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Abstract—Discrete Fourier Transform (DFT) precoding is a proposed in 3GPP LTE. Throughout this work, the denota-
promising approach for reduction of the envelope fluctuations tions LFDMA and IFDMA are used. Another variant of DFT
of Orthogonal Frequency Division Multiple Access (OFDMA) precoded OFDMA using regularly interleaved blocks of sub-
signals. However, the envelope fluctuations of DFT precoded carriers is denoted Block-IFDMA (B-IFDMA) [15] and has
OFDMA signals strongly depend on the subcarrier allocation ~been recently proposed for non-adaptive UL transmission in the
used. In this work, the envelope fluctuations of DFT precoded European Union (EU) 4G research project WINNER [1].
OFDMA signals with different subcarrier allocations are ana- | theoretical investigations it has been shown that the dif-
lyzed based on various metrics. The mutual dependency of the ¢o ot DFT precoded OFDMA schemes provide different prop-
metrics is addressed and a set of suitable metrics for the design g jag regarding their envelope fluctuations [14]. Under certain
of approprlate.DFT p.recoded OFDMA solutions for the uplink assumptions, especially IFDMA can be shown to provide a
of future mobile radio systems is proposed. New results for o cooiy constant envelope using Phase Shift Keying (PSK)
oversampledd5|gr:ja|s clc)n5|ger|ng pulse shaping and windowing [11], whereas for LFDMA this is not possible [14]. However
are presented and analyzed. in practical systems a pulse shaping is required in order to ful-

fill certain spectral requirements given by regulator authorities
|. INTRODUCTION which increases the envelope fluctuations of the transmit signal.

In future mobile radio systems, Orthogonal Frequency Di- The envelope fluctuations of a transmit signal can be regarded
vision Multiplexing (OFDM) and its Multiple Access (MA) and evaluated from different perspectives. A common measure
derivate Orthogonal Frequency Division Multiple Accest the Peak-to-Average Power ratio. Another one is the Cubic
(OFDMA) play an important roie [1], because they providdletric (CM) [16] which has been recently proposed in 3GPP
multipath propagation and low computational complexity fof' On the performance degradation due to a loss of orthogonality
user separation as well as for channel equalization when uslA§! While transferring a signal with fluctuating envelope over a
a Frequency Domain Equalizer (FDE). However, a major draWon-linear power amplifier.
back of OFDM and OFDMA are the high envelope fluctuations In this work, the transmit signals for different DFT precoded
of the transmit signal [2]. Especially in the uplink, transmiOFDMA schemes with regular subcarrier allocation, namely
signals with high envelope fluctuations require expensive afd<IFDMA, IFDMA and LFDMA are analyzed and compared.
plifiers in the mobile terminal and a high power back-off whic novel system model for oversampled and pulse shaped B-
results in a low power efficiency [3]. Many methods to combdEDMA is given that includes the system models for over-
the high envelope fluctuations have been proposed, e.g., atsagpled and pulse shaped IFDMA and LFDMA as a special
expense of additional required signalling overhead or increage$e. For the analysis of realistic transmit signals including
complexity, cf., e.g., [4]-[7]. oversampling, pulse shaping and windowing as well as a re-

Unitary precoding (UP), e.g., using a Discrete Fourier Tranglistic model for the high power amplifier, new results using
form (DFT) is well known to combine the advantages oflifferent metrics are presented and compared. The relationship
OFDM(A) with significantly decreased envelope fluctuation®etween the different metrics is shown, the suitability of the
cf. [8], [9]. UP using the DFT does not require any additiondlifferent metrics is discussed and a set of metrics for the design
signalling and, combined with a regular subcarrier allocatid appropriate multiple access schemes for UL transmission
scheme, offers a further reduced computational complexi®j future mobile radio systems is proposed. Finally, different
[10]-[12]. Well known MA schemes based on DFT precodeialistic pulse shapes for IFDMA and B-IFDMA are discussed
OFDMA with regular subcarrier allocation are currently procompared addressing the trade-off between an efficient use
posed as MA solutions for the uplink (UL) in future mobile radi®f the spectrum, low out-of-band radiation and low envelope
systems. DFT precoded OFDMA with blockwise subcarrief§/ctuations of the transmit signal.
allocation is known as localized Single Carrier Frequency Divi- The remainder of the paper is organized as follows: In Section
sion Multiple Access (SC-FDMA) [13] or Localized Frequencyl, system models for B-IFDMA, IFDMA and LFDMA are
Division Multiple Access (LFDMA) [14], respectively, and isgiven as special cases of a system model for DFT precoded
proposed in the 3rd Generation Partnership Project (3GRPFDMA. Section Il presents the different metrics that are used
for the Long Time Evolution (LTE). DFT precoded OFDMAfor analysis throughout this work. The analysis of the envelope
with regularly interleaved subcarrier allocation is known afuctuations of the different schemes and the dependencies of
distributed SC-FDMA [13] or Interleaved Frequency Divisiorthe different metrics is presented in Section IV. In Section
Multiple Access (IFDMA) [10], [11], respectively, and is alsoV, an appropriate pulse shaping for IFDMA and B-IFDMA is
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proposed and Section VI concludes this work. B-IEDMA: I I I I I I
f

Il. SYSTEM MODEL

| ﬁ
In this section, new system models for B-IFDMA, IFDMA Af }-M-Af user 0
and LFDMA with oversampling, pulse shaping and windowing — yser 1
are derived as special cases of a system model for DFT-preco ) ) ) ) )
OFDMA. In the following, all signals are represented by theg?iinlxgc”i”?\;f; of the spectrum of a B-IFDMA signal with subdar
discrete time equivalents in the complex baseband. Further 987 = «
on, ()T denotes the transposg)~! the inverse and-)! the

Hermitian of a vector or a matrix, respectively. where ® denotes circular convolution. Subsequently, a
For a system with K users with user indexk, cyclic prefix (CP) is inserted. The oversampled signal
k=0,...,K —1,let %0 = (..., 7% ¢ v )" after insertion of a CP with
*) *) *) P+ S - N elements at samplg raty'T.., whereP denotes the
d™ =(dy”, .., dyl )" (1) length of the CP, can be described by
(k)  _ .
denote a block of) data symbolsi;™”, ¢ =0,...,Q — 1, of 7k — (X(Ck; X%)kS))T7 8)

userk at symbol ratel /T,. For sake of simplicity, throughout
this section it is assumed that the same nun®esf subcar- h
riers is assigned to each user. However, note that for IFDMANere

LFDMA and B-IFDMA also different numbers of subcarriers X(ckz)n — (x;ks),s.pra o x;kS)’S_Nfl)T, 9)
may be assigned to each user, e.g., using methods as described

in [19]. The data symbol;*’ may be taken from the alphabet ofin order to form the spectrum of the signal, an additional
a bit mapping scheme like Phase Shift Keying (PSK) or Quadrgindowing might be applied. Let

ture Amplitude Modulation (QAM), applied after Forward Error
Correction (FEC) coding and bit interleaving. Throughout this
paper, it is assumed that the modulation and coding scheme is
constant within an OFDM symbol. LéY = K - Q denote the . . L .
number of subcarriers available in the system. The assignmeﬁf‘Ote the vector replr_esentaéggn of élrﬁme domain ‘I’V'ng"lé’_rw'th
of the data symbolslflk) to a user specific set @ out of N elementsw, at sampling rates/T.. The oversample i

subcarriers is assumed to be described byvar ) subcarrier precoded OFDMA signal with CP after windowing
allocation matrixM (%), With F£ denoting the matrix represen-

W = (w07"'7wP+S‘N—1)T (10)

T
tation of anN —point Inverse DFT (IDFT), the DFT-precoded z(F) = (;zfv’“%, . ~55)P+S_N71) (11)
OFDMA signal ' '
(k) — (j(()k)7 o @g\l[ﬁ) T ) is given by
_ ) %) =W x®, (12)

of user k£ can be described byN elements z,",
gi\/:tar?’b)}.’N_ 1, at sample ratel/T. = K/T; and iS e W denotes anP + SN x P + SN diagonal matrix

—(k i % i carrying the elementsy;; s =0,..., P+ .5 - N — 1 of vector

%) = Fy - M*) Fg - a®, ()  wonits main diagonal given by
whereF denotes &)-point DFT matrix for precoding. In the )
following, an upsampling and a subsequent pulse shaping is W = diag(w). (13)

applied tox(*). Upsampling in time domain with an upsampling
factor.S can be obtained by insertion 6fzeros inbetween the A system model for B-IFDMA can be obtained from the gen-
N samples of the sign&(¥). Thus, the oversampled signal  eralized system model for DFT-precoded OFDMA by setting

*) T M®*) = Mg), whereMg) denotes a subcarrier allocation
o TgN-1) (4)  matrix for block interleaved allocation. Let and M denote
the number of blocks and the number of subcarriers per block,
respectively, withL - M = Q. Note, that B-IFDMA can be re-
x® =@ 0,...,0,z 0,...,0,2% ,0,...,0)T. (5) garded as a generalization of both, LFDMA and IFDMA. Thus,

X = (o),

is given by

N=b for M = 1 B-IFDMA is equal to LFDMA and forL. = 1 B-
§ zeros IFDMA is equal to IFDMA. The elementZ ) (n, g), in then-
For pulse shaping we consider a circular convolutionkg? throw,n =0,..., N — 1, andg-th column,g =0,...,Q — 1,
with the vector representation of the pulse shaping filter of matrix Mg) are given by
T
&= (90;-++: 9r-1) © k) 1 n=0-T+m+kM 14
with samplesg,, »=0,...,R—1 at sampling rateS/T, 5 (mq) = 0 else o (14)

whereR < S - N denotes the length of the filter. Note that
circular convolution in time domain corresponds to a formingjherel = 0,...,L — 1;m =0,..., M — 1. An illustration for

of the spectrum in the DFT domain. The pulse shaped signakig spectrum of B-IFDMA showing the signals of 2 users is
given by given in Fig. 1. Oversampling, insertion of the CP and window-

Xpg =X ® g, ing for B- is obtained according to (4) - .
k) — x(®) (7) ing for B-IFDMA is obtained di (4) - (12)
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IIl. M ETRICS FOREVALUATION OF THE ENVELOPE
FLUCTUATIONS

Many different metrics have been proposed for the evaluatio
of the envelope fluctuations of a signal. In the following, a brief
overview over those metrics is given that are considered as ma
important throughout this work. A widely used metric is the
Peak-to-Average Power Ratio (PAPR) [20] per OFDM symbol
which can be defined as

N
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o
o

~(k) 12
PAPR = max % , s=0,...,P+S5-N—-1,
° LE{|Zws)?}
(15) 4

where E{-} denotes the expectation of a random variable PAPR In 0B
Defined according to (15), the PAPR gives the ratio of the pe&kg. 2: PAPR for the transmit signal before upsampling of differenttiple
power to the average power within an OFDM symbol. Howeverccess schemes for Q=32 subcarriers per user and N=1024rriefisca
dependent on the data symbols, the PAPR varies from OF[Avilable in the system using QPSK modulation.

symbol to OFDM symbol. Thus, in order to obtain meaningful

results, not only the maximum PAPR but also the probabilithodel a highly linear amplifier whereas with decreasing values
distribution of the PAPR over many consecutive OFDM symbolst ; the non-iinearity of the amplifier increases. The relation
is regarded. between the saturation level,;, the powerP;, of the input

Recently, a new metric denoted Cubic Metric (CM) has beer ~ (k) : i i
receiving wide interest in 3GPP LTE. The CM is based on ﬂ‘:sgbnalxw and the power back-off B0 is given by

fact that the primary cause of distortion is the third order non- |Tgat |2

linearity of the amplifier gain characteristic [21]. A descidpt IBO = 10logy, (P) : (19)

of the intensity of the third order non-linearity is given by _ o . . .
normalizing the transmit signat!"’ to a root mean square !N the following, the power back-off BO that is required in
(RMS) value equal to one and then calculating the RMS of tider to meet a given spectral mask, e.g., according to [22], is

L L )
7 8 9 10

cubed normalized signal according to regarded for a given amplifier model.
Another important effect of transmitting an OFDMA based
& 3 signal with fluctuating envelope over a non-linear amplifier is

_ B that the orthogonality of the subcarriers is destroyed. Thus, the
ROM = 20log, | RMS RMS (i(k)) .+ (16) performance of the received signal degrades with decreasing the
s power back-off of the amplifier. Consequently, the performance
degradation, e.g., in terms of Bit Error Rates (BER) is a further

where metric in order to evaluate the effect of envelope fluctuations
P+S.-N-1 in presence of non-linear amplifiers. In the following, the BER

RMS (j(k)) - _ Z |£§f)s|2 (17) degradation for transmission over an AWGN channel is re-

o P+S-N = ' garded. The reason to use an AWGN channel for transmission

is that the different regarded subcarrier allocations provide

denotes the RMS of the elementd’, of vectorz'*. The metric  different amounts of frequency diversity when transmitted over
RCM is known as Raw Cubic Metric (RCM) and is often use@ frequency selective channel. Performance degradations due
in comparison to a reference signal with\/,..; = 1.52 which to non-orthogonal subcarriers and performance gains due to
is the linear RCM of a Wideband Code Division Multiple Acces§equency diversity should be well separated in this analysis.
(W-CDMA) signal [16].

Together with a non-linear amplifier, a fluctuating signal en- I\_/' ANALYSIS OF THE ENYELQP'E_ FLL.JCTUAT'QNS
velope results in undesired out-of-band radiation [17]. In order In Figs. 2 and 3, the cumulative distribution function (CDF) of
to meet a certain spectral mask of the signal that is usualf}e PAPR is shown for B-FDMA, IFDMA and LFDMA as well
predefined by regulator authorities, a certain power back-offa$ for the corresponding non-DFT precoded OFDMA schemes
required for the amplifier. The higher the required power back4th the same subcarrier allocation for a signal without oversam-
off, the less power efficient the use of the amplifier [17]. Thu$ling, i.e.,.S = 1. It is well known that in this case the signal
a further metric for evaluation of the envelope fluctuation girocessing for IFDMA reduces to a simple compression and
a signal is the required amplifier power back-off in order teepetition of the data symbol vectdf*) and subsequent user
meet a given spectral mask for a given amplifier model. pecific phase rotation [10]. Therefore, using PSK, a constant
the following, the Rapp model [20] is used in order to modeinvelope of the signal is provided. For an increasing number of
the non-linear power amplifier. The output of the amplifiesubcarriers per block the PAPR increases and converges to the
according to the Rapp model is given by PAPR for LFDMA, where all subcarriers assigned to a certain

user are concentrated in one block. For higher order modulation

) 7, (1g) Such as 64QAM, cf. Fig. 3, the PAPR increases for all DFT
Yws = o\ precoded modulation schemes. However, the relative increase
(1 N (azw) ) is much more significant for IFDMA than for LFDMA.
Teat In Fig. 4, a signal with oversampling factét = 8 using

a Raised Cosine window with a roll-off region that is 5% of
wherep denotes the Rapp-Parameter ang denotes the sat- the symbol duration is assumed. As pulse shaping filter, an
uration level of the amplifier. Large values pfe.g.,p = 10, ideal lowpass filter is assumed. Compared to the CDF of the
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TABLE I

L \ Simulation results for the Raw Cubic Metric (RCM), the
ool = IFDMA maximum PAPR and the average PAPR for different MA schemes and
¢+ || LFomA different modulation schemes. In brackets, the respectivaicaefor the
= 8[| 4 B-IFOMA, M=2 corresponding non-DFT precoded OFDMA schemes are given.
3o “IFDMA, M=
N +Z:Ezm m: RCM Max. PAPR | Aver. PAPR
0.6 » V=
2 B-IFDMA | QPSK 5.34 (7.82) 9.45 (10.86) | 6.49 (7.80)
= (OFDMA) | 16QAM || 6.20 (7.83) || 9.77 (10.28) | 6.87 (7.80)
x o M=8 64QAM || 6.24 (7.83)|| 10.06 (10.35)| 6.84 (7.81)
%03* B-IFDMA | QPSK 5.31 (7.83) || 9.26 (11.37) | 6.43 (7.79)
£ ozt (OFDMA) | 16QAM || 6.18 (7.83)|| 9.68 (10.55) | 6.84 (7.80)
01 M=4 64QAM || 6.31 (7.83)|| 9.24 (11.24) | 6.87 (7.80)
e e S B-IFDMA | QPSK 4.96 (7.77)|| 8.11 (11.58) | 6.17 (7.68)

_ PAPRin dB - (OFDMA) | 16QAM || 5.97 (7.75)|| 9.31 (11.71) | 6.62 (7.64)
Fig. 3: PArI:’R for t?e trgnénzwit si%nal before upsamplingdof’\(ljiffleggzt:;lgc M=2 64QAM || 6.13 (7.77) || 10.34 (10.63)| 6.71 (7.70)
access schemes for Q=32 subcarriers per user and N= T a
available in the system using 64QAM modulation. ((L)'IZZDDT/I’:) (f:s:M 2;2 g;?; 222 8813 23; gig

X PAPR after oversampling and windowing _ 64QAM 5.49 (7.75) 8.51 (10.65) 5.85 (7.14)
vol [ FEE - IFDMA | QPSK 3.87 (7.72) || 8.02 (11.75) | 5.19 (7.04)
T ' e Lo * .;f"‘ (OFDMA) | 16QAM || 5.19 (7.72)|| 9.18 (10.99) | 5.67 (7.04)
0.8 ‘e
3 — BLIFDMA, M=2 L 64QAM || 5.47 (7.71) || 9.43 (11.21) | 5.80 (7.04)
0 07f R
3 B-IFDMA, M=4 w4
06 | o porOMA Mo R 1 TABLE II: Required power back-off to meet the given spectral mask for
Bl 7 ) | different MA schemes and different modulation schemes. In Ketsg the
T ag‘ /4 respective power back-offs for the corresponding non-DFEE@pded OFDMA
g‘: 04t P e : schemes are given.
< s :
& o3r 1 QPSK | 16QAM [ 64QAM
£ ozt 4&( 1 B-IFDMA, M=8 || 9.2 (10.7) | 9.4 (10.7) | 9.4 (10.7)
o1f B-IFDMA, M=4 7.9(9.3) | 84(9.3) | 84(9.3)
ol- - - - . . . - B-IFDMA, M=2 || 7.5(9.0) | 7.8(9.0) | 7.8 (9.0)
PAPRin dB - IFDMA 6.7(85) | 7.2(85) | 7.2(8.5)

Fig. 4: PAPR for the transmit signal before after upsampling, pulsgisiy
and windowing of different multiple access schemes for Q=3&tatriers per

user and N=1024 subcarriers available in the system usir@kQRodulation. PAPR, respectively, than OFDMA. Moreover, both metrics indi-

cate that the envelope fluctuations of OFDMA are independent

of the modulation scheme. For higher order modulations such
PAPR forS = 1, for the oversampled and windowed signal th@s 16QAM or 64QAM, IFDMA and LFDMA provide similar
results are different. The advantageous PAPR of IFDMA is [o®CM and PAPR. For QPSK the RCM of LFDMA is 1.3 dB
since the signal cannot be described any longer by compressiaoyse than for IFDMA whereas the average PAPR of LFDMA
repetition and subsequent phase rotation due to the oversasm~ 0.5 dB worse than for IFDMA. For B-IFDMA, both
pling and the pulse shaping. As a result, the PAPR for IFDMMnetrics indicate that the envelope fluctuations are significantly
after oversampling and pulse shaping is similar to the PAPR fargher than for LFDMA and IFDMA. This effect is the more
LFDMA. However, also for the oversampled and pulse shapguonounced the higher the number of subcarriers per block.
signal, for B-IFDMA the PAPR increases compared to IFDMA-rom Table | it can be also deduced that the maximum PAPR
and LFDMA with increasing number of subcarriers per blockis not appropriate for evaluation of the envelope fluctuations
The reason for that is, that the B-IFDMA time domain signabecause the probability of the peaks of the signal is very low.
can be described as a superposition\dfsignals, cf. [12]. In In Fig. 5, the power spectral density (PSD) of an IFDMA
all cases, the DFT precoded OFDMA schemes show an updignal at the amplifier output is shown. For modulation, QPSK
~ 1.3 dB lower PAPR compared to the corresponding OFDMAs assumed. The Rapp-Parameter is chosen-ag, i.e., a non-
scheme with the same subcarrier allocation. The reason for thiatar power amplifier is assumed. The amplifier power back-
is that, according to the definition of the IDFT that is used fooff is chosen such that the PSD of the IFDMA signal meets
OFDM modulation, the OFDMA time domain signal is giventhe spectral mask. A realistic spectral mask, that is assumed
by a superposition of) data symbols, each weighted with athroughout this work, can be found, e.g., in [22]. In Table II, the
complex exponential, whereas for DFT precoded OFDMA theequired power back-offs for IFDMA, B-IFDMA and the corre-
complex exponentials from the IDFT for OFDM modulation andponding OFDMA schemes (in brackets) with different numbers
from the DFT for precoding partially cancel out each other.  of subcarriers per block are presented. They are obtained as

In Table I, the average PAPR and the maximum PAPR valuexemplarily shown in Fig. 5 for IFDMA.

are compared to the RCM for the oversampled and windowedFrom Table Il can be deduced that in case of B-IFDMA
signal using the same parameters as for the PAPR results shamd IFDMA, for QPSK the required power back-off is slightly
in Figs. 2-4. From Table | it can be concluded that RCM antbwer than for 16QAM and 64QAM, whereas for OFDMA the
average PAPR lead to the same conclusions although they egquired power back-off is independent from the modulation
different metrics. Using both metrics, in all cases DFT precodestheme. For QPSK, the difference in the required back-off of the
OFDMA results in lower values for the RCM and the averagdifferent B-IFDMA schemes and IFDMA is more pronounced
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mask.
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TABLE I1ll: Required Es/Ny in dB at a BER of10~3 for IFDMA,
LFDMA and B-IFDMA at different power back-offs for transmisa over
an AWGN channel.

| backoffindB [ 10 [ 6 [ 4 [ 2 [ 1 [ o |
B-IFDMA, M=8 6.71 | 6.78 | 6.82 | 7.03 | 7.18 | 7.28
B-IFDMA, M=4 6.70 | 6.75 | 6.81 | 6.97 | 7.04 | 7.25
B-IFDMA, M=2 6.70 | 6.74 | 6.80 | 693 | 7.03 | 7.24

IFDMA 6.65| 6.71 | 6.78 | 6.93 | 7.01| 7.22 ° / Raw Cubic Metric
LFDMA 6.65| 6.70 | 6.78 | 6.94 | 7.02 | 7.22 ar B

10

required power
back-off (reference)

average PAPR

different metrics in dB —

than for 16QAM and 64QAM os ! e reqiired pc?\)vser backg—off in dgl.35a 10 108 "

For LFDMA, the spectrum assigned to a user is concentratBi). 7: Dependency between the metrics RCM, required power bactcoff
in a localized portion of the bandwidth. Consequently, the outeet the given spectral mask, maximum PAPR and average PAPR.
of-band radiation for LFDMA due to amplifier non-linearities

is much smaller than for B-IFDMA and IFDMA. Thus, the, e age PAPR grows almost linearly with the required power
PSD and the required power back-off to meet a spectral m; k-off with a deviation of< 1.5 dB. For the RCM and the
alone are not appropriate to evaluate the envelope fluctuatiqns.in, ;m PAPR, the relation between the respective values and
fof;_ LFDMA. (Ijn [2?(]' gllterlnghwéelssclzlyPpgr(f(posed for energyhe required power-off is much more fluctuating dependent on
e ;Clerr‘]C)/](aill'l wor Sh eSBtE";’_\itd p Q o0 h jiiene subcarrier allocation used. For required power back-offs
n the tollowing, the egradation due to the amplifief, qar than 9 dB corresponding to B-IFDMA with 8 subcarriers

non-linearities is regarded. The parameters used are the samgn%sthe non-DFT precoded OFDMA schemes, the linear depen-

for the previous investigations. In Fig. 6, the BER performan nev between average PAPR and required power back-off is
for IFDMA and the corresponding OFDMA scheme for QPS st. X\s a conclusion,gfor B-IFDMA Wi?h up t(?4 subcarriers

modulation and transmission over an AWGN channel is showil ")k as well as for IEDMA the required power back-off to

dependent on the power back-off. A comparison of the resu etthe s ; ;

i ; pectral mask can be easily estimated from the average

in Fig. 6 and in Table Il shows that for the power back-off thgbapp \yhereas for a higher number of subcarriers per block

is required to meet the spectral mask, the BER degradatlor%ﬁ,
g

g . A d for OFDMA this is not the case. Moreover, especially for
already negligible. Thus, the required power back-off in order _IFDMA with up to 4 subcarriers per block and fcf)r IFDI\);IA

meet the spectral mask can be regarded as a more critical m i€ average PAPR is more apbropriate to estimate the required
than the BER degradation. In Table lll, the requitgd/N, for 9 3 pprop : q
different power back-offs is compared for IFDMA, LFDMA and”OWe’ back-off than the RCM or the maximum PAPR.

B-IFDMA. From Table Il follows that for B-IFDMA, IFDMA
and LFDMA respectively, a power back-off c¢ 6 dB is V. DESIGN OF THEPULSE SHAPING FILTER
required in order to provide only low BER degradations. Again, Regarding Figs. 2 and 4, it can be concluded that oversam-
this value for the power back-off is lower than the requirepling and pulse shaping using an ideal lowpass filter signifi-
power back-off in order to meet the spectral mask. cantly affects the good PAPR properties for IFDMA and B-
Finally, in Fig. 7 the dependency of the different metrics ilFDMA. Hence, the question arises if for these schemes it is
illustrated. On ther-axis, the required power back-off is givenpossible to obtain lower envelope fluctuations by the choice
On they-axis, the corresponding values for the average PARR a different pulse shaping filter. In Fig. 8, the PSDs for
and the RCM are given. In addition, again the required powH#tDMA signals with different pulse shaping filters are shown.
back-off is depicted as a reference. From Fig. 7 follows that fdihe corresponding average PAPR values of the IFDMA signals
low values for the required power back-off that correspond e given. From the results shown in Fig. 8 it can be concluded
IFDMA and B-IFDMA with 2 and 4 subcarriers per block thethat there is a trade-off between low envelope fluctuations, low
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© ‘ expense of an acceptable increase of the envelope fluctuations
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Fig. 8: PSD for an IFDMA signal before the amplifier for different pails
shaping filters and corresponding average PAPR for a batiowidd0 MHz.
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6]
out-of-band radiation and an efficient use of the band, i.e., a
guasi rectangular PSD within the band. The lower the PAP
the higher the out-of-band radiation and the more deviation o
the main lobe of the PSD from the rectangular shape. Regarding
these results it can be concluded that the ideal lowpass which[&
used throughout this work, cf., e.g., Fig. 5, already provides a
good trade-off between efficient use of the spectrum, low out-
of band radiation and low envelope fluctuations. It provides al 1
optimum use of the spectrum and low out-of-band radiation at
the expense of acceptable envelope fluctuations.

[10]

VI. CONCLUSIONS

In this work, a novel signal model for oversampled, pulsié1]
shaped and windowed B-IFDMA is presented that includes the
respective system models for IFDMA and LFDMA as speci 2]
cases. The envelope fluctuations of DFT precoded OFD
signals with different subcarrier allocation schemes are analyzes
from different perspectives and using different metrics. New
results for different metrics considering realistic transmihalg
are presented and compared. The amplifier power back-off thef
is required to meet a spectral mask turns out to be a well
suited metric in order to evaluate the envelope fluctuations f )
realistic systems. For the current investigation, as long as
signal is within the given spectral mask, the BER degradation at
the receiver is negligible. As an exception, for LFDMA, where
the signal of a user is concentrated in a localized portion B8]
the bandwidth, the BER degradation at the receiver is a more
critical metric. In general, the required power back-off can Y
determined regarding the PSD of a signal. For a running system,
for IFDMA and B-IFDMA with a number of subcarriers perig;
block up to 4, the required power back-off can be obtained from
the average PAPR of the transmit signal, whereas for higher
numbers of subcarriers per block and for non-DFT precod&d!
OFDMA this is not the case. The CM and the maximum PAPR
turn out to be not appropriate for estimation of the required
power back-off due the non-linear dependency between tﬁdg]
respective values and the required power back-off. IFDMA an
LFDMA provide similar average PAPR and CM values. Aspi]
suming realistic transmit signals, for B-IFDMA a higher power
back-off is required compared to LFDMA and IFDMA. The
power back-off increases with increasing number of subcarrié#él
per block. Finally, an ideal lowpass filter in the DFT domain
has been shown to be a good solution for the pulse shaping&
an IFDMA or B-IFDMA signal because it provides an efficien
use of the assigned bandwidth, low out-of-band radiation at the

which, nevertheless, provides still considerable power effigienc
] gains compared to non-DFT precoded OFDMA.
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