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peak t o- average ratio (PAR) in wreless comunication.
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lti pigd ing schemes is peak-to-average ratio (PAR),
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anplifier (PA) to be operated at an average out put
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[0003] hi gWieless wohinmencatioe giystams rrpwitslbiigpleyddito pabividh various

rcrgx}/m{ul?l%ration services such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may employ various multiplexing schemes such as code
division multiplexing (CDM), time division multiplexing (TDM), frequency division
multiplexing (FDM), orthogonal frequency division multiplexing (OFDM), single-
carricr FDM (SC-FDM), ctc. OFDM and SC-FDM partition an overall systcm
bandwidth into multiple orthogonal subcarriers, which are also referred to as tones, bins,
etc. Each subcarrier may be modulated with data. In general, modulation symbols are
sent in the frequency domain with OFDM and in the time domain with SC-FDM.
[0004] A metric that is pertinent for all multiplexing schemes is peak-to-average
ratio (PAR), which is also commonly referred to as peak-to-average power ratio
(PAPR). PAR is the ratio of the peak power of a signal to the average power of the
signal. A high PAR is undesirable since it may require a power amplifier (PA) to be
operated at an average output power that may be much lower than the peak output
power, or backed off from peak power. This is because large peaks in the signal may
cause the PA to operate in a highly non-linear region or possibly clip, which may then

cause intermodulation distortion and other artifacts that may degrade signal quality. By
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dependent on the PAR, the PA may be able to handl e

| arge peaks in the signal w thout generating excessive

di stortion. However, the backoff results in

inefficient operation of the PA at tines when |large

peaks are not present in the signal. Thus, it is

desirable to reduce the PAR of 2the signal so that the

PA may be operated closer to the peak output power, if

necessary. [0005] There is therefore a need in the art
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[0007 A transmitter may perform spectral shaping on modulation symbols, if

enabled, to obtain spectrally shaped symbols. The spectral shaping may be performed
in the frequency domain either within an allocated bandwidth or with bandwidth
expansion. The modulation symbols may be transformed to the frequency domain to
obtain frequency-domain symbols. Spectral shaping may then be performed on the
frequency-domain symbols, ¢.g., by multiplying the frcquency-domain symbols
element-wise with the window function, to obtain the spectrally shaped symbols. An
SC-FDM signal may then be generated based on the spectrally shaped symbols, e.g., by
mapping the spectrally shaped symbols to a set of subcarriers assigned to the
transmitter, transforming the mapped symbols to the time domain, and appending a

cyclic prefix to each SC-FDM symbol.



transmtter, transform ng the nmapped synbols to the

time domain, and appending a cyclic prefix to each
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the di sclosure are described in further detail bel ow

BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1 shows

a wireless communication system [0010] FIGS. 2A to 2C

show t hree subcarrier structures for SCFDM [0011]

FIGS. 3A to 3D show signal constellations for four

nodul ati on schenmes. [0012] FIG3 4 shows a process for

sel ectively applying spectral shaping. [0013] FIG 5

shows a bl ock di agram of a user equi pnent (UE) and a

98] B. VoOdus aspe@s afd Sabwes af the discloadiimgpradeafribad in further detail

§ EDM nodul ator. [0015] FIG 7A shows spectral

ﬁapl ng wwthin an all ocated bandw dth. [0016] FIG 7B

shows spectral shaping with bandw dt h expansi on.
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DETAILED DESCRIPTION

[0022] FIG. 1 shows a wireless communication system 100 with multiple Node Bs
110 and multiple UEs 120. A Node B is generally a fixed station that communicates
with the UEs and may also be referred to as an evolved Node B (eNode B), a base
station, an access point, etc. Each Node B 110 provides communication coverage for a
particular geographic area and supports communication for the UEs located within the
coverage area. The term “cell” can refer to a Node B and/or its coverage area
depending on the context in which the term is used. A system controller 130 may
couple to Node Bs 110 and provide coordination and control for these Node Bs. System
controller 130 may be a single network entity or a collection of network entities, e.g., an
Access Gateway (AGW), a Radio Network Controller (RNC), etc.

[0023] UEs 120 may be dispersed throughout the system, and each UE may be
stationary or mobilc. A UE may also bc rcferred to as a mobilc station, a mobilc

equipment, a terminal, an access terminal, a subscriber unit, a sfation, etc. A UE may be
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equi pnent, a termnal, an access termnal, a

subscriber unit, a station, etc. A UE may bea cel |l ul ar

phone, a personal digital assistant (PDA), a w rel ess

conmuni cati on device, a handhel d device, a wireless
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with zero, one, or nultiple Node Bs on the downlink

and/ or uplink at any given nonent. The downlink (or

forward link) refers to the conmunication link from
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performance. For clarity, certain aspects of the techniques are described below for
uplink transmission from a UE to a Node B with SC-FDM.
[0026] FIG. 2A shows a subcarrier structure 200 for LFDM. The overall system
bandwidth of BW MHz is partitioned into multiple (K) orthogonal subcarriers that are

given indices of 1 through K, where K may be any integer value. The spacing between
adjacent subcarriers is BW/K MHz. A subset of the K total subcarriers may be usable
for transmission. The remaining subcarriers, which are typically located at the two band
edges, may serve as guard subcarriers to allow the system to meet spectral mask
requirements. For simplicity, the following description assumes that all K total
subcarriers are usable for transmission. For subcarrier structure 200, the K total

subcarriers are arranged into S non-overlapping sets, with each set containing N



gi ven indices of 1 through K, where K nmay be any
i nteger val ue. The spaci ng between adj acent
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subcarriers nmay be usable for transm ssion. The
remai ni ng subcarriers, which are typically |located at
the two band edges, nmay serve as guard subcarriers to
all ow the systemto neet spectral mask requirenents.
For sinmplicity, the follow ng description assunes that
all K total subcarriers are usable for transni ssion.
For subcarrier structure 200, the K total subcarriers
are arranged into S non-overlapping sets, with each
seitiguons aibaaﬂ@rmmé @.ueh,sl\babcaad K erS N vaSet e fGrzekl, NS},
>1 and K=S-N. Set s, for {]\.‘;L . , contains
sepeinp splqagriers (yrlmlﬂl &llrﬁltabgh [0027] FIG 2B

i‘ﬂ%ﬁr ri @#@'C 3 Gl & S 8 UC, e é%f %og%g{rf%rr Qbggrgler structure

at0,ahg Bototad tsobcﬁmm aty/erdngpdintg S&&tﬁovaﬂappmgesets, wgiéth each set

ta b hat AN m .
G P NauDeREsIht et Rty Wbk PP gt ogeguboericrs
Szhure KS@B;NC ugbﬂ@cﬁw&mmamem inreaclagdt apetpaged apqrabe s subcarriers.
art., by S subcarriers

SEht 47 <ddbodt b4 OIS su %gaxy%% *+§t §+2[Se@f£8] Eil G 2C
iﬁ@(ﬁ 2 FY@'C% hg\l;VS §tsg¥&tl’ﬁélestl%g91ré 4 l%gﬂ'DIElo 'For subcarrier

rrier structure he K tota carrliers are .
aqu@ellzﬁ, thedK swtnbwb@mererseqrp |angngfeft@to Sinbh-owadéppdeg sets, with each

Qg ”:% ne cﬁg[?)ﬁlgyﬁiss&{?aﬁlép&@l%{ 4 Fbu‘tJEiaJ c‘?ésst%ié ktbcﬁla?%lbcamers

across carriers.

Fooegpd sat, ehes Oagredpsagpaspadey aﬁaﬂt/lbs Lﬂad\ﬂirswbearﬂprsamd eavblgroup
ntains,.Mc nsecutl ri.ers, where NGM

%mftﬁ%ﬁg\? CPﬂscgﬁBWé? %U[ Ca%lc%ﬁv & ziuétl\duct ure nay

[0029yde BnyendwHIPesubRhiE lﬁuﬁﬁi‘e&lﬁ@y g hedehegrduntder ®€h6n-

Each subcarrier set ntai n any nunber of .
ST AR b oatter Sy BAth Sibokmist RO ra ortein 2y mygyber of subcarriers

The afiy BRAGT 18K SftAISuBBrieRN e tubfiRrisAdwts Mhy dbhthBl t88kame or
nunbers of subcarriers. For each set, the subcarriers

idifqrars nuwabeingt BbCaIcE: AT ceeh siteths b ericrgdn Sispighmay be adjacent

i Ghe 2fdthdtHsTsBHRh ¥n BTG 2A i RRHmAF Hﬁﬁ'ﬂauttélﬁao??is%ttﬁghystem bandwidth
bandwi dt h_as shown in FIG 2B, arranged in multip

g Sy NG 28 aﬁénw%wmmkograem@gt wRE bg );déqt@lmted across the
*aggg&w Hhiwafh 30N th FIdG2 2 6r dRkristitsd Sdrbik 1Re s?s%rﬁ%ﬁnd\mdth in

system bandw dth in othér nmanners. Different
wiher peangexsi dMiéigrant Uksrmont be tdsicned differset %lbamem$ @nd would then

e PRty RNl e | eqvency

fORRA] at i Syistgmlfﬂéwggaxs}quoa;gfabpnanpdphage schemes such as binary phase
shift keying (BPSK), quadrature phase shift keying (QPSK), M-ary phase shift keying
(M-PSK), quadrature amplitude modulation (QAM), etc. Each modulation scheme is
associated with a specific signal constellation containing 2® signal points, where B=1
for BPSK, B=2 for QPSK, B =4 for 16-QAM, etc. Each signal point is a complex
value for a modulation symbol and is associated with a different B-bit binary value. In
general, higher order modulation schemes are associated with signal constellations
containing morc signal points, and morc bits may mappcd to cach modulation symbol.
[0031] FIG. 3A shows a signal constellation for BPSK. This signal constellation
has two signal points on a real or inphase (I) axis at +1 and —1. Alternatively, the two
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variation may be greater for higher order modulation schemes (e.g., 16-QAM) and less
for lower order modulation schemes (e.g., QPSK).

[0037] The amount of variation in the power of the SC-FDM signal may be
quantified by PAR. A cumulative distribution function (CDF) of the instantaneous
power of the SC-FDM signal may be obtained, e.g., via computer simulation. For a
given power level, the probability or amount of time the instantaneous signal power is
below this power level may be determined from the CDF. A reference power level may
be defined as a power level below which the instantaneous signal power remains for a
particular percentage (e.g., 99.9%) of the time. This percentage is referred to as an

operating point. In general, the reference power level is higher for higher operating
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Igowgmr m’g@ld;hglmgg m&ay also result in loss in link efficiency due to attenuation of
frequency components at the band edges. The attenuated frequency components may

effectively reduce the bandwidth utilized for transmission.

[0041] In an aspect, spectral shaping may be selectively performed when the gain in
PA efficiency more than offset the loss in link efficiency. A decision on whether or not

to perform spectral shaping may be made based on various factors such as:

e The number of subcarriers assigned for transmission, or allocated bandwidth,
¢ The modulation scheme used to generate modulation symbols, and

e The UE location or path loss.

The terms “assign” and “allocate” are sometimes used interchangeably.



(RRC) wi ndow, a Bessel w ndow, a Hanning w ndow, a

Gaussi an wi ndow, a triangular w ndow, or sone other
wowrmdoseowd t h t apered edges. [0040] Spectral sheEi/Ds2ONHY61884

i nprove PA efficiency by reduci ng PAR, which may then

all ow the PA to be operated at a hi gher average out put

power with | ess backoff. However, spectral shapi ng nay

also result inloss in link efficiency due to

attenuation of frequency conponents at the band edges.

The attenuated frequency conpo®ents may effectively

reduce the bandwi dth utilized for transm ssion. [0041]

In an aspect, spectral shaping may be selectively
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Be WMG giain Refligiengase t he average PA out put power.

lﬁg&gﬁ ai npiR BAKRESIHiERGoPRYEhEPSRIcE RRBuREDS 88hdnfli8. PAR may be
reduced by selecting progressively lower order modulation schemes until QPSK is
reached, e.g., going from 64-QAM to 16-QAM, and then from 16-QAM to QPSK.
Higher order modulation schemes may be selected under good channel conditions
and/or when the UE is not in transmit power limited conditions. In these cases, spectral
shaping may be bypassed, and the modulation order may be reduced instead, if needed,
to lower PAR. Spectral shaping may be applied for lower order modulation schemes,
e.g., QPSK. In general, a decision on whether or not to perform spectral shaping may
be madc bascd solcly on modulation scheme, bascd on modulation scheme and other
factors such as those noted above, or based on factors other than modulation scheme.
[0045] FIG. 4 shows a design of a process 400 for selectively applying spectral

shaping. A determination is made whether a UE is in transmit power limited conditions,



inlink efficiency when the UE is in transmt power

limted conditions. [0043] Conversely, when the nunber
we@booasxioghed subcarriers is snmall and/ or the pRETUFM9%061884

is small, the UE may be able to achieve the desired

SNR per subcarrier with relatively | ow PA out put

power. When the UE is not in transmt power limted

condi tions, applying spectral shaping may result in

loss in link efficiency without any noticeable gain in

PA efficiency. [0044] PAR is typically higher for

hi gher order nodul ati on schenes. PAR may be reduced by

sel ecting progressively |ower order nodul ati on schenes

orvhich m@p 8K dependeatcdrethe rantber ofjeitwgrriaro mhl@4tedAbithoUE, the UE

r.om her or der

Jrgc&‘ %gﬂtetgxglsocg%z v ﬂj% 1%3 e‘cﬁf‘?n(eg:dS %@r glcr)lgr n&ﬂ’é’ﬁ?&f er limited
conditibno spmdhg rtha/\ha rat b highedEaveragodutpit gavesrsyould popeie
limted co [ hese cases, ctral. shapi ) .
Byl RN Bing P R PaT FOBOP Gy it deidmined in
Ibiﬁﬂilstqﬁd, ‘th&ﬁtsg@dﬂral B]ilﬁapﬂt@?ﬁﬁ ble ﬂ)@pilsswgblﬁ’dim 1d@|p @théise, if the UE is
S |nrra e ie or | ower order . nodu io

ﬁ@%@tp Ronqitionsa then Jet%%ﬂoa %ﬁyg miele prhsther 2
Q(liwMrdél&n@@ﬂﬁ@ém&léﬁfétafséﬁcuﬁ:&ﬁﬁ/htﬁgoWBﬁ’PhR ﬁ@'@d QPN LR available
Zol el lg)noﬁrg{ ul ati on schene, based on_ nod tion

S WPLE ¥e8 > theprthe loves saderpediatinpiremg may be

E@l&@t@d edirddacs PAR Sidw@low haP ARIsWRhit Qﬂh%‘ﬁ@ﬁi%ra t power
Fl G ho a design of a process 400 for sel ectivel

&‘blBP%f‘% erviss. 1EA éﬁﬂ"ﬂg’f o edulatinnsehrms With lesss PAK is not
wogitahes, tRendpetSall Sﬁalslh% d}%‘ﬁ%& td fé@uE@ﬂAR (black 422).

condi ti ons, whi ch ent on the nu
J0063 r | EIG. hshosvsa %mcxﬁf den@nLEwhlﬂesmetrab@apm@ns amlmd when the

U RGK tAhdhit pyaf%r Hﬁuféﬁ%oﬁ@it Qéﬁdjﬁ{aqgw{ep ol | h{(])duﬁmmﬁ B\cheme with

transmt power con trons if oper ati ng
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may sitiply obey the directive from the Node B. Spectral shaping may also be applied
based on one or more predetermined criteria or rules that may be known a priori by
both the UE and Node B. In this case, the Node B may presume that spectral shaping is
applied by the UE whenever the one or more criteria or rules are satisfied, and signaling
may be omitted. The processing at the Node B may be dependent on whether or not
spectral shaping is applied at the UE. For example, the attenuated frequency
components may be given less weight in the decoding process when spectral shaping is
applicd.
[0048] In another aspect, one or more parameters of a window function or spectral
shaping filter may be varied based on one or more signal characteristics such as

modulation scheme, the number of allocated subcarriers, etc. In one design, the



[0046] FIG 4 shows a specific design in which

spectral shaping is applied when the UEis in transmt
wW@one0929%3ri t ed conditions and if a | ower orderPCT/US2007/061884

nodul ati on scheme with lower PAR is not available. In

general, spectral shaping may be sel ectively applied

based on any one or nore criteria, which may be

defi ned based on any factors. For exanple, spectra

shapi ng may be applied when the UEis in transmt

power limted conditions, regakdl ess of the nodul ation

schenme. As anot her exanple, spectral shaping may be

sel ectively applied based on the nunber of subcarriers
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symbol estimates, which are estimates of the modulation symbols sent by UE 120. A

receive (RX) data processor 570 processes (e.g., symbol demaps, deinterleaves, and
decodes) the modulation symbol estimates and provides decoded data and signaling. In
general, the processing by SC-FDM demodulator 560 and RX data processor 570 at
Node B 110 is complementary to the processing by SC-FDM modulator 520 and TX
data processor 510, respectively, at UE 120.

[0052] Controllers/processors 530 and 580 direct the operation at UE 120 and Node
B 110, respectively. Mcmorics 532 and 582 store program codcs and data for UE 120
and Node B 110, respectively.

[0053] FIG. 6 shows a block diagram of a design of SC-FDM modulator 520 at UE
120 in FIG. 5. Within SC-FDM modulator 520, a serial-to-parallel converter (S/P) 610



[0049] FIG 5 shows a block diagramof a design of a

UE 120 and a Node B 110, which are one of the UEs and
woae/B®943 n FTG 1. For sinplicity, only proceRSI/NfR007/061884

units for uplink transm ssion are shown in FIG 5.

[00501 At UE 120, a transmt (TX) data processor 510
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OB PPPigh e 1g3tL prapplss akthgnssiubpertionppg agperdsdhese C samples to the
front of the useful portion to form an SC-FDM symbol contains K +C samples. The

cyclic prefix is used to combat inter-symbol interference (ISI) caused by frequency
selective fading. An SC-FDM symbol period is the duration of one SC-FDM symbol
and is equal to K +C sample periods.

[0055] The spectral shaping may be performed based on various windows. In one
design, the spectral shaping is based on a raised cosine window, which may be

expressed as:

0.5+0.5¢cos(w+7z-n/L) for n=1,...,L
Wee(n)=1 1.0 for n=L+1,.,N-L , Eq(1)
0.5+05¢cos(z+7z-(N—n+1)/L) for n=N-L+1,..,N



nodul ati on synbol s, transforns these nodul ation
synbols fromthe tinme domain to the frequency domai n,
wa@ea7p929¥3 des N frequency-domai n synbol s. A spRCT/D81007/061884

shaping unit 614 receives the N frequency-domain
synbols from DFT unit 612 and spectral shaping control
fromcontroller 530. Unit 614 perforns spectral
shapi ng on the frequencydomain synbols in the
frequency domai n when enabl ed and as indicated by the
spectral shaping control and pkbvides N spectrally
shaped synbols. A synbol -to-subcarrier mapping unit
616 receives the N spectrally shaped synbols, maps
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and the remaining frequency-domain symbols are unaffected by the window function.

The spectral shaping may be performed within the allocated bandwidth of N subcarriers
as shown in FIG. 7A. In this case, no signal components are present outside of the
allocated bandwidth.

[0059] FIG. 7B illustrates spectral shaping in the frequency domain with bandwidth
expansion. A window function containing more than N (or N") non-zero values may be
defined based on a raise cosine window, a root raised cosine window, etc., where
N'>N. For example, the window function may be defined such that its midpoint (0.5)
is located at the edges of the allocated bandwidth, as shown in FIG. 7B. The N
frequency-domain symbols from DFT unit 612 may be repeated, and an appropriate
number of prefix symbols and suffix symbols may be appended at the beginning and

end of these N frequency-domain symbols such that the total number of frequency-



wi ndow transition width or roll-off, in nunber of
sanpl es. 10056] W ndow function wc (n) is non-zero

wo o007/092915 ..., N and zero for all other val ueBCDUSI907/061884
W ndow function w (n) transitions from0.0 to 1.0 in
the first L sanples on the |eading edge and
transitions from1l.0 to 0.0 in the last L sanples on
the falling edge. L is the window transition w dth and
determnes the roll-off at both the |eading and
trailing edges. L may be a con¥3 gurabl e paraneter that
may be sel ected based on the nunber of assigned
subcarriers, the nodul ation schene, etc. For exanple,
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further performs data detection (e.g., matched filtering, equalization, etc.) on the N
scaled symbols with channel gain estimates and provides N detected symbols. An IDFT
unit 820 performs an N-point IDFT on the N detected symbols and provides N
modulation symbol estimates for the received SC-FDM symbol.

[0062] For clarity, the techniques have been specifically described for uplink
transmission from a UE to a Node B. The techniques may also be used for downlink
transmission from a Node B to a UE, for peer-to-peer transmission from a UE to another
UE, etc. The techniques may be used for various wireless communication systems and
networks. For example, the techniques may be used for wireless wide area networks

(WWANS) such as cellular networks and broadcast networks, wireless metropolitan

area networks (WMANS), wireless local area networks (WLANS), etc.



frequency-domain synbols from DFT unit 6 12 may be
repeated, and an appropriate nunber of prefix synbols
w783 x synbol s nay be appended at the begPCHUSZP07/061884
and end of these N frequency-donmai n synbol s such t hat
the total nunber of frequencydomain synbols (N)
mat ches the | ength of the wi ndow function. The N
non-zero val ues of the wi ndow function may then be
multiplied elenent-wise with the N frequency-donain
synbols to obtain N spectral li¢ shaped synbols. The
spectral shaping with bandw dth expansi on may result
in sone signal conmponents being present outside of the
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esti rrat es and provides N detected synbol s.
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multiplying the frequency-domain symbols element-wise with the window function, to

obtain the spectrally shaped symbols.

[0065] The SC-FDM signal may be generated based on the spectrally shaped
symbols (block 918). The spectrally shaped symbols may be mapped to a set of
contiguous subcarriers for LFDM, a set of subcarriers distributed across the system
bandwidth for IFDM, or some other set of subcarriers. The SC-FDM signal may be
generated based on the mapped spectrally shaped symbols, €.g., by transforming the
mapped symbols to the time domain and appending a cyclic prefix to each SC-FDM
symbol.

[0066] FIG. 10 shows a design of an apparatus 1000 for data transmission.
Apparatus 1000 includes means for determining whether or not to perform spectral

shaping for an SC-FDM signal based on at least one criterion (module 1012), means for



transm ssion froma UE to a Node B. The techni ques may
al so be used for downlink transm ssion froma Node B
W 200a/00845 f or peer-to-peer transm ssion from aPCUFUS®07/061884
anot her UE, etc. The techni ques may be used for
vari ous wreless communi cati on systens and networ ks.
For exanple, the techniques may be used for w rel ess
wi de area networks (WMNs) such as cel |l ul ar networks
and broadcast networks, wireless netropolitan area
net works (WMANs), wireless | ocal area networks
(WLANs), etc.[0063] FIG 9 shows a design of a process
900 perforned by a transmtter (e.g., a UE or a Node
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&F Granens dounets 1ng SR P g pREPol E ety o GPchipises (block
BI2251 §nbshaaiing ndalylthet bé‘rp@if&mead;mbadecb@&ﬁloblm forttheset of
nodul ati on _schene and/ O&?&Te nmber subcar ers
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hown 1 n 7A) or with bandw dth expansion (e.g.,
@t:émyﬁm(«bquli 1F1F2® 7B). The nodul ation symbols may be
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ency dormai n synbol™s. Spectral shapin
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EWIn uncti on tarn t espectra
sivdpltos gpinbbkestimates for a set of subcarriers used for transmission (module

1220). Module 1220 may include means for transforming received samples for the SC-
FDM signal to the frequency domain to obtain received symbols for a plurality of
subcarriers (module 1222), means for performing symbol scaling and data detection on
received symbols for the set of subcarriers used for transmission to obtain detected
symbols (module 1224), and means for transforming the detected symbols to the time
domain to obtain the modulation symbol estimates (module 1226). Modules 1212 to
1226 may comprisc proccssors, clectronics devices, hardwarc devices, clcctronics
components, logical circuits, memories, etc., or any combination thereof.

[0069] The techniques described herein may be implemented by various means. For

example, these techniques may be implemented in hardware, firmware, software, or a



[ 0065] The SC-FDM signal may be generated based on the
spectrally shaped synbols (bl ock 918). The spectrally
W@ bapeekosynbol s nmay be mapped to a set of contPQUUSE07/061884

subcarriers for LFDM a set of subcarriers distributed
across the system bandwi dth for | FDM or sone ot her

set of subcarriers. The SC FDM si gnal nay be generated
based on the mapped spectrally shaped synbols, e.qg.,

by transform ng the napped synbols to the tine domain

and appending a cyclic prefix i@ each SC-FDM synbol .
[0066] FIG 10 shows a design of an apparatus 1000 for
data transm ssion. Apparatus 1000 includes neans for
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[0068] FIG 12 shows a design of an apparatus 1200 for
data reception. Apparatus 1200 includes neans for

w0 e@eioniomy an SC- FDM si gnal carryi ng spectral | pCHOI8390T061884
synbol s (nodul e 1212) and neans for processing the
SC- FDM si gnal to obtain nodul ati on synbol estimates
for a set of subcarriers used for transm ssion (nodule
1220). Modul e 1220 may i nclude neans for transform ng
recei ved sanples for the SCFDM signal to the frequency
domai n to obtain received synbbls for a plurality of
subcarriers (nodul e 1222), neans for perform ng synbol
scaling and data detection on received synbols for the
set of subcarriers used forCLIAINS ssion to obtain
detected synbol s (nodul e 1224), and neans for
transform ng the detected synbols to the tine domain
to obtjai n tAe.poamatbQ §M§b0| estimates (nodul e
1226). Modul es 1212 to 226 may conprise processors,
el ect rablﬁaéfsormxrmfésor qeafigwsd do penfpize specsta dtarpum @smodulation

r
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signal processing devices (DSPDs),
‘gﬁ§4hable | ogi ¢ devices (PLDs), field programuable
gate arrays (FPGAs) processors, controllers,

m cro-contrqllers C rocessors el ectronic
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conbi nati on thereof [0070] For "a firrmnare and/ or
software i nplenentation, the techniques nay be
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executed by a processor . rocess
$ﬁ@bﬁ@ﬁ%PymﬁuveE@eﬁhmﬁkﬁnmwﬁﬁWWWim|n the processor or
external to the processor. |0071] The previous
description of the disclosure is provided to enable
any pér son ki dpperttisoftdiemat, twheseindkeatdeast ©se proeessor is

oot BTG 05 15 A BE i s
andh & Wizldg’evnﬁmbtiomtd olgaipl tbs spbefralhg shaped symbols.

6. The apparatus of claim 1, wherein the at least one processor is
configurcd to rcceive a command to perform spectral shaping and to perform spcctral

shaping as indicated by the received command.

7. The apparatus of claim 1, wherein the at least one processor is
configured to determine whether or not to perform spectral shaping based on at least one

criterion.



herein may be applied to other variations w thout
departing fromthe spirit or scope of the disclosure.
wabews/0omke di sclosure is not intended to be |iPCT/ER00D061884
t he exanpl es described herein but is to be accorded
the w dest scope consistent with the principles and
novel features disclosed herein. [0072] WHAT IS
CLAIMED | S: CLAIMS 1. An apparatus conprising: at |east
one processor configured to perform spectral shaping
on nodul ation synbols to obtail¥B spectrally shaped
synbols, and to generate a single-carrier frequency
di vision nmultiplexing (SCFDV signal based on the
spect 8al | y Bieapedragysnifalsm | wheacinginoatyeasd opé prbckssot be

at Least one-.processor. 2. The apparatus.of claim.1.
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perform spectral shaping in frequency donmain within an

al  ocat ed ndw dt h. The appar.atus qf claim1, .
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bandw dt h expansiaon. 4. The apparatus of claim 1
ARLAPn R Wb Ae e pR pPseeREsratie (AR 1sgtrrse bl
transformthe nodul ati on synbols to frequency domain

to obtain frequency-domain synbols, and to perform

spect i@t  shlsi apgaEs ofeclsimely varEsin dbsel laast prp Bracesser is
QM@%’L&_@& RedsoeshE Wtethes BARGDo PEFBRh Spectral IR RAPPALALHS:t least one
of clTaim4, wherein the at | east one processor is
eb#peiglstiot the SErFRBMsigptict ral shaping by nul tipl yi ng

the frequency-domain synbols with a wi ndow function to

obtain the spectrally shaped synbols. 6. The appar at us

of cl dilm 1, Therepperatus dfeclaim 1. odrereipike pirloew 990 proosssor is
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aprng and to perform spectr ng as
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rm ne er or not tTo ‘perform spectral shaping
based on at |east one criterion.8. The apparatus of
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configured to adjust at least one parameter of a spectral shaping filter based on at least

one characteristic of the SC-FDM signal, and to perform spectral shaping on the
modulation symbols based on the spectral shaping filter.

13. The apparatus of claim 12, wherein the at least one processor is
configured to adjust roll-off of the spectral shaping filter based on the at least one
characteristic of the SC-FDM signal.

14. The apparatus of claim 12, wherein the at least one processor is
configured to adjust the at least one parameter of the spectral shaping filter based on at
least one of a modulation scheme used to generate the modulation symbols and number

of subcarriers used for the SC-FDM signal.

15. The apparatus of claim 1, wherein the at least one processor is
configured to map the spectrally shaped symbols to a set of contiguous subcarriers and
to generate the SC-FDM signal based on the mapped spectrally shaped symbols.



configured to performspectral shaping in transmt
power limted conditions. 9. The apparatus of claim1,
wob@rey2943 he at | east one processor is confi guP€rUSIH07/061884
perform spectral shaping in transmt power limted
conditions and if a nodul ation schenme with | ower
peak-to-average ratio (PAR) is unavail able. 10. The
apparatus of claim11, wherein the at |east one
processor is configured to determ ne whether or not to
perform spectral shaping based%n at | east one
characteristic of the SC-FDM signal. 11. The apparat us
of claim1l, wherein the at | east one processor is
configured to determ ne whether or not to perform
spectral shaping based on at |l east one of a nmodul ation
o hembOused HePgERBR A e btm - RO 16y Bl BogGot &
sotitieiredfo Bup e peafAlyudpaded §mbdietoSCsdtDissbanadrs distributed

The apparatus, aof claim1, wherej at | east on
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BdcBERY Shareld sgmbBRCt ral shaping filter based on at

|'east one characteristic of the SC-FDM signal, and to

perform spectral shaping on the nodul ati on synbol s

based 19n t heppeRtdodlprifiapi ng filter. 13. The

apparatus of claim 12p, wherein the at | east one

pr oc e PSHPIPIESpRALTay ghaning on medylatiop symbelstto §ptaim gpectrally shaped
sbisangshaping filter based on the at |east one

characteristic of the SC-FDM signal. 14. The apparatus

of cl @epsragng m@ga-wrtwrefrmuen@agmmnpﬂ%@%s|( €FDM) signal
[ ] t | east one paraneter of the

gg%@t"?l# gg%%%ﬁangsﬁ?s‘feﬁ espﬁ'gggséd on at |east one of a

nodul ati on schene used to generate the nodul ation

synbol,s an reEier Jor the SC FDM

Si gnal1.§' 15%%%%%%%1?%?%} C giis(r:n &\?%Iég'ei n the at

| east deteempring eshsther dbsnatdn fpiexfore dptatrabrsippidpgebased on at least one

sgge%t ;lally shaped synbols to a set of contiguous

Subt8friers and to generate the SC-FDM signal based on

t he mapped spectrally shaped synbol s. 16. The appar at us

of claim 1, wherein the.at | east.one processor i :
cont 1 g6t eo T REBoR AEER07 r SR PyOSABHOB e ps Y syopine
g6inpeifesSplfoaminedpecilalshhpinp i€ degedRy osiaii anthbroaduebated

gnd to generate the SC- FDM si gnal based on the napped
sk ‘ly shaped synbol s.

20. The method of claim 17, wherein the performing spectral shaping
comprises

adjusting at least one parameter of a spectral shaping filter based on at least one
characteristic of the SC-FDM signal, and

performing spectral shaping on the modulation symbols based on the spectral

shaping filter.

21. The method of claim 17, wherein the performing spectral shaping on the
modulation symbols comprises

transforming thc modulation symbols to frequency domain to obtain frequency-
domain symbols, and

performing spectral shaping on the frequency-domain symbols to obtain the

spectrally shaped symbols, and



17. A nmethod conprising: perform ng spectral shaping
on nodul ati on synbols to obtain spectrally shaped

W@ en09Y2945 and generating a single-carrier fregRenty2007/061884
di vision nultiplexing (SCFDM signal based on the
spectrally shaped synbols. 18. The nethod of claim 17,
further conprising: determ ning whether or not to
perform spectral shaping based on at | east one
criterion. 19. The nethod of claim 17, wherein the
perform ng spectral shapi ng comprises performng
spectral shaping in frequency domain within an
al | ocated bandwi dth. 20. The nmethod of claim17,

wher %ﬁer&ihehggéﬁe@atmgnge SPEEDMAkighAlaRhigiseopr i ses
adj usting at

east one paraneter of a spectral shaping
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nodulation synbol s based on the spectral shaping
filter. 21. The nethod of claim 17, wherein the
perfq&pingAﬁgﬁgéﬁﬁkpgggggag:on t he nodul ati on synbol s
ormn

conprises tra i g the nodul ati on synbols to i
f r equeerny fdopeforming spscaphshrpEE TR S HEOH S EYRS fa obtain
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24. The apparatus of claim 22, wherein the means for performing spectral
shaping comprises

mcans for adjusting at Icast onc paramcter of a spectral shaping filter based on at
least one characteristic of the SC-FDM signal, and

means for performing spectral shaping on the modulation symbols based on the

spectral shaping filter.
25. A computer-readable medium including instructions stored thereon,
comprising:

a first instruction set for performing spectral shaping on modulation symbols to
obtain spectrally shaped symbols; and
a second instruction set for generating a single-carrier frequency division

multiplexing (SC-FDM) symbols based on the spectrally shaped symbols.
26. The computer-readable medium of claim 25, further comprising:
a third instruction sct for determining whether or not to perform spectral shaping

based on at least one criterion.

27. An apparatus comprising:
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proccssing the SC-FDM signal to obtain modulation symbol cstimates for a sct

of subcarriers used for transmission.

30. The method of claim 29, wherein the processing the SC-FDM signal
comprises

transforming received samples for the SC-FDM signal to frequency domain to
obtain received symbols for a plurality of subcarriers,

performing data detection on received symbols for the set of subcarriers used for
transmission to obtain detected symbols, and

transforming the detected symbols to time domain to obtain the modulation

symbol estimates.

31. An apparatus comprising:

means for recciving a single-carricr frequency division multiplexing (SC-FDM)
signal carrying spectrally shaped symbols; and

means for processing the SC-FDM signal to obtain modulation symbol estimates

for a set of subcarriers used for transmission.
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