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BACKGROUND
L. Field

[0002] The present disclosure relates generally to communication, and more
specifically to techniques for reducing peak-to-average ratio (PAR) in wireless

communication.

II. Background

[0003] Wireless communication systems are widely deployed to provide various
communication 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 system
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 mnay 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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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 frequency-domain symbols
clement-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.



3 [0008] vari ous aspects and features of the disclosure are described
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signal constellations for four nodul ati on schenes. [0012] FIG 4 shows
a process for selectively applying spectral shaping. [0013]FIG 5
shows a bl ock diagram of a user equi pnent (LIE) and a Node B.
[0014] FIG 6 shows a bl ock diagram of an SC- FDM nodul ator. [0015] FI G
7A shows spectral shaping within an allocated bandw dth. [0016] FI G
7B shows spectral shaping with bandw dth expansion. [0017]FI G 8
shows a bl ock di agram of an SC- FDM denodul at or .

[0008] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

100609] FIG. 1 shows a wireless communication system.

[0010] FIGS. 2A to 2C show three subcarrier stmctures for SC-FDM.

fo011] FIGS. 3A to 3D show signal constellations for four modulation schemes.
[0012] FIG. 4 shows a process for selectively applying spectral shaping.

[0013] FIG. 5 shows a block diagram of a user equipment (UE) and a Node B.
[0014] FIG. 6 shows a block diagram of an SC-FDM modulator.

[0015] FIG. 7A shows spectral shaping within an allocated bandwidth.

[0016] FIG. 7B shows spectral shaping with bandwidth expansion.

[0017] FIG. 8 shows a block diagram of an SC-FDM demodulator.

[0018] FIG. 9 shows a process performed by a transmiiter for data transmission.
[0019] FIG. 10 shows an apparatus for data transmission.

[0020] FIG. 11 shows a process performed by a receiver for data reception.
[0021] FIG. 12 shows an apparatus for data reception.

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 be referred to as a mobile station, a mobile

equipment, a terminal, an access terminal, a subscriber unit, a sfa.ﬁon, etc. A UE may be



[0018] FIG 9 shows a process perforned by a transmitter for data
transm ssion. [0019]FIG 10 shows an apparatus for data transm ssion.
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FDM, etc. IFDM is also referred to as distributed FDM.

[0025] In general, system 100 may utilize one or more multiplexing schemes for the
downlink and uplink. For example, system 100 may utilize (i) OFDM for the downlink
and SC-FDM for the uplink, (if) SC-FDM for both the downlink and uplink, (iii) one
version of SC-FDM (c.g., LFDM) for onc link and another version of SC-FDM (c.g.,
IFDM) for the other link, or (iv) some other combination of multiplexing schemes. It
may be desirable to use SC-FDM on the uplink to achieve lower PAR and to relax
power amplifier requirements for the UEs. It may be desirable to use OFDM on the
downlink to potentially achieve higher system capacity. In general, SC-FDM, OFDM,
and/or other multiplexing schemes may be used for each link to achieve the desired
performance. For clarity, certain aspects of the techniques are described below for
uplink transmission from a URE to a Node B with SC-FDM.

[0026] F1G. 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
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group cont ai g MARKBSEIL), YBadhtBrASHabCHER ORGE BQPER), Fi-al¥ phase shift keying
(M-PSK), quadratuie amplitude modulation (QAM), etc. Each modulation scheme is
associated with a specific signal constellation containing 22 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 () axis at +1 and —1. Alternatively, the two



[0029] I n general, a subcarrier structure may include any nunber of
non- overl apping sub carrier sets. Each subcarrier set may contain
any nunber wof . syheakriers and any one of the K total s ézhﬁ'o%lss}_he
subcarri er %s may contain the sane or different nunbers
subcarrlcrs. For each set, the subcarriers in the set may be adjacent
to one another as shown in FI G 2A, uniformy distributed across the
system bandwi dth as shown in FIG 2B, arranged in nultiple groups
that may be distributed across the system bandwi dth as shown in FIG
2C, or distributed across the system bandsi dth in ot her manners.
Different IJEs may be assigned different subcarrier sets and woul d
then be orthogonal to one another in the frequency donain.
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[0031]FIG 34 s constellation for BPSK This si gnal
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b2 on both thggreal and j mag |nar3/b)zra where bl and b2 are suitably

sel ect ed val ffaemes that may be supporte e system. The system may also support different
and/or other modulation schemes, e.g., 64-QAM, 256-QAM, etc.

[0036] For SC-FDM, a scquence of modulation symbols may be transmitted in the

time domain of a set of subcarriers used for transmission. The modulation symbols may
be generated based on one or more modulation schemes. Each modulation symbol is a
complex value for a signal point in a signal constellation. An SC-FDM signal may be
generated for the sequence of modulation symbols. The power of the SC-FDM signal
may vary over time. The amount of power variation may be dependent on the signal
constellation(s) used to generate the modulation symbols. In general, the power
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 sipnal 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



[0034]FIG . 3D shows a signal constellation for circular 16-QAM This
signal constellation has 16 signal points |ocated on two circles.

Four sign ' are located on an inner circle with i f
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with a radius of a2. The ratio a2 /a, may be varied, e.g., from1l.5
to 3.0. [0035]FIGS. 3A through 3D show signal constellations for four
nodul ati on schenes that nay be supported by the system The system
may al so support different and/or other nodul ati on schenes, e.g.,
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(dB), for a[§03%n oPARahiyTek fREh&Hd U?*?rérﬁﬁnﬁ%fsbé@ﬂl %8]’%2"% ﬂ%@@ftﬁcﬁi
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99.9% is i melpoatd. AR nal/be reduced by attenuating frequency components at the two band

cdges with a window function such as a raised cosine window, a root raised cosine

(RRC) window, a Bessel window, a Hanning window, a Gaussian window, a triangular
window, or some other window with tapered edges.

[0040] Spectral shaping may improve PA efficiency by reducing PAR, which may
then allow the PA to be operated at a higher average output power with less backoff.
However, spectral shaping may 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 wtitized 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:

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

¢ The UE location or path loss.

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



amount of power variation in the SC-FDM signal. To avoid saturation
of a power anplifier (PA), which may result in non-linearity and

I nt er nodul tortion, the PA may be operated wt f

t hat may bgdﬁﬂg&ééﬁt on the PAR A backoff of x dB m&@ﬁ%ﬁw’é[’“’f he
average signal power at the PA output is limted to x dB bel ow the
maxi mum PA out put power. The backoff allows the PA to anplify |arge
si gnal peaks w thout generating excessive intemdul ati on distortion.
A |l arge backoff may be used for a large PAR to ensure that the PA has
sufficient margin or headroomto account or |arge signal peaks.
However, operating the PAwith a | arge backoff due to a |arge PAR

| eads to inefficient PA operation. [0039] PAR nay be reduced by
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subcarriers ned f tra SS|on t ed .ban
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| ocation or tfpatshnid pn:&&r lifthed tcandidodsaggilging spaveral' shapingatay ‘reduce the PAR,
sonetimes us eﬁll hnt ertﬁen :) ﬂ)e a&le)bE to operate its PA with a smaller backoff and thus increase

the uverage PA output power. The gain in PA efficiency may more than offset the loss

in link efficiency when the UE is in transmit power limited conditions.

[00431 Converscly, when the numbcer of assigned subcarricrs is small and/or the
path loss is small, the UE may be able to achieve the desired SNR. per subcarrier with
relatively low PA output power. When the UE is not in transmit power limited
conditions, applying spectral shaping may result in loss in link efficiency without any
noticeable gain in PA efficiency.

[0044] PAR is typically higher for higher order modulation schemes. 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 umder good channel conditions
and/ox when the UE is not in transmit power limnited 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 made based solcly on modulation schome, basced on modulation scheme and other
factors such as those noted ab ove, or based on factors other than modulation scheme.
[0045] XIG. 4 shows a design of a process 400 for selectively applying spectral

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



8 [0042] Spectral shaping may be advant ageously applied when a UE is
intransmt power limted conditions, which is a situation in which
using nore_transmt power (if avail abI e) woul d be beneficial. Wether
or not theMA¥W2H transnit power limted conditions Piek/U$7407/061884
dependent on the nunber of assigned subcarriers, the TIE |ocation,
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subcarriers are assigned. This is because nore transmt power is used
for nore subcarriers in order to achieve ? gi ven si gnal -t o-noi se
ratio (SNR) per subcarrier. The required transnmt power may thus
scale linearly with the nunber of subcarriers. The UP is al so nore

likely to bewhnlhansd e?exﬂﬁﬂ@ %%&%@@%ﬁ&&h&@mﬂm&w&ﬁg@w

cell edge or_when, "obse V|nab path l'oss to a serving ce
i s because nifcEiem gigsehlackyd meayrheecgasiderad &y lerein f{d@éﬂaﬂ@gwnt lnmjcd

the large pai:ckhdlitﬁfﬂﬁ iedram Ltlfé’leA%t Qﬁ%héx%ﬁ'm%@ 8ﬂ1£rpu{ e?%& r}:ﬁ'glré

When the TIE i transm t power |imt con app

spectral shaBf §- B EE 5ot pndran sy weﬁélyuteﬁ@ﬂncahowa ¢¢éerm@etdon
operate its ROcKH14) tdenSFBlL Eh%ﬁf%‘&]ﬁ}f b@PhabitH ol RE i £HS Brth VEWIGE is

PA out put poyer . The gain in_ P fi'ciency may nore than of set the

loss in lin kmé?‘FWEl?té’HWr {méRd ponditigns; theq p dﬁean@ﬁmn Babe mefiervbeier a

condi ti ons. [oQQﬂBicE@ﬂM&ﬁl&ﬁbﬂsch%@ @ssiobﬁtéauﬁbfﬁfow&{- Pﬁis('e%” SiQtIQ @ dilaBleS
hIoss;s smal |, the t'o achi eve

is small and/
the desired %%‘Qg) BREFISTER 15 £4, » thep the; 9‘é’F§/°rﬂWWﬁmnpﬁabe%wey be
When the HE seSechmittoirétuice RARErd fMowethe l)N’Eb'&) &a&%di@b@iﬁmg@l@ﬂ{p&
spectral shapi W &l%mé 6@Ful.t ﬂ 0SS | efficiency wthou y
noti ceabl e gﬁ’ n ATV EPEnt PV 8 aP‘an PG&FF*J\SI/YI"WF’E] I?B‘Pt
hi gher or delravaddblbahemspeeﬁﬂ&gq?ang EARbe&%letb%ﬂiﬁe@ARé(llzmkq@) nﬁ
progressive r, modul ati.on schene i's reache
e.g., going %r oﬁln Fgﬁl\/zﬁflbovﬁs@ s@&ﬁhﬁcgﬁﬂgﬁ%‘ﬁﬁ’&&?ﬁcﬁl g @%P@W en the
Hi gher or der URgslinl izdnismiit. posieh timited mautitiensant 04 lotver oflier mgoadtishsnesk with
conditions a not ntra mit po | i m.ted .
condi ti ons. Pﬁfeﬁ Eégggggé%glléﬂé%e& FAFT I’?B?)ﬁqﬁ‘gsrl’?ﬁylg%a}b i?gﬁeﬁyémﬁidhe
modul at i on obdeql Omrawworemreedtelrmswhmu madyfbenie@datibastd oh anyefacldAR For
Spectr al ol I r.order dul atian sch
e.g. QDSK nerg’e ecf%l ﬁlggingl SFo 3332,/&“? %&l Wﬁd? tff‘%sr?}g??%‘?rﬁim&d
spect ral sha?ﬂnﬁglomycmdhqmﬁfba@edulgmm@cmn A dobthbr mn@tdﬁ@ﬁﬁtrallﬂﬁpﬂg
on nodul ati of,. ‘@ftﬂ abo
based on fagrgﬁoyrrggotﬁ}i1 Eﬂhmfu%@ﬁ%%ﬁgﬁﬁ%é%ﬁg%ﬁ%“ﬂ‘ SHY
desi gn of a #9?1%&5&38 Apoceerdance vatit 4 wellsteapiptd/sehgf sibect ral  shapi ng. A
determnatio ma ]

o Per o it iy bF setfoe £ RBlea, MGk, bl Pitng

condi ti ons, H{O epen
al | ocat ed t oSlWémsJ@ the @l@h@@aﬁ wactra shapingisgpRliet For efarapld the Mayle B

be consi der eglat 8ird® of thibrndins I
the PA at a hf%her gverﬁge El%ﬁ?g%g{m%rﬂoa}o&uﬁfﬂngﬁ%%%?%%?ﬁ&%lgﬁ%gtdﬁf

the TIE i s nBtY FPly ohryihe diseskive fiompmihe Mpde B direrwHshaping may elspibaenplisd
bl ock 414, tﬁh@éﬂ@rpeﬁédﬁhor%@?ﬁe%m%}i cBERrYR 2988 Mhaf BhPBK AN 4 p;zorzb

O herw se, %l&%s iin_transmt power limted condltlons r¥a
det er mi nat i ol?*'Pt tedsRe {p Eis %Psﬁd%woé‘i’ B@aﬁmﬂwmﬁrﬁpmwpmg is
associ at ed Vupﬁoliecl By\ﬂfe lFE\R'héﬁbvgr ihegﬂ&ﬁ miofc @iakid abhes R Q6K é}llgﬂd 91E1f1a11ng
the answer is 'Yes' Fle iﬁat he | ower er podul atj on schene

selected to ’F@H]ﬂ?:‘émﬁﬁ P’aﬂcFﬁWgcaﬁéh o4 Gparbsisraden; %@hethvaragé

out put poverspéitad ekaphOis appNdach MeSEE. Fbr skalrPIe theOdtlftatbPHMhRhEPN
schenme with | ower PAR i not t hen spectral shapi ng ‘may be

applied to rcé’m?é’geﬁﬁaF F &tien %‘2)""31%165&@]3@?@ ding WNETHS Whes gercfrpl shaping is
des! gn i n whapphedpectral shaping is applied when the

[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



UEis in transmt power limted conditions and if a | ower order
nodul ati on scheme with |ower PAR is not available. In general,
spectral s j be selectively applied based on any_one or nore
criteria, %ﬂ“ﬁgﬂ?@gbe defined based on any factors. Fo CWW%}SS“
spectral shaping may be applied when the UE is in transmt power
limted conditions, regardl ess of the nodul ati on schene. As anot her
exanpl e, spectral shaping may be sel ectively applied based on the
nunber of subcarriers and/or the nodul ati on schenme, e.g., in
accordance with a predeterm ned set. of ryhes. [0047]1f spectral
shapi ng may be sel ectively applied, then the DE may send signaling to
t he Node B whenever spectral shaping is applied. For exanple, the
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S as

nodul at or 520 perforns nodul ati on on dul ati on s

descri bed bdrrewdaﬁwcwmﬂéages@u%fpﬁ@-lﬂ%mmeg@duwomﬂap@nﬂli@rpec MRS CFDM

processes ( eddhodul®ioN 8h e eCeiPitPdabiblesMIRkidribes belbiy ah@'b?ow@él%odulaﬁon
frequency upcoqjé)(frts) t he out put sanpl es and_generates an uplink

si gnal , whi ch™be! estmiadss; which aps estisptespf dhpodpation 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. Memorics 532 and 582 storc program codes 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



[ 0051] At Node B 110, an. antenna 552 receives the uplink signal from
HE 120 and provides a received signal to a receiver (RCVR) 554.
Recei ver 554 g)r ocesses (e.qg., filters, anplifies, frequency

dovvnconveM200%Ma%4§i i ti zes) the received signal and prENIEReE061884
recei ved sarrpl es. An SC-FDM denodul at or (Denpd) 560 perforns SC- FDM
denodul ati on on the received sanpl es as descri bed bel ow and provi des
nodul ati on synbol estimtes, which are estimtes of the nodul ation
synbol s sent by HE 120. A receive (RX) data processor 570 processes
(e.g., synbol denmaps, deinterleaves, and 1gecodes) t he nodul ati on
synbol estimates and provi des decoded data and signaling. In.
general, the processing by SC FDM denodul ator 560 and RX dat a

processor 57 y ta th [ OCcessi
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design, the spectral shaping is based on a raised cosine window, which may be
expressed as:
0.5+05¢cos(z+x-n/L) for n=1,...L
W, (1) =1 1.0 for n=L+1,.,N-L , Eq(1)

0.54+05¢cos(w+w-(N—n+1)}/L) for n=N-L+1,...N



design, the spectral shaping is based on a raised cosi ne w ndow,

whi ch may be expressed as: 0.5+ 0.5 cos(re +n/L) for n ;&L ..+,L W
n = 1.0 St 0.5 cos(yr +/-c-(N-n+l)/L) for n=L+1,... ] ar n
(:I\B L+1, . . .%IQZI‘:;&F’?(P&S)“S 12 where wn(n) is a raised cosine Mibi3p7/061884

function, nis sanple index, and L is the

12

where w,.(») is araised cosine window function, » is sample index, and L is the

window transition width or roll-off, in number of samples.

10056] Window function w,_ (#) is non-~zero for n=1,..., N and zero for all other
values of . Window function w,,(r) transitions from 0.0 to 1.0 in the first L samples

on the leading edge and transitions from 1.0 fo 0.0 in the last L samples on the falling
edge. L is the window trangition width and determines the roll-off at both the leading
and trajling edges. L may be a configurable pararneter that may be selected based on
the number of assigned subcarriers, the modulation scheme, ete. For example, L may be
proportional to N. L may also be inversely related to the modulation order, e.g., 2
smaller L. may be selected for a higher modulation order, and vice versa.

[0057] In another design, the spectral shaping is based on a root raised cosine
window w,,.(7) , which may be expressed as w,_(n) = 1[ w,.(7) . The spectral shaping

may also be based on other windows.

[0058] - FIG. 7A illustrates spectral shaping in the frequency domain within an
allocated bandwidth of N subcarriers. A. window function or spectral shaping filter
containing N non-zero values may be defined based on a raise cosine window, a oot
raised cosinc window, cte. The N non-zero valucs of the window function may be
multiplied element-wise with N frequency-domain symbols from DFT unit 612 to
obtain N spectrally shaped symbols, For the window function shown in equation. N,
the first and last L frequency-domain symbols are attenuated by the window function,
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 speciral 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-



w ndow transition, width or roll-off, in nunber of sanples.

[ 0056] W ndow function w ,t(n) is non-zero for n = 1, N and zero for
all other values of n. Wndow function w,, (n) transitions fromO0.0
to 1.0 in PHL2PTARS. sanpl es on the | eading edge and t PGRESAPTHGE884
from1l.0 to 0.0 in the last L sanples on the falling edge. L is the
w ndow transition wdth and determnes the roll-off at both the

| eading and trailing edges. L nay be a configurable paraneter that
may be sel ected based on the nunber of assigned subcarriers, the
nodul ati on scheme, etc. For exanple, L n§¥ be proportional to N. L
may al so be inversely related to the noduFation order, e.g., a
smaller L may be selected for a higher nodul ati on order, and vice

R D R AR R G el
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function or GpkipgMaih berdyidilyexnansion maywesuitrin semélsigosl componamd bese pyent

be defined hasss: MndaNdiail HaAsk L W ndow, a root raised cosine
w ndow, etc. The N non-zero val ues of the w ndow function may be

mul tiplied dPf8¢fint - Kpswpeqiralshaping withisiby 2liwmtedhandwidti sdfspecraDERepiny t
612 to obt aiwib&ResIhakbinsThaBRSD | J i

shown in equaé&].gn, 1 the first ﬁ%&?esﬁﬁﬁtgﬁglnﬁgﬁﬁ%%eﬁg%glﬁ%g?es
are attenuat® %Foglr%hwm'eﬁwn%@ Sibcariers, theevindemirell-nff, etc. An appropriate

f requency- dometiew Fyitbioh andbfa paaflas bethe Winddif ﬁWcﬂgﬁ)ggaé%UgﬁE{mﬁg?ng N

spectral shapj ng,may  be perfor wi thin_the allocat .

subcarriers ngf"%ﬁ&\%‘"’]ﬁl veI‘—ﬂil‘bdes”irg\.g%I‘\Ji1 for » giver srodulpsios iseheate andrmine rumber

are present ofghisdagiéerQf the all ocated bandwi dth. [0059]FIG 7B
frequency donmain with bandw dth

illustrates tr hapi ng in the

expansi on. Aﬁmdoa# }%hgl@fo(’j% ac@ﬂ?lé AT Hfsrdesign oh SRERM demodilator 560 @t
val ues nmay [éoddds I bih Fies S0 Vithin SCAFSEI ER8I ARt HO0 ey dicR&ix feflo38dmit
cosine w nd%\ﬁl r exa he w ndow functi on.

0§Ea'c" Mere. . > N F nple, t

may be def i nad R KRN Lo Al forgeecraed SEHIRM symbpheoelsed

of the all oceteiatdisamgiss doirespasdinf evhe ichiclfd grefisd, Bnd PRFidYs K received samples

frequency-dopmin. s %In? f rﬁg DET. unisgrﬁ%@[ﬁr;%ﬁy e repeated, and ar?

appropriate nunber 0 P p 1A %{/‘?FBBFQ 1 .séﬁ%qlstoTp&vgpllgleconverter

appended at 8l Aerdyedpstin Kgeaietdenthplds it faake] Forint. 4 WFMC¥nifQPB Mot B & -S

such that t tFcanntt fﬁ"%l or 18 Itecé)l]:reé ga%%igsna%_pmvides K received symbols. A symbol-to-
subcarrier demapping unit 816 provides N received symbols from the N subcarriers
assigned to the UE and discards the remaining received Symbols. A unit 818 scales the
N received symbols based on the spectral shaping performed by UE 120, Unit 818
further performs data detection (e.g., matched filtering, equalization, etc.) on the N
scaled symbols with channe] 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 clatity, 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 arca networks (WLANS), etc.



13 domain synbols (N ) matches the |l ength of the w ndow function.
The N non-zero values of the wi ndow function may then be multiplied
el enment - wi SM th the N frequency-domain synbols to obtain N

spect ral | y " HIBEE?2 5 mbol s. The spectral shaping with babfdhP3047/061884

expansion may result in sonme signal conponents being present outside
of the allocated bandw dth. [0060] For spectral shaping within the

al l ocated bandwi dth and spectral shaping with bandw dt h expansi on,
the PAR of the resultant signal nay be dependent on the nodul ation
schene, the nunmber of subcarriers, the wipdow roll-off, etc. An
appropriate wi ndow function and/ or a paraneter of the w ndow function
(e.g., roll-off) my be selected to achieve the desired PAR for a
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(2 007/ 0)92 945 F‘&I%%WB%W% gier within ar.(l \eﬁvfoclg.%)d ban&mdth Xepg., as shown in FIG.
7A) or with bandwidth expansion (e.g., as shown in FIG. 7B). 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, e.g., by
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 LEDM, a set of subcarriers distributed across the system
bandwidth for IFDM, or some other set of subcarriers. The SC-FDM signal may be
penerated based on the mapped spectrally shaped symbols, e.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



[0063] FIG 9 shows a design of a process 900 perforned by a
transmtter (e.g., a UE or a Node B) for data transm ssion. Wether
or not to Q‘%form ectral shaping for an SC- FDM si gnal maig be
det er ni ned MR8 YYGM3at | east one criterion (bl ock 912). PEHPSEWARHSE.
spectral shaping may be perfornmed in transmt power limted
conditions and/or if a nodul ati on scheme with [ower PAR is

unavail abl e. Whether or not to perform spectral shaping may al so be
determ ned based on at | east one characteristic of the SC- FDM si gnal,
e.g., based on the nodul ati on schene and/or the nunber of subcarriers
used for the SC-FDM signal. The transm tteer nmay deci de whet her or not
to performspectral shaping. Alternatively, the transmtter may be
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el ectronics Vi ces Foni c
| ogi cal ci r GldMsjgnabohe Esqueaty domain taobtagomwbéinedt aymbdthlbr aphurality 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 processors, clectronics devices, hardware devices, clectronios
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



[0067] FIG 11 shows a design of a process 1100 perforned by a
receiver (e.g., a Node B or a DE) for data reception. An SC- FDM
signal carrying spectrally shaped synbols may be received (bl ock
1112). Thewéégm? Pgnal may be processed to obtain nodtfi4YTEH8iF ol
estimates for a set of subcarriers used for transm ssion (bl ock
1120). For bl ock 1120, received sanples for the SC FDM si gnal may be
transforned to the frequency domain to obtain received synbols for a
plurality of subcarriers (block 1122). Synbol scaling may then be
perfornmed on received synbols for the setjgof subcarriers used for
transm ssi on, based on the spectral shaping perforned by a
transmtter, to obtain scaled synbols (block 1124). Data detection
may be per f O§dmSlnfibn! hreSE AR 1AL Snfl0mORLRD S 6L EM: SYTNOLS o
(al'so block 1124). ?hc getected synbolégna Be traﬁ£§o%n€%_to_th§e%1y
time domain €eB-obVEios af¥esebausd gl withipona pemofdppliketipn2gyeific
[ 0068] FI G 1&@%&&&@%}&9@9%@&1 %ﬁﬁrﬁé&%s&@@%ﬂ i Sl elgﬁeﬁgﬁ&éesaag
Appar atus 1200 1 ncl udes neans recel ving an SC S|gna arrying
spectral |y sHaprss (RyRBe) §r°(gﬁ%mlée loziodeviges (Pednstield progrepmskleggletamays
SC- FDM si gna@mé?bgrabéasdﬁ)ddah%m&@ n'azmbwnu%ﬁ& ré&@so@s %&ktreﬁlc
subcarriers ysed for transm ssion (nodule 122q% Modul e 1220

i ncl ude nmeanSSess thenrlscPRicHR desisnse do eI eW“PW%@BﬁI@F%&I

to the freqummtgpmgbﬁangmlﬁh&e&ecel ved synbols for a plurality of
i erform ng synbol scaling and

subcartiers @Wﬁl egl nmeans, f or

dat a detecti CEP W SRANe o spibyereiplegentsfion, the tchnignes e

for transm smmmeme@mtamdﬁmsqsgggr@ym FurlcHBAK) R ) kR brrfor the TRARDNS
for transfor? ‘?‘Eﬂ%ﬁ‘de s nbol tothet msdorralnéo obt ain

the nodul at | SOy FOEOF 89Ta56 POl gna becsiorsd 31 4 Bemomi(e..
may conpris empmoqemmss&eh emrs;rand ex€bIdWS prbedsEae 6., §etks86530 or 580).
el ectronics ?ﬁ onent S etc.

conbi nati on reor.Y 5’6%@ m?’g%%ﬁ?thﬂ]e@e Hn’goggésb’géﬁe’ﬁﬁ@%lltﬁ%rw ‘%/?ésor'
i pl enent ed WP7Vfr i dt]ns pm dekwiption aﬂﬂieel;scld%maq hotided @bl esablPahyRrson

i | ement ed [ maar e were,.,or a conbi.nati an
t rr]rgr eof . Foréﬁl{gﬂngﬁm\gﬁ I 'p HEFEPRSE e rgan e Y)arrf?@ég%ogi%bcag?ﬁst@%ﬁ ‘gécﬂosure
entity (e.g.wilbbeTteRdidy dppai\emie) tBhsenditilleld én thepire medithe gemdridprinciphs defined

nore applic t Gl G A ital signal
processors ( F*B)Iﬁaﬁ; JPIPEF&% &ﬁ%ﬁ}aﬁg%%n SSI Hb‘?%e(e" ?}E’g?‘%%}ﬁ%g ttor Séops of
pr ogr anmabl ethi dg!cb)snh@v iTbes, tediBEPsurd isalotlintenolgd mrbmlhxhﬂccg‘@tthc a;tanq:y&
(FPGAs), pro [QCessar s,
el ectronic d%%?@gid%ﬁaﬁ%{@% Ggf: ?cgﬁllfﬂgﬁuﬁ%%g&@é Sg&ﬂ %slf’ 0 pe%? r%nflﬁlé’ies
functions de‘sf@rliﬂb’éhfeh@r@%ckaefém er, or a conbl nation thereof

[ 0070] For a firmvare and/ or software |an enentation, the techni ques
may be inplenented with nodules (e.qg., procedures, functions, etc.)
that perfor nl00RE f urV¥HARES mgsher ein. The firmvare and/ or
software codes may be stored in a nenory (e.g., nmenory 532 or 582 in
FIG 5) and executed by a processor (e.g., processor 530 or 580). The
menory may be inplemented within the processor or external to the
processor. 100711The previous description of the disclosure is
provided to enable any person skilled in the art to nake or use the
di scl osure. Various nodifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations w thout departing
fromthe spirit or scope of the disclosure. Thus, the disclosure is
not intended to be limted to the 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:




17 CLAIM5 1. An apparatus conprising: at | east one processor
configured to perform spectral shaping on nodul ati on synbols to
obtain spectrally shaped synbols, and to generate a single-carrier
frequency division nultiplexing (SCFDM signal based on the
spectrally shaped synbols; and a nenony coupled to the at | east one
processor; wherein the at | east one processor is configured to
determ ne whether to perform spectral shapi ng based on a nunber of
subcarriers used for the SC FDM si ggBAIMS?2, The apparatus of claim1,
wherein the at | east one processor is configured to perform spectral
shaping in frequency domain within an allocated bandw dth. 3. The
appar at usl.of cAmbappatatusdomipeisingt he at | east one processor is
configured to rformspectral .shapging i.n frequ y. domai n, with
bandwi dt h expdlLfehPRe PROCCRRECoREUR e Ber i pas Y TiebigaPar el atenag
| east onesyHHIGAS SBfain speGillyisBAHe8 dyhbolt,rA0 54 géﬂaa&éﬂ@siﬂg%mﬁeia Rthu%}iE@O' s
ol's, 0

to frequency domain to obtain frequency-domain symb an

per f or m spEconanlEplexng S GHDMIsgnabbasehern the spentmlly shiped symbelsBadi n
the spectrally, atus of claim4, wherein
t he at | east 6H%g%§§ggs§%?9%§eg%%??gﬁﬁggagg&berforn1spectral shapi ng
by mul ti pl yi ngwhednen theed leasioyne goovassor 5yenhlddiseddotdeteaminie ndethief toneifoen t o

oher i n (RS BRSO DR o BB PP ER s THVLT R commhnd

to performspectral shaping and to perform spectral shaping as
i ndi cated by the received command. = 7. The apparatus of claim1,
wher ei n the atTheapptratypef ¢Jpigr byesrein theap lepstgne arpcessois cerfigured tehet her

or not  t Gyl GhdBaPRihin Bk SBRAOAARSE Gidh AlallbERAH bARGIA | T €7 i on.

3. The apparatus of claim 1, wherein the at least one processor is configured to

perform spectral shaping in frequency domain with bandwidth expansion.

4, The apparatus of claim 1, wherein the at least one processor is configured to
transform the modulation symbols to frequency domain to obtain frequency-domain
symbols, and to perform spectral shaping on the frequency-domain symbols to obtain the
spectrally shaped symbols.

5. The apparatus of claim 4, wherein the at least one processor is configured to
perform spectral shaping by multiplying the frequency-domain symbols with a window
function to obtain the spectrally shaped symbols.

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



18 8. The apparatus of claim1l1l, wherein the at | east one processor
is configured to performspectral shaping in transmt power |imted
conditions. 9. The apparatus of claim1l, wherein the at |east one
processor is configured to perform spectral shaping in transmt power
limted conditions and if a nodul ati on8schenme with | ower
peak-to-average ratio (PAR) is unavailable. 10. The apparatus of
claim1, wherein the at | east one processor is configured to

det er ni nedwhet Regapparapgiof eloim ér Wharpin dhredd deagt onstpagricssyr spoatigwad ot

| east one ﬁﬁ@g ( § St -SC- i .. 11. The apparat us of
claim1l, er e%ﬁgcﬁﬁgﬁﬁﬁ'ﬁgg%g&ﬁ{%@%g?'gllhcgu?%sft her configured to
determ ne whet her or not to perform spectral shaping based on at

| east one, of nodul ati o chene used to.generate the, nodyl atjon
symbol s, 912, THAPRRASAE GBI A, EPIFATS oIS QB rogsOE S CORMBICHiRe
processor pérﬁ)rﬁ%ﬁédtﬁﬂ§lﬁgm%Qn aahsnst pber i8ARH cONBLAR ATE Lho@flatdn
Spectral shaping filter based on at | east one characteristic of the
SC- FDM si $haine wathdover nsaktopveragseetic @AR iawpnavailable- t he nodul ati on
synbol s based on the spectral shaping filter. 13. The apparatus of
claim12, wherein the at | east one processor is configured to adjust-
rol | -of f i tHEhesappamtualof slampil mghdreih ttleer at bastevhe pnodekser stcohBastd wne
characteristic of, the SC-FDM signal . .14. .The apparatus of .claim 12,
wher o1 n v feing WP oR ot P Rudt beruwal sinine s BROT o et ectfadlepoc

| east oneoftAé BOETAV sipinal he spectral shaping filter based on at |east
one of a nodul ati on schene used to generate the nodul ati on synbol s
and nunber of subcarriers used for the SCFDM signal. 19 15. The
appar at usq of J Nt 1

confi gur e%jlqt oofrrlgép %Tgm\séﬁgggltg f#ghwgﬁegﬁg&egﬁzé;%%ﬁcg&?%@ oe? configured
cont i guou dstebobervhetisr arabt topegimarsaearal SepBghBMdsingt fastymeelflaon t he
mapped spectr.al | haped nbals. . 16.. The apparatus of claiml,
Wherei n L REtURiqubcBaRERE Ty Bltake e ibayblify SRRRIZ, 0% p ¢ e
spectrally shaped synbols to a set of subcarriers distributed across

t bandw di.h and t te t SC- FDM si | based t he
%;pggq SS }[Mr aT*}%ﬁ%gﬂaB‘g 8?$%§ \ghertgg the at least oSnle %?&esso? iSs%onf('ggnured 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.



17. A method conpri sing: perform ng spectral shaping on

nodul ati on synbols to obtain spectrally shaped synbols; and
generating a single-carrier frequency division nultiplexing (SC FDV
signal based on the spectrally shaped synbol s; wherein said
perform ng spectral shaping occurs badeéd on a nunber of subcarriers
used for the SC-FDM signal. 18. The nmethod of claim 17, further
conpr|5|ng% determ ni ng whether or not to perfornls ectral
shapi ng bhsed Bt appataiig of claie 1 cvhareinthsat leasipne Preeesser iscaniagured W@imapl 7,

wherein t I | traI
shapi ng |Jrilllg1§ l?egqu ncf/1B %ﬁ%ﬁﬁgtaﬁ?@n%%ggg{ 8%% rasﬁg od%%e&% tﬁ9$§
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17. A method comprising;

performing spectral shaping on modulation symbols to obtain spectrally shaped
symbols; and

generating a single-carrier frequency division multiplexing (SC-FDM) signal
based on the spectrally shaped symbols;

wherein said performing spectral shaping occurs based on a number of subcarriers

used for the SC-FDM signal.

18.  The method of claim 17, further comprising:
determining whether or not to perform spectral shaping based on at least one

criterion.

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

performing spectral shaping in frequency domain within an allocated bandwidth.

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



perform ng spectral shaping on the frequency-domain synbols to obtain
the spectrally shaped synbols, and wherein the generating the SC FDM
signal conprises mappi ng the spectrally shaped synbols to a set of
subcarriers, and generating the SC FD\. .signal based on the mapped
spectrally shaped synbols. 22. An agghratus conpri si ng: - nmeans
for perform ng spectral shaping on nodul ati on synbols to obtain
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22.  An apparatus comprising:

means for performing spectral shaping on modulation symbols to obtain spectrally
shaped symbols; and |

means for generating a single-carrier frequency division multiplexing (SC-FDM)
signal based on the spectrally shaped symbols;

wherein the means for performing spectral shaping is configured to determine
whether to perform spectral shaping based on a number of subcarriers used for the SC-

FDM signal.

23.  The apparatus of claim 22, further comprising:
means for determining whether or not to perform spectral shaping based on at

least one criterion.

24,  The apparatus of claim 22, wherein the means for performing spectral shaping
comprises

means for adjusting at least one parameter 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:



21 a first instruction set for perform ng spectral shaping on
nodul ati on synbols to obtain spectrally shaped synbols; and a
second instruction set for generating a single-carrier frequency

di vision multiplexing (SCFDV synbols based on the spectrally shaped
synbol s; wher-ei n perform ng spe@tral shapi ng occurs based on a
nunber of subcarriers used for the SC-FDM signal. 26. The
conput er -readabl e nmedi um of claim25, further conprisin
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spectral i one criterion. 27. An apparatus
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27.  An apparatus comprising:

at least one processor configured to receive a single-carrier frequency division
multiplexing (SC-FDM) signal carrying spectrally shaped symbols, and to process the
SC-FDM signal to obtain modulation symbol estimates for a set of subcarriers used for
transmission; and

a memory coupled to the at least one processor.

28.  The apj)aratus of claim 27, wherein the at least one processor is configured to
transform received samples for the SC-FDM signal to frequency domain to obtain
received symbols for a plurality of subcarriers, to scale received symbols for the set of
subcarriers used for transmission to obtain scaled symbols, to perform data detection on
the scaled symbols to obtain detected symbols, and to transform the detected symbols to

time domain to obtain the modulation symbol estimates.

29. A method comprising:

receiving a single-carrier frequency-division multiplexing (SC-FDM) signal
carrying spectrally shaped symbols; and

processing the SC-FDM signal to obtain modulation symbol estimates for a set of

subcarriers used for transmission.



processi ng the SC-FDM signal to obtain nodul ati on synbol estimates
for a set of subcaniers used for transm ssion. 22 30. The nethod of
claim29, wherein the processing the SC- FDM si gnal conprises
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means for receiving a single-carrier 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.

32, The apparatus of claim 31, wherein the means for processing the SC-FDM signal
.cbmprises

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

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

means for transforming the detected symbols to time domain to obtain the

modulation symbol estimates.



