ipferrjn t ates of.
PheC Syt SbUEe PPIHRLTO Heels o omer Trriom & soderdinh dloahy Hfomtetic
captured vig @Vgn&;ﬁlcﬁﬂﬁéi%r(e%tc@mph&fcﬁfm &%ﬂal%rs%ﬂl%lcﬁéd@((ﬂ)\?@) ), smart

identify a specific context or action, or can generate a probabi lity
di stri buti cardenaad fleslamesory dmfl@séergl, eardewk; Ifyetrbece). dedvithanally, various
probabilistic -

B o but § Sl et dds oSSR IR o of a8 Rtes by aherpashipes
and event s readhble fidsd P stol 8L ifbintatioBU Thetdieh ‘tR@Rine-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



9 probabilistic inference, and considering display actions of highest

expected uti Iity,/ in the context of uncertainty in user_goals and
i nt ent i o0 2408026 hce can also refer to techni ques enpl¥yBHS30B}083382

conposi ng hi gher-level events froma set of events and/or data. Such
inference results in the construction of new events or actions froma
set of observed events and/or stored evéht dat a, whether or not the
events are correlated in close tenporal proximty, and whether the
events and data cone fromone or several event and data sources.

[ 0038] Fur t heveforre in LEE] dissveas acorseaibendeaar lolydth Remeb RFDM asmmhecto wh

eyStem o S GHUBRPRRR SR bHdh PRERp s AL HORTIEE S G op
access poi i } i r
P Eghedlgg{ggggfaﬁ%%‘i {ﬁgéogqe@ﬁgﬁﬁ StHeP MM carHél%uftfg%% cheH&E

agent, a user i ce, portabl’e comunic s devi Ce,
or user eqeighrae@QEDM, pobsierflednlitytaatictirns geoptdydink ctfedi¢nglyaV atiehiepistene,

a cordless telephone, a Session Initiatiqn Prgtocol (S|P one, .a
el ese. | BEPOROG e eRare S B rein Tt epmprats boB iR viftmes
(PDA), a hahghel dEdQyiae demithe I HRIFTR SROASCH e GRRBIRINhd kifile OF

ot her processing device connected to a wireless nodem

[ 0039] Mor eavasking iseH dditke Bepbititsassecistedithdhe ofdeiicheme Aldroaih, spegifibe

i npl enent e : t.ho p tus,: i f r i ng
Standard prBamTR ntr SRR B S e T e TR NS
of manuf achpyreciatas thas BRDME R alkoi bR utilit&hfde thddalaERg SIFAELS $n ardeOiRblter
program accessi bl e from any conputer-readabl e device, carrier, or

nedi a. For adseainge ef thegpponersreeadetpile iEeina can incl ude but are not
limted to nmagnetic storage devices (e.g., hard disk, floppy disk,
magneti c Stgg4Re- - - hgal, (i : i ; - Al gi-tal
versatile qug EF( D\?IZI))G q%b&[gﬁa‘?l!tr ag%r‘%gfn%ﬁﬁ%?ﬁggﬁgnﬁggg Ir<v§,/&}(gzl:ep%/ulhéﬂ(:aiés HokieBs
(e.g., card}o sid mkitipkeysededquipmenty (UBgdi20i gnhblly B iv gerepally sfingdagmion that

medi a descri bed herein, can represent one o re devices / or e
Tachi ne- r e GIEVBLHEA AN B UES B RGP HRIFBH (0 i pinsed Node B (éniode
"machi ne-r gadalphe KRGAH N £RBssI RGHUICR, PhéNRWHe BT 0 phdvilidsebriRunication
wi rel ess channel s and various other nedia capabl e of "storing,

cont ai ni ngcoemaedor & aartigillaygéagsaphicaican{hy teaamdicell” etrgfer to a Node B and/or
[ 0040] Reducti ngVI?APeR } S Cffl? consi dert gl e tfatctno\rv fC r uql i nkS %re nsmi siisni ons,
wher e usagésc9 ?Fi% B(?\?Ve PEYS £ite r‘f(%&é {p Blé oﬂﬁf:i w2 &4 5 E. P
Therefore, sWa@cﬁﬁ,®NM@3 chii@atd 885 Ha§ S PartRdYES DEdnuBipleifthdl¥E Sreas,
due to its | ow PAR advant age over )

e.g., three smaller areas. Each smaller area may 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 Node B for the cell.

[0042] UEs 120 may be dispersed throughout the system. A UE may be stationary
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 uphnk (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.



10 waveformin LTE. However, in order to maintain | ow PAR, each LFDM
user has to use a contiguous frequency band, which inposes additional
| oss and WHEI%8Q7BPY ity in scheduling operations. In conwpgzgmmsétsﬁer
mul tiple carrier multiplexing schenmes, such as OFDM provi de
flexibility as well as greater |ink ef fjci ency. Various systems and
met hods of communi cation are discl osed Herein that incor porate both

t hese schenes so that a LIE can take advantage of | ow PAPR associ at ed
with one schene while availing itself of the flexibility associated
with the of(0d8] schensystead tdrmntrglﬁe;r siﬁ@chmycccarptmdb nmdiotls Bavdlbeed provide

described with. LFDM as t he it c e i at ed
Chat | Powt Eondiaflen et sortolign hess Nedadtoa: PHCEi GRAPLEH 1OGRAE beh Shele
take advanhaggrotndtd %r\éaéd11ee$or@§ﬂ0§&tv§rkdettﬁiet eqboh %rcﬁ'stﬁbu{egoﬁeﬂlt:écgﬁre Lthe
shows a wirel ess communication system 100 with multiple Node Bs 110
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cover age aféditigppsidiP 4o poranicaiion KYstem onpios arhd ksapay pepngsierCOMA
| npr ove Sy?%v%@eci%#aﬁbﬁ with Mldﬁelﬁof%?lh@#ﬁ re@% ?@hﬁﬁ?y be partitioned

into multiple snmaltle rea er areas. Each smaller
area may be served by a respective base transcei ver subsystem (BTS).
The term " §6adpr " Tian tecthequet odaciBicd drdinr may sbeovedade amseaus wireless

dependi ng on the, context in ich the ermis used., For a sectaorized
col |t ha BREURSAIGH RYLERE GHEN Gf THAP CACPSSap R BRI §Y G et G

within t heg #ﬁé{ﬁs Bwfrgl"esst r’t?cai:%lréa nEQRHE] g ARG, Ry ben i SRR 88Gtems” and

t hr oughout e system E may be stationary or nobile and may al so
be ref errednettwods”a;rmﬁem else.t attfrrohan(ghﬁ)ly aA mobliiple-asqess piystam (vE)utiliae a

term nal, acesster tion (ST tc., A y e
a cellul ar “Bh%‘ﬁ% ac%?sﬁ)egtc Isut(iﬁng &?)d tvéstl%thtﬁ @ék) %cﬁe%i F@E@ Tifre
conmmuni cat ipRs@e VM Ripld A&sﬁh@mﬁgve%we@ys@bﬁ%h bEhltp tAccéss (FDMA),
w rel ess nodem a | apto conput er, “etc. comruni cate wth

zero, one, %oma.@mwme)oslmmmmm "BPM), ichlc 4y majple-

gi ven nonent. The, downl i (. fo

Qommunt cat FETY T i e s BB QO el RinfiocbR Sl nes, oo or

reverse |i pdore nehlepR-dc@esshsehemeanfod ¢lgd idownlihiokanlir one bh&ndﬂESmtzblpﬂdflﬁzceSS

Node Bs. In the follow n rg(description, the ternms "LIE" and "user" are
1

used i nt er é¢hEEYS ‘kﬂt?e“P [ 0043] A system controller 130 may couple to
Node Bs 110 and provide coordi nation and control for these Node Bs.

Syst em contggfs :]telreﬂsi%P 2Bl aasw.ﬁ’)b leestﬁ?ctmerzbo%t'caa{be uséd Fo?'dmw Ofhe

of network  ent For a |str| uted architecture, the Node Bs may
comuni cat eysterh I’mamttladﬁnistplaetrnoasd nﬂe&{elmal lswbcaomees, aeetpdctr@y bt hesignedtindrees

may support | tipl r ot oc such as
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the other. dihiaddbhb@Rtion "KGE RNV FRFI0I £atfa@Fobks!t @MsRie (@FTW&@ O

may support a reverse link, along with or in lieu of an

reverse | i maksubset of the K total subcarriers may be usable for transmission, and the remamlng
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



[ 0044] The techni ques described herein may be used for various

wi rel ess_communication systens such as nultipl e-access conmuni cation
syst ens, "W ONGEAE systens, wirel ess |ocal area networ KECYI2RARKYS3382

etc. The terns "systens"” and "networks" are often used

i nterchangeably. A nultiple-access systemnmay utilize a

mul ti pl e-access schene such as Code Di vision Ml ti pl e Access (CDWA),
Time Division Miultiple Access (TDWVRA), Frequency Division Miltiple
Access (FDMA), Othogonal FDVA (OFDWVR), Single-Carrier FDVA

(SC- FDWR) , PefXx< KA Irol ekpheeanibssl $ymie mciraly saubsarietsi | ttlweugh P, subband 2
conbi nati on of nultiple-access schenes, e.g., one or nore )

mul ti pl e- aB@ESBClEdn sHecarnas £ hé Gewmahi P @%dwoﬁ@. gid gghtbend Q may include

mul ti pl e- a&ﬁa%ﬁﬁiefscﬁe—”g%éft ‘{?é‘%ﬁlkum i nk. [0045] FI G 2A shows a

subcarrier structure can be used for OFDM The system
bandwi dth is partitioned into K total subcarriers, which may be
assigned i [(4Gks dIGL 2Bhshougha Kubchmicgatrectate, 210 dan nxg lanysednioe §E-FDM.,

val ue but | ypi cal a power, of two,to sinplif 0 tatiqon. Kis
o ref er fBeK Bl Subdhriad T wrengraite 3 boueed plogRD By, Hich fesotree
subset of phek KnkPtinkiugdBe AlohtiRkcus MBbcRSicHS A rdsBfirch ABATISS $1a9N incARE
the remai ning subcarriers nay be guard subcarriers wth no

transm ssi subcamgra(fspBeN-i k theseghdl - & , fkr iy, Be...dhubd ganorab 1P andiBdn®0each

subcarriers may, be usable for transm ssion. For sinplicity, the
fol | owi ng BR3eY Infigebialae s drasPenae xmpls N sray besygmalderliZend Bapay bs gapnad

for transmcsd Qfen b AERR Mool AUTHELRT 2 YRERE WK AAAGHY Ao

of the K tot subcarriers nay be assig to a
transm ssi onit of &bchrigrhatrean bexalopdte] tosuUBandl tilis oapy, 4 UE maebe allocated an

subcarriers 1 through P, subbapd, 2 nmay include supcarriers P +1 )
t hrough 2PMIEATH n&@%ﬁ?&?ﬁ%‘“ﬁ%%ﬁ%ﬂ & BERrralnaiy gen aFnfIBpQusisubCyprigrs

t hrough K n{ag%%ﬂus%&d %5 SIEONR! Rsed UBE BEDME frasdrhidGbN Wil ifB?ﬁlSngéBé‘raQQ

used for SC _ e Ktotal subcarriers may be arranged Into
resour ce bbdekgictRBa)be Bsighed wsoUEqesdsiabakwith JFDNcichdme NDierennUiBsisay

subcar T er g, a0 SHANLE Subh g R lEidLe! ude

[0048] OFDM has certain desirable characteristics, including the ability to combat
multipath effects that are prevalent in a terrestrial communication system. However, a
major drawback with OFDM is a high peak-to-average power ratioc (PAPR) for an
OFDM waveform, 1.e., the ratio of the peak power to the average power for the OFDM
waveform can be high. The high PAPR results from possible in-phase (or coherent)
addition of all the subcarriers when they are independently modulated with data. The
high PAPR for the OFDM waveform is undesirable and may degrade performance. For
example, large peaks in the OFDM waveform may 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.



subcarriers (b - 1).N +1 through b N, forb =1, 2, ..., B. In
general, N and B may each be any integer value. As a specific

exanpl e, WP AXOB%%qual to 12 and B may be equal to 25 MHEHSZAHHI8I82
usabl e subcarriers are avail able. A resource block nmay be the
smal | est unit of subcarriers that can be allocated to a HE. In this
case, a UE may be all ocated an integer Hunber of resource blocks. In
general , any nunber of continuous subcarriers nmay be assigned to a UE
and used for LFDM transmi ssion while uniformy separated subcarriers
can be assFgieambee, $OEDY dowsi att ddveni thivh FORR ssirive meodubitfohesyerbolsUEs sent

may be assigned different f arrier 04810-DM has ..

Cortai n dedtmanre rnEaer PO, TheRRBERRgn Sherb Vg o b agtion of
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system Howevefr, a major drawback wth DMis a hidgh peak-to-average
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| arge peaks 1 n the wa rmw t'hout generating excessive distortion.
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Quadrature Anplitude Modul ation, etc). However, the tinme-domain

modul at i on cEjaxnsy ©fi OFIRY Rovigh SNE seraatios el sartho PARR advaatagaf SC-

due to a nen-fl.at, c nj .Jon channel. Equalization may be

per f or med %ﬁ’%ﬁ%%@%&%ﬁ@{}%o| s to mtigate the deleterious effects
of intersynbol interference. [0050]1n an aspect, OFDM and SC- FDM
(e.g., LFDWOSTRY bia gsedalf eyt SEREDMVE Sichemomay diev ased ijoikitly ewgh OFDM.
uplink) In_geperal, link efficiency of an OFDM wavef or xceeds. t hat
of an SC FBMUEVORS DM PresbcaPinfyi AL (P ORe B PE DGrosdiink,
by a | ar get, pouane AL LheHoDARKO! For Qi RS BAMCSEIERIN: SRS
has a | ow 8}&@% a \elglﬁgage ov%r O:DMOForrl s wth ﬁi gh si ggnal -to- no]"i se

rati os ( SNRsihtusehd GHDY ahéy#DNannhaoipl@®kDM may exceed t he PAPR
advantage of SC-FDM By utilizing both OFDM and SC-FDM the system

may benefi m t igher |ink efficienc OF or . hi

soanari oo SO .4 ENSlaablas Shdeitin S Phedaderiy O Ry Nl oo ana
scenari os. 1p0P% siseerer aNodany 18C1EBMipsdte eth IR (Bed )jaatdahhy 326a
with OFDM Furt hernore, OFDM and SC-FDM may be jointly used for_the .
upl i nk, or threegkidtl i Bk, 128k ipequipradewith kisiiela Al dbv#itear 358sr UE 120y is
clarity, h. f . i Lipti .S fOr,y0i

and LF)E/)M g‘%ﬁ}“ﬁgédu%’%nr&&hb%w rRY 19%%%1]1193 590 t’h?ougﬂ 350P1 Bhe! §ﬁ“teﬁ’t{a I%We a

physical antenna or an antenna array.

10053] 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



[0052] FIG 3 shows a bl ock diagram of one Node B 110 and two UEs 120x
and 120y _in_system 100. Node B 110 is equi pped wth nulti éﬁa > 1)
antennas‘%‘g%‘)&}’(/ﬁ?ﬁ@ugh 326t. UE 120x is equi pped with algs(ﬁz 867((1-531—8%)
antenna 352x. UE 120y is equipped with nultiple ( R >1) antennas 352a
t hrough 352r. Each antenna may be a physical antenna or an antenna
array. [0053] At Node B 110, a transnitlﬁTX) data processor 320

receives traffic data for the LIEs being served froma data source
312 and signaling froma controller/processor 340. TX Processor 320

processes §wnbpl is hoymeok foretatpdesignilnge pl plat egmbelnd assymitsil fompidgt, ek a
traffic data .and signaling and generates ta s al 5. .,IX Processor
50 al o gonurhs A Rt EI0, T 15R CPSuRtOR v B oAE) vo
synmbol s.  Agousietoh 8y8bdls fRordlal Aodlldticy ddenel SacR a8 YWHIO(PHAR¢-sBifitlydig) or
signaling, a pilot synmbol is a synbol for pilot, and a synbol is

typi cal |y QAddrRuagralpss denplithde lagign o PEObAENALS BraysiléthOF Leherpicgdn

(Phaso- sni PRckagtiay BB S ARE KPR IR B Gl oo endihe .o

synbols may al so be generated in other manners. Pilot is data that is
known a pr [0684] by AGthMIMO Noctesddr 828 peferrhiEsandnii@ddpatidDpivtddiing on the

processor 322 perfornms transmtter _spatial _progess] n the data and
pi | ot synbgfftg ?@pﬁ%@%&z‘ﬁ%ﬁﬁ%ﬁif%@wﬁ o ME}&PW&& precoding,

precodi ng, ,heaghengl BY, Kl fata AydBbEmaY "6@0§enfr?r)6}1p8n§ Shtendd mfp AR%t MIMO

antenna for direct M M mappi ng or frommltiple antennas for
pr ecodi ng wmgpibg arfformmimgltipRr oteves fo3g2cpdioy iadd deTmbumpmyg.  Syordsstor 322

streans to_T npdul ators 324 hr ough 324 dul.a 4
per for s nBRVICES ol P yhber syesdri T iress Gviony 20 Tagpfoch. Hata
synmbol s t onRRtRicd Pt PetifosRTRIcAS atiERQR. O | @FDM, 3RADMIN &tB8Ton its output
processes (e.g., converts to analgg filters, anplifies, and

upconver t syyribals tuelain ostowpbaeplan dE asbraodiater 3 4dovthen mRcessegriak. converts

downl i nk sjgnal,s. from mdul r 24 t 1t 1
from T ant SAgeog,ERTn AETHTeS Eod WeBalaiRt 38, 580y kel
120, one odownlink pighahnt EndasnBE2 si@aei FRnt htodldwwbisi OR4sithaks 3240 Mmire
Node B 110. Each antenna 352 provides a received signal to a

respect i vetrgesmitied GowrT %@EW@@)&@%@WB&&%H@%%W&WN 354 processes
(e.g., filters, anplifies, downconverts, and digitizes) its received

et or s ADIBaLl att ol & g e TP N et ) canny s Sehh ignals
sanpl es t ofrotit dode rBcEiOvedEasly Mptinsa 352 provides a received signal to a respective
demodulator (DEMOD) 354. Each demodulator 354 processes (e.g., filters, amplifies,
downconverts, and digitizes) its received signal to obtain received samples. Each
demodulator 354 further performs demodulation (e.g., for OFDM, LFDM, etc.) on the

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.



[ 0056] At single-antenna UE 120x, a data detector 360x perforns data
detectio g . matched filtering or equalization) on '
synbol s gﬁgﬁwggv?ﬁ%s data synbol estinmates. A receive 0&§§U%§€§h&&9
processor 362x then processes (e.g., synbol demaps, deinterleaves,
and decodes) the data synbol estinatesjgnd provi des decoded data to a
data sink 364x and signaling to a controller/processor 380x. At

mul ti-antenna UE 120y, a M MO detector 360y perfornms M MO detection
on the received synbols and provi des data s%/nbol estimates. An RX

dat a procel9671 36 HEs hihx gdoc¥yseay tramsnaih tralfoydrss | signalingrandler pidet on the

rovi des decoded .da to,a.data si.nk 364y .a Si [
(F:) ontroll er?@}r%ctggg%iea%éggi ﬁ’f@‘%‘ﬁb@%ﬂﬁﬁsﬁ{?ﬂ@éj feﬁﬁ%%ﬁb%@“ﬁ%ﬁsfﬁ{ ata
traffic dairansnféiiodi Mg danaliok. Phé eledpitklirdidiiay tehvldee B, 4 bescoding

signaling may_include feedback informatigon used for data transm ssion
on the dowmkirikselasteds Semifatek of RTESPHAEL NBATIPASy ORGe] TIgEe cdugns ofthe selected

precodi ng nﬁ%‘&%c%ié% ﬁ%&g&g%g ‘éﬁﬂ Qﬁﬁﬁtégﬁt a ke fb[r%&&ld&a%gst%w, o6 E SThe M H may

nore colu cted precoding nmatrix, an estinmate or a
rate for eaghthdédedbskrirfamatdcto stieiuNodd tBnsmyt daggotieUEeedback
information to schedule and transmt data to the UEs. [0058] At each

UE 120, traffic data f a . data_soyrce, 372 and signalj.ng from.

control lerk §};esg%‘rre&§§88gr %pﬁféﬁs&g% frgm ?cfaP%ng;f&c%@sﬁﬂn%*ﬁ&,fmm
further progesiRHpi¥eRom3MMIREQEESS QT8 d8a idce@RP B4 3RS processed by
nodul ated (e.g., for OFDM LF etc and conditioned by one or noreée

modul at or sa I8 MM rireeassari Y16e sppdicalrle), snodwiated &g fd3FBER LERMNoigd
B 110, the uplink.signals fromLTEs 120x a 120y .are .recei.ved b

D tounas. 338 coRfididSs dpt BbEEtelfRld 375, £ hrt R B S B muy
dermodul at opseR@83 50 @ WA 32810, tiRNehl K Isidhals R CARSIdx id A28 Moreceived
detector 330 and an RX data processor 332 to recover the traffic data

ang si gnal bngansemes bj2Gehéhromsh 3a66 peacesred etk glatfar i QIPNenLEPMi qtd by
o dat 'S L0051 Con 0 L A6ESARIS. 0 B0 20308 N,

control th eration I OUS’ processi'ng unit

UEs 120x aRXK d&@yrodeedpSo? ity edcpyerMbanraiiis dad4 2nd 352x1imnsknB 82 ths UBse The
data and program codes for Node B 110 and UEs 120x and 120y,

respect i veFs§povesed dfa drihen prayued dpadates® kU4 f or downl i nk and/ or
uplink transm ssion, e.g., based on feedback information received

fromthe Ugg)gf)l Smoﬁgiﬁ}oﬁersﬁ@o%% 3300h oGk ol 2BHAEF cBRdPHM operation of

nodul at or can
various processing units at Node B 110 and UEs 120x and 120y, respectively.

Memories 342, 382x and 382y store data and program codes for Node B 110 and UEs
120x and 120y, respectively. A scheduler 344 schedules UEs for downlink and/or

uplink transmission, e.g., based on feedback information received from the UEs.

[0060] FIG. 4A shows a block diagram of an OFDM modulator 400, which can be
used for each 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 paralle] 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



used for each of nodulators 324 and 378 in FIG 3. Wthin OFDM

nodul at o, 4 erial-to-parallel converter 410 receiy

synbol s M%gq%gmﬁa:ﬁggdata processor or a TX M MO processorpm%b@@%%és
t hese out put synbols in parallel form A synbol-tosubcarrier nmapper
414 maps the output synbols to N subc:éréri ers assigned for

transm ssion and maps zero synbols w th"signal value of zero to the
remaining K - N subcarriers. The mapped synbols are denoted as V(k)
, Where k is an index for subcarriers. An inverse fast Fourier

t r ansf or m tramsfarmed sy mbal @ntadvioR Keimg-doprairosasnifles: Kdeh tikna-dorapin sample is a
subcarriers_in_one OFDM s ol period, transforns t K s ols to
The ti e dERPREAlT § 08 O S, ahlue elP ol TR R R fret e

and provi d@@iaﬁzgslﬁetm@@@ﬁowsrtefdthéMfﬂ@@forﬁ@@ts?mbingAKcydliaqneﬂmgieﬂerator 420
sanpl es. Each tine-donain sanple is a conplex value to be sent in one

sanpl e per Pedically/pisgudar]yaiepeass & peitigh (ehvarples) of1Be Farsfemmedsymbaktoform
sanpl es of I .S l.. i refl a

cyoli oal |y OEb LS SRR s Solitlen: TSl SRPREPh R0 0 as o
t L ansf or rred%cswﬁﬁaﬁx b10a fg,@drﬁ}i@tﬁrv@é@h’ﬂ gy 1xabe cjiﬂil’cbtp&bﬁbi l’?{gfﬁ. +TKe Salp |pgﬁ:ix is
The repeated portiqgn is referred to as a cyclic prefix or a guard _.
interval , B§d @ Goanbap dntengmpol dptgrfprenge Héi)nqaw%gwaqp%ncar@ich gading,
used to co ! - i fer frequency
sel ective g@%&ﬁ%mﬁ?ﬁﬂ%bgﬁ%ﬁ%ﬁﬁ%ﬁﬁs& E@n@g&?ﬂﬁai%q‘\ygéflll'es acr oss
the system bandwi dth. [0061] FIG 4B shows a bl ock di agram of an LFDM
nodul at or H@B]1] whildG. éBisheivs e bek usaparh of ar iEPM inatothtdratddr whzR4amado

378 in FI 3. Wthin dul at.or s i al -{,0-par.all el

Sonverter 1Bl RBTGIRHITOSy e Hdn 3Gy po LT RSPy Grptseor 402
synbol s i nsal-ad-hehlIE10EdRve Aerdlt $E 88 By SOMIth@T sirnhisH)$ fagl nprobdy ﬂ%@.btoﬂ}%ﬁ
receives N output synbols for one LFDM synbol period, transforns the
N output symias s pearehel feemt | Aedistsetgi Fouwier Fraegionn (DPb) nnit BT reeeivessN'’

Four i f FT), i N f - dqrmj mol s.
Sonbol -t o CHBRSPIEI ik spE TP S Rl R e B
to N subcafiel i§hs d8SainOREE ah ON' HERDDFTSSI BB PAHicHRRSSEH% QFFW,TEQ& Erdv@des

the remaining K- N subcarriers. |IDFT unit 416 transfornms the
synbol s t o N'hérefiiensydiomaim syinbhlsa Bypdiohto-subeTricFRmapned Pdowiagesthg N’

transforne s%nbol cont ai r'B ng th iug;e- domaj n. sa(g?l S T

Paral | el - t SSEPPEIOTBHY SRS 1P B WREREICTS, B8 PR T LanspYssion g praps zero
transf or neghBydOQ the RifidihBigPK N Xadeaeial ADFA2iCYH trhafdrins HePraymbels
sanpl es of the transforned synbol to forman LFDM synbol containing K

+ C sanpl et teotime] dRsnaimsvith pnkpoas. IDFA/HRD aBl photides Grbendaamad-pvnbol
may be sup . Lth units. 410 thro 20 1.n.F mts.ar
used for L tlﬁ%&%a@%ﬁﬁ %a%ﬂgsfl g 9%9%%%5% 4 J(:)Offzhr 41%:%?&%1)%%8%%&
i n accor dapgspled bhtheerindfoimas pembsl. t Oatlionplelix R@nelatoaidRe dytiidatlg, repdats C
Node B can indicate to the UEs the node of operation and based on

such i ndi c&mMRIEs of Hae Upngtoymed syPohde ferp| By LBPM usyimbel ppptaggng K +C
descri bed E%\[l/@b% As stated supra, although the enbodi nents in FIGS.
a ee

4A and 4B n described with respect to LFDM it can be

appreci ated that another form of SC-FDM known as | FDM can al so be

utilized aflt@2hodhaslioom mcHéle MhardidB, hth Gt andH EPk map pe duppiried

equi - spaced U ) GlSigh 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.



17 [0063] FI G 5A shows a bl ock di agram of an OFDM denodul at or 500,

whi ch ma or each of denodul ators 328 and 354 |

Wthin M@gﬁgﬂﬁf} ator 500, a cyclic prefix renoval un#&@%’go%@?:gizns
K + C received sanples in one OFDM synbol period, renoves C sanples
for the cyclic prefix, and provides K rgeceived sanples. A
serial-to-parallel converter 512 provides the K received sanples in

parallel form An FFT unit 514 transforns the K received sanples to

the frequency domain with a K-point FFT and provides K received
symbol s fof006BE K tHdGabAshoeanaibick diggram eben OFHM demadviaer SA@mapple may

516 obtaing K regei ved nbo an r.oyi [~ [ 2C Qi 0 f

Che N subchf Prid P stE o iRty B a P S ML Sr SR R Qlehngal e
converter 586 seydiial jrzfs réheNunit €161 obetns Kbl gechivednsanples 3 6ne OFDM
[ 0064] FI G 5B shows a bl ock di agram of an LFDM denodul ator 502, which

may al so beymbddpdrind. eeredvast Crempirsl B dhe cyolic aiix3sad) propdes K3 received
Wthin LF dyl at.or j fi ' - A

¥ e ecel el Bt <eh flogBu P KRR o EERER, b AR REp AL
the cycli cf@hef g, FENdAnjriavi teesioéns eleeKvedeisadrpdresies to the frequency domain
Serial -to-parallel converter 512 provides the K received sanples in
paral | el f 8fiha EenoiphFET sad preddest Brisgeiyrksynbels & /ag I@éﬁfﬁh ‘%@cwaeﬁ- ah

K- poi nt FF LRrQwi Y i t |~
subcarri er gyﬁ@r;[gosﬁ&tagﬁ%ug%%é I gﬁlgedngg%grﬂS%éag% E?I%IEBIP% iRy 5r&¢?&e§ N
frequency- dapbicd sgyihbisfionatid N sowadcéss Msighee derarmygmooivai A pynmatieltts-serial
fromthe N subcapriers.assigped for transmssion an equal i zer

518. An | FRYDYFHEE r@k@%é%?hge%‘@dﬁvmrﬁp@&?@hewéﬁﬁmi n symbols to

the time domain with an N -point |IFFT/IDFT and provides N received

synbol s. F’gmﬁdﬂ el -1t1¢;. S {iRkvs GORNYE! HREran?df SELERIM 4820dh8ioN502 SCRILN Sthy
symbol s. [0065] As shown in FIGS. 5A dnd 5B, both OFDM and LFDM nmay be
support ed wisphbainistd f&10adhhodigmogaiatarn 3RBGmMdS B4 Ah| Fighi 3.5 BfithinddddPM

f LFDM I | FET Lt 520 is | d f DM 0066] |
i ew o exRBPANgeRS e St rnth EPEPRD SREDH Jhs ol Eb et AP A B
i mpl ement ed FOM ageioll gReed Wrdrlovich eC dagpl @S ad SbiyeGE prefit eind@peovides K

di scussed. Wile, for purposes of sinplici ti/, t he nmet’hodol ogi es are
shown and deestief seaples. Seyaltoenaraiel ppryekisr 512 proyides threKuiserived soeplemia

oDDr 12t e A PR SR TR R b U o
orders provides K frequency-domain symbols for the K total subcarriers. Symbol-to-subcarrier
demapper 516 obtains K frequency-domain symbols and provides N’ frequency-
domain symbols from the N’ subcarriers assigned for transmission to an equalizer 518.
An TFFT unit 520 transforms the N’ frequency-domain symbols to the time domain
with an N'-point I[FFT/IDFT and provides N’ received symbols. Parallel-to-serial

converter 522 serializes the N' received symbols.

[0965] 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
IDFTAFFT 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



18 and/or concurrently with other blocks fromwhat is depicted and
descri be erein. Mreover, not all illustrated bl ocks

requi redg‘f(gzqo%:ﬂg??ent respective nethodol ogies. It is t%&ﬁm/oswsz
appreciated that the functionality associated with various bl ocks may
be i npl enented by software, hardware, conbi nati on thereof or any

ot her suitable neans (e.g., device, syst®™em process. conponent).
Additionally, it should be further appreciated that sone

met hodol ogi es di scl osed herei nafter and throughout this specification
are capabl anddér doscurgengly ovithootber deckafrane whatos depsiptgfl aed deseribesd herein.

facilitate, transporfi an nsferring such nethodol ogies. to
vart ous deW T8 RbALRRRrL bR SrELERAR o B et ReSdie
under st andpkiidtoRgEt Rade) RMppFRnta therthakinéabialBeads6§14108 athedriass a
series of int erreFat ed states or events such as for exanple in a

stat e di agblasks paobyimplementep by seftwire diarGrmR aermbimbon ke iRganp other
supported | ri nRer: I i : onf

o oper at e TiU RS (TR0 A5k sulerp AR o, A ARG A A 6
consi der edfigthetlafphresigad that amsinsthbdsiogiodéisclotal HelngndDcbivhdradey ghbhethisE
transmts on the uplink using OFDM In the LF | F node, .t he HE
transmts &?Ctﬁ?é‘fi%?fieﬁkp@i‘i @%Wrsé OPEWF&D%E%IP atyre wfﬁcgrtm HE
or OFDM us i i i ¥ daF
or T Ue oD LR e R etk R EEBE s e e o e
LFDM node. tHeG@68i] FipGrectitd dddustdesstans that metdibativl egyycaofaltemativaly bat i on
600 i n accordance with an aspect, erein a UEis configured for
oper at i on TIERUCEEDASTEAST BHETTRERA HAUSOF 7B oURR S 1CREREHE A Feterne
nmode sel eclj,gRniy be based on various criteria and the UE transmts
in accordance wth the selected node for a particular tine interval

whi ch can be predeterm ned or the node may change with variations in
UE attri bul®$7hs floint eperagien &if| @D Mnrd LF PO/ IERMhples beUmppaitech it giyious

SNRs or | ow_geonetr -be fl ed f F ese. U

operate t hgllagn%%\/\g? %%ér:g?%‘?% éa?[gﬁ r?é%%elg?ﬁ%&ﬁldl t:E?zl\ggte %Ié?)enﬁﬁ i §§ggw;¥%occ)i “reét
| i nk budget. FDM/ONDREY08E wititle Rl fetogsitiertthag Dbt iransihiiRsisr mddes. Whthe
wi t h higher SNRs or hi %B&'geomﬁtry may be configured for CF% These
UEs may ha®&DMangder thgdEhiranssyisein the poisikewsing OF DA e S0 AFPMomode,
ot her cell t grr:JE@b tgy%;i i

backof f. néy%%pg%?%g%hﬁgﬁgrdsﬁ e@?%@r%\gg%%? t ésjéhSE;l.)M%or
[ 0069] | n aOFxMasads wlilhcdriiguasipe operdesathd@BDMmbrg. An [#TNdde IFDM UE
B/ access poip e conti usly nmopitoring attrj es of one or
more Ues oot PRI SaSE0s stddeannionpsriathe L BN 884 (£ Gpon
initially entering the cell nmay have low SNR as it is on the fringes

of the cel [goe8fCorEdNgl VusttA& a_l\lﬁféﬁm@ol@%ﬁ_%@icamnwaﬁbn 60 ir€ 8ddord®¥e with
initially set the UEto transmt in a DM node. Upon traversi nqﬁ g
mpde

further intoasgset, sdletein iy &ESNRow gured (anBpatationinatie SIHRM imgsiesy d-FI

conver se sc¢enari o UE nay 4.nitiall e located close 10 t

Tna have aihh grngsf el i haft e Br apS Attt Sl et b Be
as a resul UH transhiiR inaycaiady alithythd atlestk® ralde foAnyarsidalar dmangessal which
the observed attributes of the UEs are detected by the Node B at 604.
If there afd he mAdaigaungdox Hie mode itpan ekange with gpgwiapsdnUgE atiributes as
mai nt ai ns | 1 FANSKN.SSI indi 6 r

if changeslf%rrﬁlée?g%gagg ngfé‘g't 4%aﬁlﬁleh e?ﬁt grlgwcgﬁggfberg%%vog%mmmﬁw be
pr edet er m pefigurek $hroLHDM dEtess iHemal dpeente tisthopbwebemaplifiers near 100%

correspondi ng change in the transm ssi de of the .at 608

the changedtHFEORIE RIdFT (hESH itlebuAgst nﬁﬁD{\r/ﬁ%ﬁ’aﬂaowyﬁé@}t FHROBRN S

maintain c { I BRSWidShigh nighdb &A@ Rby 88Qonfiburb@\EYOFDM.

t he changeﬁéﬁgggtsriggﬁg}sl I i%eeﬂsr%gﬁcs:%?ldi%h?%ns %lfdy a )(JE ungééu

obser vat i oThesr UEs nisgyiond thdietradsmes povet, adjustedNipdlead indietors o athes cells
and may not be constrained by the power amplifier backoff. OFDM may provide higher

link efficiency for these UEs.




aspect, which is referred to as dynam c scheduling. In accordance

with thi UE can be configured for operation i

node or Wﬁ@%ﬁé@ n a dynam c nmanner, e.g., in each sc%%ﬂﬁoﬁg&%sz
interval or sone other tine duration. A Node B can send signaling to
informthe UE to use either OFDM or LF Accordingly, at 702, a UE
is operating in an initial node which nay have been determ ned based
on its SNR 20 conditions etc. At 704, it receives a down |ink
transm ssion froma servicing Node B which can conprise a node bit as
st at ed supt®69t o ilndceadence hveth thanspdct deseribebuelie®, wiNash B/isessppoint can

shoul d operate..Henge, at. 706, i1 exapines the e .pi.t . r

doter mi o Pf eGBGE m@hioffEerdibo e BTHEEP; itle, PR St iy JsHelifa L
exanpl e, t BE2.SFEN@aniile, FYEGRHORihiGElL P BReiBe theell thay Bavddvn! INK as it is on
control rressafgjg to indicate the particular transm ssion node to use
for upli nktherfainges efsthe well.THicsomidy.uhe Nody Bhasseeipted i thecghl npay mgally

to indicat fDME - (¢ tF%EI 0 ykndi : [
Accor di ngl getlt:ﬁ_ aqgglgp i@éﬁ I(ng)F1 LL Er%%&eei vlgﬂsb at([-;%itefm%@?ﬁ(}gfﬁﬁcgthg Cglért E:a|SNnR
mode whi chof thetUienmaqgeadasily {rsprove.r Bind comveige stenaiordt UBwes ihiaitpibe iaated

its current. nbde_as shown at 708.. If _the hit indicates a node
di fferent floania g Node boptd byge hlglhéNh@%lﬁ maquegarﬁega ¥ &rogy the Node

transm ssi gn, hagsed. tﬂ&m&%%f%éga?%gfde@érfma@?%y%qcfaéha&lgeg BahedoRbved

step 710. It 1s to be appreci sw t chi ng”nodes 1 n accordance
wi t h dynaniitrilsoeedfithe REEstak detegted bg tlaa NadoBalt 604s i £thercadre nashomep ar 6

to sem -stati.c separation of L TES described with respect to FLG.6.
Further 1 AGHOY HOpeREL e | RATATE R S RRSTin g mede By ierted o
Node B to guhtChgwRIes RagRbse a¥@rdeRRdasP SOl S (K@MMidyS bR compared to a
availability of contiguous résour ces,f Rower anplifier headroom or

Ft

SNR as det aiddeigrmimpd shreshold taxdetpinene iffthere Bheuliddej parregpondingelfange ire the

to transmt{_in .LEDM node d er.e. oS auci ty of cont.i u .
subcarri er ?HWQSI%%OE% %tgﬂwtﬁgnatd‘?drgec?f @8 ng%s {WF a lr::gﬁrﬁntgt H?ﬁ%ﬁfﬁﬂnmed
nmode based iigBshakiidiad] thetlYE 6dn shbmieom bi e tanshibgad friode s inlivased 4t Be6. If
system can take advantage of various aspects associated with SC FDM,
as wel | ashomprarshpshenge ip etirhytrs kaSNR enditieps ehmPE woer ebpsrvatien piies
operation %

sghe r.14 Nngac c i & h. S } i .
oper ati ng urydggird @émﬁﬁé@gﬂ,cthge%g?gf? oﬁe%mrihg?ﬁégmgc sc%h%(gl\t%@r}%g,hanage n s
schedul er ¢{rangnissiot heddlaginddsed ot FIOG InJccomyna@switly an agpect, nodlsde B can
subcarriers to UE operating.in the LF de or equi-spaced topes
T a DIE | IROMTOEES P BPEDHIS aaPHOLr Vi AR i AL SR the
cont i nuous Bhef6ORIIBOHS: SURGRL il Bshclt B HE SOMGRY haleribel diiee OFOM
node. The scheduler has full flexibility in resource bl ock assignnent
for the OFDMtnodevilgnclaswdodhed®dei B kadisviteh drmm depmdtiad LR transmission
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illustrat e&ecgfvegtzréoﬁl G?OWe?pqnﬁéng?@g%s% %%ﬁyaﬁéy ?%%%{\%l%ﬁmmn on §/he
cont i nuous RB® sbelthd deD®l dradcrddd to it. If the transm ssion node is

not LFDM it is again determned at 824 if the LTE is in | FDM node.
If it is in I[FDMtransm ssion node, then di scontipuous

, but o
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transm ssi @an redeniigw@E Dbt apcratibee neftior ORI mode dulléFDM anoddl Inoe atyeamic

conti nuous or disconti nuous r.esource bl ocks to, the HE as sh t
manner, e.g., In eac sghedulsmg mtervea or some other time I(':Iuraﬁon. %m@loge 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



22 [0073]FIG 9 is a diagramof a channel tree 900 that can be used

by the S%’Rﬁ?‘}%lﬁﬁ?&}’% assign resource blocks in accor dancp%%ézﬁo@ggssgf

aspect c = 16 subcan-ier sets in the first tier.

traffic channels nay be defined with the B subcarrier sets. Each
traffic channel is assigned a unique cgﬁnnel ID and is mapped to one
or nore subcarrier sets in each tine intlerval. For exanple, a traffic
channel may be defined for each node in channel tree 900. The traffic
channel s may be sequentially nunbered frombottomto top and from
left to righditions egacht 74brit revhives ardgeetlink: wirsmissitnafipi|a servicing Node B

and i maplBan G seres e dunas P sl & SPE T FUERRRE ahimiSiat icte i

| ovest ti ewhikhhdy e RacNe opkfase. OfHehcd, it 008 itBexaftinaar e Gaddeetit Baseder to
traffic channels. Each base traffic channel is mapped to one

subcarri er dgeminTHer elraec &t ieaeirut B iranewicaneds erasaple fhcaignaling
Festrl ctl ongy WdiiSe BRE ofluetieid £ 2blhfin€ RBRARA! Acdifle ANinflhROBEMHicular

system For €a i ¢ channe I'S ‘assi ghé
channel s t hatsndsstorsmbsetosuse dor Wk arsantssipn ofThisheodslst gne de setad i, ¢a) to

channel and all traffic chanpels for which the igned traffic .
channel s % tgindette AFON daege @t @ to Thetoriéglpﬁff?c(?@ﬁl\”{gm& $i SCerdmedf 2

are not us%igagﬁwl%@e/s Db @n&igkﬁwgsas%%fciﬁ{jmbﬁé‘fvmi& ShROBGhe 89ith Ratrent

no two tra anne use the sa S arrier set at the sane time.
[ 0074] As stmatledt suginags tneamtaimis evchammale 4srshownrany0B.e ItibEibitciddaates a
al l.ocati on.

df A i fi il |
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channel trgg yeapaihe ofetd E?QeéegreWESQHdiE@t§@léf s@pi10cks idtd b ciRcdaNat

be mapped to nodes 1 through B, respectively, in the first tier of

t he channebwitchaeg nodes ineacseudanet withrdynemsnsnhedulisigoigkes placenat @mygly faster
mapped to nodes B+l tc., and resource bl s B-1.and .

Tpped (o MG somparet f torl ier oG rahS aCiegP el [Bertdo BIg
be mapped GorihdasaBis/ @gﬂecia@écﬂthat argE meFoby Eenflueksy Bre3Nbdy BughsvBich
may be mapped to node B+3B/4. A UE may be assigned a specific node in
t he channemodpsbasahan vayousstsDegts coBpBling avaslabidics ohegblgHoysg esayEces, power

assigned n T e rQyi-des. a.co i s
assi gni ng g% gﬁ?rgg%a%g%gﬁsfgﬁa I %8 at% aélggssg?' gaglegi\6 ?e@égﬁbgggfq[%ﬁ]] 'I{I—l?guy
10 is a f| ownfiduasd tol thdnumitriatlifiManoks snddberedy a ehudiyhefcohtiguput G0kt arriers,

usi ng subbands to_i nprove_ performance in, co atiop systens, _In

accor dance thi Mede Bjcan fhgnedipect %@@ﬁ@é@d?%ﬂ%éﬁﬂge Qﬁ’steﬁ OBéE’f‘ﬂ%NE\*QI of

to be schedil &0 QBuP¥BdAfieRE MBIk fheBlystefP can take advantage of various aspects
associated with SC-FDM as well as OFDM schemes.

[0071] FIG.8 is a flow chart 800 that details operation of a scheduler in accordance
with an aspect. While operating under semi-static separation or dynamic scheduling, a
scheduler (e.g., scheduler 344 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 meode. 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
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| i ke MMSE (m ni num nmean square error) detection, which nmay be used
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have any mapping of resource blocks to nodes. The scheduler may use the same or

different channel trees for OFDM and LFDM.



25 data streamthat will be transmtted by the TIE at determ ned at
1210. At 1212 the SNRs from step 1210 are exam ned to det ' if
di fferenf”%éot‘)g{('%?t(’? eans have different SNRs associated t &@%ﬂﬂgs#gﬁ
all data streams have simlar SNR val ues then the Node B will
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achi eved N&?b&ﬁé@eﬂﬁﬁi&ﬁdﬁﬁdﬁem chandiele Q@U]dl“lteltflalﬁﬁc c}ﬁmgals mhjab\t SNRs.
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det ecti on. ene diff nt pilots m ed for
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characteristics constant tinme-domai n envel ope) d good

spectral cphlcameetauls tastrs:tl(oas gn theaudel cfith¢ weffioshanpelsfecan QIﬁ)OgOF‘éﬂr
exanpl e, pil

(1 P 2boiron et ik s s BERShS wShe RRoHE rA ket i prgbtets =

derived baggdic@Rnddhys) @ theQlssibite thaPFi¢ BdnAE:and all traffic channels for which the

assigned traffic channel is a subset are restricted. The restricted traffic channels are

not used concurrently with the assigned traffic channel so that no two traffic

channels use the same subcarrier set at the same time.

[0074] As stated supra, one or more channel trees may be defined and used for
resource allocation. A channel tree maps specific available resources blocks to nodes of
the channel tree. For example, a binary channel tree can be defined in which resource
blocks 1 through B may be mapped to nodes 1 through B, respectively, in the first tier
of the channel tree. In the second tier, resource blocks 1 and 2 may be mapped to nodes
B+1, ete., and resource blocks B-1 and B may be 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
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Equation (2) is for a Gol onb sequence, equation (3) is for a P3
sequence, equation (4) is for a P4 sequgnce, and equation (5) is for
a Chu sequence. The P3, P4 and Chu sequences can have any arbitrary
| ength. The pil ot synbols may al so be generated based on a Frank
sequence, a Pl sequence, a Px sequence, or sone other pol yphase
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and LFDM Lt@en?ﬂ%o schedule the UEs on based their respective selections. Upon determining the
transmission mode of the UE at 1010, the scheduler can schedule the UE in contiguous
subbands if it is in LFDM mode as shown at step 1012, If the UE is in OFDM mode, it
can be scheduled in multiple disjoint subbands as seen at 1014. Thus, while operating

in OFDM mode the UE is able to achieve full subband scheduling gain.

[0076] In accordance with various other aspects, system may support single-input
single-output (SISO), single-input multiple-output (SIMO}, multiple-input single-output
(MISQ), and/or multiple-input multiple-output (MIMO) operation. Single-input refers
to one transmit antenna and multiple-input refers to multiple transmit antennas for data
transmission. Single-output refers to one receive antenna and multiple-output refers to
multiple receive antennas for data reception. On the downlink, the multiple transmit
antennas are at a Node B, the multiple receive antennas may be at one or more UEs. On
the uplink, the multiple transmit antennas may be at one or more UEs, and the muitiple
receive antennas are at the Node B. The system may also support single-user MIMO
(SU-MIMO) and multi-user MIMO (MU-MIMO). SU-MIMO refers to MIMO
transmission to/from a single UE. MU-MIMO refers to MIMO transmission to/from
multiple UEs, e.g., on the same set of subcarriers. MU-MIMO is also referred to as
Spatial Division Multiple Access (SDMA). SU-MIMO and/or MU-MIMO 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
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wavetorm whereas 1 tgez 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



28 [0087] Joi nt operation of OFDM and LFDM al | ows for dynam c

transiti these two nul tiplexing schenmes to o '
advant agggo 2@&%%?{’:9 t he schenes such as: Allow for bet ﬁaﬁlﬁﬁ#%zsgﬁzon

of the system bandwi dth, Achieve higher nmulti-user scheduling gain,
Achi eve hi gher subband scheduling gain,,. Provide link |evel gain for
hi gh SNR users, Provide nore flexibil |%5y I n SI MY MLMO oper ati ons,

Provide nore freedomin pilot sequence selection and easier network

pl anning, Provide nore flexibili tg in a({ﬁjsti ng pilot overhead
per cent agegdata Risdars shgawidnbel transnoigied dysthe il et deermpinedpivil 2bht A611212, the

channel, SNRs from step 1210 are examined to determine if different data strearns have different
SNRs associated therewith. If all data streams have similar SNR values then the Node
B will configure the UE to operate in accordance with one of the transmission schemes.
Hence, the process can return to 1206. If however, different data streams have different
SNR values, the UE is configured for a MIMO transmission at 1214 wherem different
data streams have different transmission modes depending on their respective SNR
values. For example, the UE may use OFDM for streams with high SNRs and may use
LFDM for streams with low SNRs, e.g., a modulation coding scheme (MCS) with
QPSK. This allows for flexibility in using LFDM and/or OFDM for different
layers/UEs.

[0079] Higher throughput or spectral efficiency may be achieved with MIMO under
certain channel conditions, e.g., high SNRs, less correlation between the transmit and
receive antennas, etc. Improved reliability may be achieved with SIMO under other
channel conditions, e.g., low SNRs. MIMO or SIMO may be selected based on one or
more criteria, e.g., SNRs. In accordance with a further aspect, to simplify operation,
OFDM is used with MIMO (which may be selected when high SNRs are observed) and
LFDM is used with SIMO.

[0080] For both OFDM and LFDM, a UE may transmit pilot on the uplink to assist
a Node B with detection. In general, the same or different pilots may be used for
OFDM and LFDM. In one design, a pilot for LFDM is generated based on a polyphase
sequence, which is a sequence having good temporal characteristics (e.g., & constant
time-domain envelope) and good spectral characteristics (e.g., a flat frequency

spectrum). For example, pilot symbols may be generated as follows:
p, =e* fori=1,..,L, Eq (1)

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

sequence length



Provide link | evel gain versus LFDM and Provide | ower

i npl enen L | exity conpared to LFDM [0088] The t i
describegﬂ%gﬁg?%gﬁgy be i nplenented by various neans. For e%%ﬁ%ﬁgﬁz
t hese techniques nay be inplenented in hardware, firmware, software,
or a conbination thereof For a hardware,npl enentation, the
processing units at a UE or a Node B be inplenented within one or
nore application specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices (DSPDs),

progr ammabl[0881bgi Phdespcowy pPUPEYed Haised eh pmoencanfitiabiollowéiee arr ays
(FPGAs), processors, controllers, mcro-controllers, mcroprocessors,
el ectronic devices, other electronic units designed to performthe
functions ¢eseribeld herein, or a conbination thereof [0089] 84 (A
firmvare and/ or software inplenentation, the techni ques nay be

i mpl enented Wi th nodul es (e.g., procedures, functions, and so on)
that perfowhFthé flneti ons described herein. The firmmnare ankf 6b)
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menory and executed by a processor. The nenory may be inpl engnted
within thengd%éQSB?(bTLéﬂﬂbrnal to the processor. [OOQO]Thgﬁﬁﬁéhious
description of the disclosed enbodinents is provided to

z-(i-1)*-F/L forLeven ,
o=
z-(i—=1)-n-F/L forLodd .

Eq (5)

[0082] In equation (5), F and L are relatively prime. Equation (2) is for a Golomb
sequence, equation (3) is for a P3 sequence, equation (4) is for a P4 sequence, and
equation (5) is for a Chu sequence. The P3, P4 and Chu sequences can have any
arbitrary length. The pilot symbols may also be generated based on a Frank sequence, a
P1 sequence, a Px sequence, or some other polyphase sequence. The use of a polyphase

sequence may result in low PAPR for the pilot.

[0083] The pilots for LFDM and OFDM may also be generated with modulation
symbols from any modulation scheme (e.g., QPSK), which may simplify processing for
the pilots. Different sequences of pilot symbols may be used for OFDM and LFDM to
simplify network planning.

[0084] Pilots may be transmitted in various manners for OFDM and LFDM. In one
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



enabl e any person skilled in the art to nmake or use the disclosure.

Var i ous g@ﬁ%&*@%&%ﬁns to these enbodi nents will be reaqhgﬁygﬁgﬁkgﬁﬁ

to those the art, and the generic principles

herein may be applied to other enbodi nents w thout departing fromthe
spirit or scope of the disclosure. Thu;zt7 t he di sclosure is not
intended to be limted to the enbodi nent's showmn herein but is to be
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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 subcarricrs. 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.



WD 2008/ 057969PCT/ US2007/ 083382 31 CLAIMS What is clainmed is: 1. An

appar at u%gg‘g’ggfog@k&g: a processor configured to 01083382
i ndication to a user equipnment (UE) to operate in accordance vm?sﬁ a

mul ti-carrier nmultiplexing schene or a single-carrier multiplexing
schenme, and to perfoini processing for transm ssion received from
the UE in accordance with the indicated multiplexing schene; and a
menory coupled to the processor. 2. The apparatus of claiml,
wherein the multi-carrier nulti EI exi gg schene is Othogonal Frequency

Di vi si on MRS exdiohy cpaping of OBDMued AEpM allergs &1 dynamip transijleestween

i visi on MIeT Sl Eo R BEBER UL cERAR b FheREF ARG

Mul tiplexing (IFDM. 4. The apparatus of claim1l, wherein the
processor selecidlohfer Bétreghitiligaioniof theybtemtaadivitgh,scheme for a | ow
signal-to-noise ratio (SNR), and selects the nulti-carrier

mul tipl exi ng schene for_ a high SNR, 5, The apparatus of claiml,
wherei n a UE % sA¢BKIe Bighegmpliiruser seheduling @i nul ti pl e- out put  (SI MO
operation when the processor selects the single-carrier nultiplexing

schene, and for é’gﬂle&éﬂ{gﬁ%}%fﬁnﬂéhédt@ﬂlgg%ﬁ% put (M MO) operation when

t he processor selects ti-carrie ti pl exi ng schene.

¢ Provide link level gain for high SNR users,

¢ Provide more flexibility in SIMO/MIMO operations,

e Provide more freedom in pilot sequence selection and easier network planning,
¢ Provide more flexibility in adjusting pilot overhead percentage,

¢ Reduce bandwidth loss associated with LFDM control channel,

e Provide link level gain versus LFDM, and

s Provide lower implementation complexity compared to LFDM.

[0038] The techniques described herein may be implemented by various means.
For example, these techniques may be implemented in hardware, firmware, software, or
a combination thereof. For a hardware implementation, the processing units at a UE or
a Node B may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(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



6. The apparatus of claim1l, wherein the processor senm -statically

sel ects %2"%’9%)3&’_ carrier multiplexing schene or the rﬂﬂﬁ;%ﬁ@ﬁdﬂ&fﬁ

mul tipl exing schéeme for the UE. 7. The apparatus of clai

conprising a scheduler that dynam cally selects the single-carrier
mul ti pl exi ng schene or the nulti-carri%@ mul ti pl exi ng scheme for the
UE, and sends the indication via signali’ng to the UEE 32 8. The
apparatus of claim7, wherein the signaling conprises a node bit
having a first value to indicate the nulti-carrier nultiplexing .
schene or Beg@EnARl gcytediy 4 procesoe Theenyppg may Be ppplemeniad ‘b‘%@%ith"g

schene. 9p§£%509&93&§55§0?ﬁﬁﬁéﬁégy;’ wherein the processor assigns

conti nuous® subcarriers to or the single-carrier multiplexing
schenme, and assigns continuous or non-continuous subcarriers to the
UE for the[(d@b)i - Crerprevionuli¢scppton nfjthechetssed etdbodithentappavaides tof

claim1l1, wherein the pr sor, assigns subcarriers to e. TI E based
on a first e‘%’i“n?’f@l p??%é%ﬁ i} e agt tﬁg?ajf-e@éflﬁ(‘f e dﬁ%ﬁf"@?‘ﬁl é}])?i“t‘?{js scheme
and based pRqfiARGRAN t16REBRABLdiHE8 @igrbetréfdnw&)ﬁ%rﬁﬁ% KAQRE skMbd (P %t

schene. 11. The apparatus of claiml, wheréin the processor receives
t he transnimbihegefiarmmrineeplesziofinad fretein phy banpplmdde othemdmpedamis

mul tipl e-i nput | tiple-output.(MM) detectign to at i,al .y, separ at
mul 11 bl e st b e B i ot R by TREL U ARRSGRE o
claim1l, whedel fo bOBMRESELHSLIMHIIARERS Sovat hé@asShutaN® I5¢ 4R8MAINhE he
mul tiple streans based on the single-carrier nmultiplexing schene and

processes widdsbspope gapsigenewith theaincimes and novieltfeghies diselosershasaised on
the nmulti-carrier multiplexing scheme. 13. The apparatus of claim

12, wher ei é]b'l‘ﬁ PrRASIRE heAEdds iR aBBf’{&%ﬁ‘id@sgeJaﬁf It{?rb‘?t}?éve}rﬁ)ﬁg one
0 mul t 1 pl'exi hg schene

stream bas the single-carrier X1 n prior to
pr ocessi ngehboditrieatsalt ik aadsbusamod pbsiblsta dacmilzased; anctikgble combination

multi-carr Io? cromnﬁjclngliltg lo?)r(rileg%dgﬁ)g?eﬁér pu]fgfdsesA 0 és?r?ﬁng %%pernilbsoidﬂgénts, but one
of ordinary skill in the art may recognize that many further combinations and
permutations are possible. Accordingly, the detailed description is intended to embrace
all such alterations, modifications, and variations that fall within the spirit and scope of

the appended claims.

[0092] In particular and in regard to the various functions performed by the
above described components, devices, circuits, systems and the like, the terms
(including a reference to 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



sending an indication to a user equipnent (LIE) to operate in

accor dan%%[)%)as,g gulti-carrier multiplexing scheme or @rwus2007/083382
single-carrier nuPtipIexing schene; and perform ng processi ng
for a transm ssion received fromthe TIE in accordance with the

i ndi cated nultipl exing schene. WO 200§g957969PCT/U82007/083382 33
15. The method of claim 14, further conprising: sel ecting the
single-carrier nultiplexing schene for a |ow signal-to-noise ratio

(SNR); and selecting the multi-carrier multiplexing scheme for a high
SNR. 16. Annglyges adrids Tedudng salvariants therppfangused in gighey ithedesgiled

i ndi cation ‘A E I: > ke
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schene; anthe term “comgaizigi’dr perform ng processing for a transm ssion
received fromthe UE in accordance with the indicated nultiplexing
schene.



17. The apparatus of claim 16, further conprising: means for

sel ecti ngyd hRsRs7egd e-carrier nultiplexing scheme for a Lowysieerossss:
signal-to-noise ratio (SNR); and neans for selecting the

mul ti-carrier multiplexing schene for a high SNR 18. A processor
readabl e nedia for storing instructi ons; joper able to: send an

I ndication to a user equipnment (UE) to operate in accordance with a
multi-carrier multiplexing schenme or a single-carrier nultiplexing
schene; and perform processing for_a transm ssion received from
the HE in accordance with the indi calddA Pt pl exi ng scheme. 19. The
processor readable nmedia of claim18, and further for storing

i nstructi oNg.PRENARLE L O: sel ect the single-carrier
mul ti pl exi ng schenme for a | ow signal-to-noise ratio (SNR); and sel ect

the nulti-carrier multiplexing scheme for a high SNR 34
1. An apparatus comprising:

a processor configured 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 to perform processing for a transmission received from the UE in

accordance with the indicated multiplexing scheme; and
a memory coupled to the processor.

2. The apparatus of claim 1, wherein the multi-carrier multiplexing scheme is

Orthogonal Frequency Division Multiplexing (OFDM).

3. The apparatus of claim 1, wherein the single-carrier multiplexing scheme is one
of Localized Frequency Division Multiplexing (LFDM) or Interleaved Frequency
Division Multiplexing (IFDM).

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.



20. An apparatus conpri sing: a processor configured to process

a first ty@RRlosaken received froma first user equi pmegdr/fisabiodsss?
accordance with a single-carrier nultiplexing schene, and to process

a second transm ssion received froma second UE in accordance with a
mul ti-carrier nmultiplexing scheme; and @& nmenory coupled to the
processor. 21. The apparatus of claim 20, wherein the processor
receives the first transmssion in a first tine interval and receives

t he second_trangm ssion in.a .second ti i.nterval . .22. The appar at us
of claim 28, whaPERRPAE: B SUBSGaTersin e g alng Crputes e OE 0 on
a first sef@hambReRticaR e ARM-EASISF MBRipldkehSREONE of § 3DHY §81UORH ON a
second set of subcarriers. 23. The apparatus of claim22, wherein

t he procesgudlicapeth single-airsomenlipEsngisehena. ansf or m (DFT) on recei ved
sanpl es to obtain frequency-domain synbols for the first and second

sets of s UgC arr 'Tﬁ% ?i?ps e?r[sl% ?tr d mg P38 Bk r%%)e'gg DassolgnsfJo%ﬂﬂ&o%g%ggc%%grg

synbols fromthe subcarrtier optarf receive

for the fi tstheURfis fieSShgecamidempliipldassche @iy sigey @intinsytizioe hen-
fromthe second set of subcarriers as received synmbols for the second
transni ssi 6pRtinugRs supgarigrsiatha YE for the musltinconier (oylidsxing $8eBeocessor
receives the first and second transm ssions via nultiple antennas,

and perfor MUk, =] i 5 : x
Spat | al 1y Separ are AL PPULC L AR e ST BEL O O e U
conpri si ngbased on a fpstodessdl ige forfthe sihglercanremnediigexing s@icednfl besadaon a

fi7st user equiprent, () 10 aggordance Mith 2 glngl e-carrier

11.  The apparatus of claim 1, wherein the processor receives the transmission from
the UE via multiple antennas, and performs multiple-input multiple-output (MIMO)

detection to spatially separate multiple streams sent in the transmission.

12.  The apparatus of claim 11, wherein the processor processes at least one stream
in the multiple streams based on the single-carrier multiplexing scheme and processes at
least one other stream in the multiple streams based on the multi-carrier multiplexing

scheme.

13.  The apparatus of claim 12, wherein the processor performs processing for the at
least one stream based on the single-carrier multiplexing scheme prior to processing for

the at least one other stream based on the multi-carmer 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.



26. The nethod of claim 25, further conprising: receiving the first

transm s§iPmofhsiaed 1 st set of subcarriers and receivi grhesaseRrd
transm ssion on a second set of subcarriers. 27. An apparatus

conpri si ng: means for processing a first transm ssion received
froma first user equipnent (LW in accgrdance with a single-carrier
mul ti pl exi ng schene; and means for processing a second

transm ssion received froma second UE in accordance with a
multi-carrjer tiplexi sch ...28. The. apparatus of claim 27,
further cok%rigr%ﬁmg%ﬂéﬁgg?ﬁ?lggggpvﬁﬁﬂg?ﬁ@gfirst transnission on a
first set of subcarriers and nmeans for receiving the second

transm ssi on ONgefecHBs eHEthin@é-cAkicP RO RHIEAS Sche@8 forA BVAtERSM-nbieatabl e

media for storing instructions operable to: process a first
transm ssi GiNRkeed ved froma first user equipnent (UE) in accordance
with a single-carrier nultiplexing schene; and process a second

transm ssi on regeiy. a J4LE (hh a
mul ti-carrier n%ﬁ?%c:{lg élg(e{rﬁgﬁxg%aarg%%ng%ﬁn#%gﬁ%ﬁeﬁf@ggg ggreﬁ Sr{}g]%'(jabl e nedi a
of claim29, and further for storing instructions operable to:

16.  An apparatus comprising:

means for 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

means for performing processing for a transmission received from the UE in

accordance with the indicated multiplexing scheme.
17.  The apparatus of claim 16, further comprising:

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.



receive the first transmssion on a first set of subcarriers and

recei ve §§1§8/690¢ t ransni ssion on a second set of subcgdieher0s35L-
An apparatus conprising: WO 2008/ 057969PCT/ US2007/ 083382 36 perform

processing for transm ssion in accordance with the indicated

mul tipl exi ng schenme; and a menory coupled to the processor. 32. The

apparatus of claim 31, wherein the nmulti-carrier multiplexing schene

I's Orthogonal Fr equency Di vision Multiplexing (OFDM. 33. The

appar at us g{)y im31l, wherei.n the single-carrier multiplexing schene
cal

i s one of (?BPWB‘&&@WEVSIBEW sion Multiplexing (LFDM or
Interl eaved Frequency Division Miultiplexing (IFDVM. 34. The

appar atus of cl @;pﬂ‘_lcggsor YRETRER th REodRELL BES RinsHERSortREEvaN6AR firstiaes
subcarriers for the single-carrier nmultiplexing schene, and naps data

on conti nugmgpmﬁntr{bl@mmcprd@wswgh@csmq earser mpltiplpaing scheme and feprocess
mul ti pl exi ng%c %H?”%nug% én I eJS/eg BRAl géecgn(? {Iiliﬁn%cégrg% ce w ﬁlr e1lﬂul'c1t &?rler

processor sequence | e-carri

mul ti pl exi ﬁ@lﬁ@ﬁ&ﬁ@sdh&m&ﬁ&rﬁtt ed and sends a second pi | ot sequence i f
the nulti-carrier multiplexing schenme is sel ected.

a memory coupled to the processor.

21.  The apparatus of claim 20, wherein the processor receives the first transmission

in a first time interval and receives the second transmission in a second time interval.

22.  The apparatus of claim 20, wherein the processor receives the first transmission
on a first set of subcarriers and receives the second transmission on a second set of

subcarriers.

23.  The apparatus of claim 22, wherein the processor performs discrete Fourier
transform (DFT) on received samples to obtain frequency-domain symbols for the first
and second sets of subcarriers, performs inverse FFT (IFFT) on frequency-domain
symbols from the 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.



36. The apparatus of claim35, wherein the processor generates the

first pikad0805w6ce based on a pol yphase sequence. 37pcthi€07/083382
apparatus of claim 35, wherein the processor generates the second

pi |l ot sequence based on nodul ati on synbols from a nodul ati on schene.
38. The apparatus of claim 31, wherein 4she processor sends pil ot

Wi thout data in a single-carrier synbol if the single-carrier

mul tipl exing schene is selected and nultiplexes data with pilot in a

mul ti-carrjer s ol .if the. ti-carrier. multiplexing scheme is
sel ect ed. ‘IZ§9 ¥%H’QB‘BQP§P@§H2|IS’ @Pﬁ?rrﬁogfﬂs\‘/ﬁger ein the processor
utilizes a first synmbol duration for data and utilizes a second

synmbol dur adcki@mgh@fits@ frahdMdlsibhen & ik ket ¥gdarilss add on for pilot. 37
40. The apparatus of claim 31, wherein the processor receives the

i ndi cation via,si l(%nal i gg froma Node B. 41. The apparatus of claim
31, conpri Kepiyingine sespad HARSEHAHRRN Omk R sEbseeaBcTher f or ns
mul tiple-input nultiple-output (MM detection to spatially separate

mul tiple S%.eanﬁnra?ﬁ%%ﬁEQO&Eriﬁné:r ansm ssion. 42. The apparatus of

claimd41l, erein e procesSsor - processes at |east one streamin the
mul tiple streans based on the single-carrier nultiplexing scheme and
processes at | eastnsohepmctssngst firmbmaismigsion nedivédorem stirstaysr dspsmokndn

the nmulti- ier | tiplexing schene. ,43. .The.apparatus of claim
42 wher i DEHE SEr Ot eSO T B RE T BULUlPgE FURBRRET: ) cast one
stream based on the single-carrier nmultiplexing schenme prior to

processing for hhendfor bRR&dsin@NEscobiiEfansini SR rbesied fosin hliécond UE in
mul ti-carrier multiplexing schene. 44. The apparatus of claim4l,

wher ei n t hecoprdees ik arpdAwairies mpliploxige sehgmef data streans via one
or nore of the nmultiple antennas.

28.  The apparatus of claim 27, further comprising:
means for receiving the first transmission on a first set of subcarriers and
means for receiving the second transmission on a second set of subcarriers.
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



45. The apparatus of claim 44, wherein each of the plurality of data

streans @G M5Hogd €d i n accordance with the single-cargdgtis2o07/083382
mul tipl exi ng schenme or the nulti-carrier multiplexing schenme based on

one or nore attributes of the respective data streans. 46. The
apparatus of claim45, wherein one or e of the data streans with
| ow SNR are nodul ated according to the single-carrier nultiplexing
schene while one or nore of the data streans with high SNR are

nodul ated according to the nmulti-carrier nultiplexi hene., A4A7.
The appar aPti<om PIOFasHeser rasmission n pracpdaEe wib AR indibald midhikexeq
accordancesWehfd: ke single-carrier multiplexing schene are
transmtted fromone of the nmultiple antennas while the plurality of
data streans nodul ated in accordance with the nmulti-carrier

mul ti pl exi ng sch&mmay eoupeh®ihe pgesseibm at | east two of the nultiple
antennas. 38 48. The apparatus of claim45, the plurality of data

" L at . . _ o e . . ,
schoms andthe. mif ErraEis PGS MiobRrdit e il e A IR MR 10
one of theOnhbpompll Ercanteyriasisionddultipheimpp(@hlEvius of cl ai m 45, the

plurality of data streans nodul ated in accordance wth the
single-carrjer | tiplexing.scheme and the.mylti-carrier pultjplexin
schome ar €337 andfif FRIGERLF} BeIai 1 o Adtrcdn I SHRs-E5rrigr mp plosing sohprae 1S on
antennas. bQocdiRd FRRRCALMSIVRiof MRAIHPIAdng LMY BF Bltdiicdve Fdgldcy

streans nodul ated in accordance with the single-carrier multiplexing
schene ar eDivisins MultipldxihgdRRM).| east two of the nultiple antennas
while the plurality of data streans nodul ated in accordance with the

mul ti-carr EE romgd hﬁ’ﬁﬁé&h%@fﬁc@%ﬁg > wileford ¥h%rri33$‘ciets§0?(?ngp$em %ﬁ%ogtfi%&r?%?

mul tiple antennas: conpri si IRV

i ndi cat i ongileafRes Rir éhd Im@ceatidamaBipldxinp &homk ! dndaRapsidara ondohtiphcisiong
schenme or a single-carrier nultiplexing schene; and per form ng
processi ngPHEORHEAYHSUDSRIGKTS far HiscwHHF AT Er WultpleHaE pR¥Meat ed

mul ti pl exi ng schene.

35.  The apparatus of claim 31, wherein the processor sends a first pilot sequence if
the single-carrier multiplexing scheme is selected and sends a second pilot sequence if

the multi-carrier multiplexing scheme 1s selected.

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.



52. The nethod of claimb51, wherein the perform ng processing

conpri ses mappi ng data on continuous subcarriers for the
single-carrier nultiplexing schene, and7 mappi ng data on
continuous or non-continuous subcarriers for the nulti-carrier

mul ti pl exi ng scheme. 53. An apparatus conpri sing: means for

receiving an indication to operate in accordance with a nmulti-carrier
mul ti pl exi ng scheme or a single-carrier nultiplexing schene; and

The i ndi catgd milt PEATe Qehore el D0kTaa B smedt BROBY Gatih

39 54. Theigagparfadma Ndfded.ai b3, wherein the neans for performng
processi ng conpri ses nmeans for mappi ng data on conti nuous

subcarrier 31 .f or TBQ gppsalrar}gsl gf c(ia%{nr él corrrrllﬁ}lgzlng mu)ftqug ascéglsarsmand%ﬂe processor
performs multiple-input multiple-output (MIMO) detection to spatially separate

multiple streams received in a transmission.

42.  The apparatus of claim 41, wherein the processor processes at least one stream
in the multiple streams based on the single-carrier multiplexing scheme and processes at
least one other stream in the multiple streams based on the multi-carrier multiplexing

scheme.

43.  The apparatus of claim 42, wherein the processor performs processing for the at
least one stream based on the single-carrier multiplexing scheme prior to processing for

the at least one other stream based on the multi-carrier multiplexing scheme.

44, The apparatus of claim 41, wherein the processor transmits a plurality of data

streams via one or more of the multiple antennas.

45.  The apparatus of claim 44, wherein each of the plurality of data streams are
modulated in accordance with the single-carrier multiplexing scheme or the multi-
carrier multiplexing scheme based on one or more attributes of the respective data

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.



means for mapping data on conti nuous or non-continuous subcaniers for
t he nul t ky@ adogip€oedrul ti pl exi ng schene. 55. A processorpdgashabl/essss:

nmedia for storing instructions operable to: recei ve an
indication to operate in accordance with a multi-carrier nultiplexing
schene or a single-carrier nultiplexinggchene; and perform

processing for transm ssion in accordance with the indicated
mul ti pl exi ng schene. 56 The processor readabl e nedia of claimb55,
and furthe for

or ng lnstru a t .__map data on
cont i nuous Subc 1P REkERe s, RrSRERA et Tiee S Fusf 2B mespadance
and 157312} tﬁhﬁ&ﬁgl@@aﬁ@ﬂ hidﬂt‘qﬂbb&n% EchamiR-28e0 rﬂie RUBUGISethedAfipleRing sEidme
the multi-carrier_ multiplexin
are transmitted from one of the multlple antennas,
49.  The apparatus of claim 45, the plurality of data streams modulated in accordance
with the single-carrier multiplexing scheme and the multi-carrier multiplexing scheme

are transmitted from at least a plurality of the multiple antennas.

50.  The apparatus of claim 45, the plurality of data streams modulated in accordance
with the single-carrier multiplexing scheme are transmitted from at least two of the
multiple antennas while the plurality of data streams modulated in accordance with the

multi-carrier multiplexing scheme are transmitted from one of the multiple antennas.
51. A method comprising:

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

multiplexing scheme or a single-carrier multiplexing scheme; and

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.
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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.



