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The main challenge in any high-speed digital communication system is how to maximize the data rate with
minimizing the bit error rate. Several techniques have been developed to achieve this point. Some of these
techniques are orthogonal frequency division multiplexing (OFDM), single-carrier frequency domain equali-
zation (SC-FDE), orthogonal frequency division multiple access (OFDMA), and single-carrier frequency
division multiple access (SC-FDMA). These four techniques are described briefly in this paper. Also, the
paper measures the performances of OFDMA and SC-FDMA systems over international telecommunication
union (ITU) vehicular-A channel using minimum mean square error (MMSE) equalization. Simulation results
show that the performances with interleaved mapping outperform that with localized mapping. Also, the
performances with quadrature phase shift keying(QPSK) are better than that with 16-ary quadrature ampli-
tude modulation (16QAM). In addition, the performance of SC-FDMA is better than that of OFDMA, when
QPSK is used, but the latter is little bit better than that of SC-FDMA when 16QAM is used
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Introduction

Multi-carrier transmission techniques are used in
modern wireless mobile systems to provide virtually
error-free high bit rates. In order to achieve this
purpose, the use of multi-carrier modulation (MCM)
has become a popular option. MCM is based on the
idea of dividing the transmitted data stream into
several symbol streams, with a much lower symbol
rate, which are used to modulate several sub-carriers.
MCM presents a relative immunity to multipath fadi-
ng and has a lesser susceptibility to interference
caused by impulse noise than that presented by
single-carrier systems. Additionally, it demonstrates
enhanced immunity to interference.

The most prominent example of MCM transmi-
ssion is orthogonal frequency division multiplexing
(OFDM) [1-3]. In this technique, a large number
of orthogonal sub-carriers are used to transmit
information from several parallel streams modulated
with a digital modulation scheme. If these data
streams belong to different terminals or users, OFDM
becomes orthogonal frequency division multiple access
(OFDMA) [3-6] in which different data signals are
transmitted through a common physical media that is
divided into frequency resources units. Both OFDM
and OFDMA suffer from power distortion that may
be particularly troublesome in uplink transmissions
where excessive complexity in user terminal is an
issue. With the purpose of overcoming that limitation,
single-carrier frequency division multiple access (SC-
FDMA) [3,4,7-9] was chosen as the uplink multiple
access scheme due to its lower power distortion. The

SC-FDMA uses a modulation scheme known as single-
carrier frequency domain equalization (SC-FDE) [1,3].
The SC-FDE is based on OFDM but uses only a single
carrier.

1 OFDM System Model

Fig.1 shows the block diagram of OFDM
system model [1, 3]. At the OFDM transmitter,
the input binary data is mapped to constellati-
ons in frequency domain using typically, quadrature
amplitude modulation (QAM) or phase shift keying
(PSK). Then, the data is converted from serial to
parallel(S/P). After that, the data is converted to
a time domain signal using an inverse fast Fourier
transform (IFFT).

Afterwards, the last part of the signal is appended
to the beginning of the signal, known as the cyclic
prefix (CP), in part to fight intersymbol interference
(ISI) and also to convert the signal’s linear convoluti-
on with the channel impulse response to a circular
convolution. Lastly, the data is converted from parallel
to serial and sent through multipath communication
channel with additive white Gaussian noise (AWGN).
At OFDM receiver, the reverse operation of the OFDM
transmitter is achieved. One important feature of
OFDM receiver is its ability to equalize in frequency
domain. There are many different ways of equalizing,
two of which are the zero-forcing (ZF) equalizer and the
minimum mean square error (MMSE) equalizer. While
they both correctly recover the phase of the signal,
the ZF equalizer causes noise enhancement and the



24

AL-Rawi, Muhanned

MMSE equalizer causes time distortion in the signal.
One benefit of equalization using any frequency domain
technique, is that applying it is simple, an element-wise
multiplication in the frequency domain.
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Fig. 1. OFDM system model

2 SC-FDE System Model

Fig. 2 shows the block diagram of SC-FDE system
model [1, 3]. SC-FDE is a variation of OFDM, a
modulation scheme that contains all the same blocks
but moves the IFFT from the transmitter to the recei-
ver. The difference between this system and OFDM
is that the constellation mapping takes place in ti-
me domain, and the CP is the last time samples
appended to the beginning of the signal. Equivalently,
an SC-FDE symbol is a group of N + A modulated
(QAM, PSK) sub-symbols, where N is the length of
the FFT/IFFT used in the receiver, and A is the
length of the cyclic prefix. This makes for a very si-
mple transmitter. By moving the IFFT to the receiver,
equalization is done with a simple multiplication in
frequency domain like in an OFDM receiver.

3 OFDMA System Model

The OFDMA system model is shown in Fig. 3 [3,4].
OFDMA is very similar to OFDM in function, with the
main difference being that instead of being allocated all
of the available subcarriers, the base station allocates a
subset of carriers to each user in order to accommodate
multiple transmissions simultaneously.
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Fig. 2. SC-FDE system model
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Fig. 3. OFDMA system model

A problem with OFDMA as compared to OFDM is
its high sensitivity to frequency offset. In OFDM since
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all the frequencies of the subcarriers were generated
by one transmitter, maintaining orthogonality of the
subcarriers is relatively easy. In OFDMA, since many
users transmit simultaneously, each with their own esti-
mates of the subcarrier frequencies, a frequency offset
is inevitable and multiple access interference occurs as
users’ power leaks into subcarriers bands.

4 SC-FDMA System Model

The SC-FDMA system model is shown in Fig. 4 [3,
4]. SC-FDMA is the multiple access version of SC-FDE,
which is similar to OFDM, in that they both perform
channel estimation and equalization in the frequency
domain. Multiple access is achieved in frequency
domain in SC-FDMA. Thus to transition from SC-
FDE to SC-FDMA requires division frequency amongst
frequencies. This is achieved by the first performing an
N-point FFT on the output of the symbol mapper, and
mapping the output of the FFT to N of M subcarriers,
with M = QN where @ is an integer called the bandwi-
dth expansion factor of the symbol, which is effectively
the number of simultaneous users that the system
supports. Afterwards the M-point IFFT converts the
signal back into time domain. Likewise in the receiver,
only N of the M frequencies of the output of the FFT
correspond to this user, so those N values are equalized
and an N-point IFFT is performed to get the original
signal back.
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Fig. 4. SC-FDMA system model

An important consideration to be made is how the
N points of the signal are mapped to the M subcarri-
ers of the system. Two main strategies exist: use N
adjacent subcarriers, called localized FDMA (LFDMA)
or distribute the N values across the M subcarriers
using every Q-th subcarrier, called interleaved FDMA
(IFDMA). Also, these two strategies are applicable
for OFDMA. The disadvantage of IFDMA is that it
is very sensitive to frequency offset like OFDMA si-
nce different users take adjacent subcarriers. LEFDMA,
however, is much less affected by this because it only
has at most two adjacent users.

5 Simulation Results

Computer simulation tests are carried out on
OFDMA system model shown in Fig. 3, and SC-FDMA
system model shown in Fig.4. The performances of
OFDMA and SC-FDMA systems are measured, over
multipath channel with AWGN, in terms of bit error
rate (BER) versus signal to noise ratio (Eb/No). The
type of channel used is ITU vehicular-A channel. Two
modulation formats are used, QPSK, and 16QAM. The
type of equalizer used is MMSE equalizer. Two mappi-
ng strategies are involved in the simulation, localized
mapping and interleaved mapping.

Fig. 5 and Fig. 6 show the performances of OFDMA
and SC-FDMA systems respectively. It can be
concluded that the performances of both systems with
interleaved mapping are better than that with locali-
zed mapping for both modulation formats. Also, the
performances with QPSK are better than that wi-
th 16QAM. In addition, by comparing between Fig. 5
and Fig.6, it can be seen that the performance of
SC-FDMA is better than that of OFDMA for both
mapping strategies with QPSK modulation format.
But, the performance of OFDMA is little bit better
than that of SC-FDMA for both mapping strategies
with 16QAM modulation format.
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Fig. 5. Error rate performance of OFDMA
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Fig. 6. Error rate performance of SC-FDMA

Conclusion

OFDM, SC-FDE, OFDMA, and SC-FDMA
systems were presented in this paper. The
performances of OFDMA and SC-FDMA systems were
measured over I'TU vehicular-A channel using localized
and interleaved mapping strategies with QPSK and
16QAM modulation formats, and MMSE equalizer.
From the measuring results, it can be concluded
that the performances with interleaved mapping are
better than that with localized mapping. Also, the
performances with QPSK are better than that with
16QAM.

Furthermore, the performance of SC-FDMA is
better than that of OFDMA in case of QPSK modulati-
on format, but the performance of OFDMA is little
bit better than that of SC-FDMA in case of 16QAM

modulation format.
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AHaniz e(peKTUBHOCTI YaCTOTHOTO MYJib-
turiekcyBaanaga OFDMA i SC-FDMA

Myxanned Aav-Pasi

OcuoBna 1pobiiema B 6y1b-sKill BUCOKOIIBUAKICHIN 111~
&bpoBiit cucteMi 3B’ 3Ky MOJIATAE B TOMY, IK MAaKCHMIi3yBaTH
MIBUIKICTH MEPeadl JAHWX, 3BOASAIHN 0 MIHIMYyMY 9acTO-
Ty moMwiIoK B Oitax. Iy pocarmenHs mie€l merwm icHye
KiJIbKa METO[iB, /10 SKHX HAJIEKHUTh MYJIbTHILIEKCYBaH-
HA 3 OPTOrOHAJILHUM €HacTOTHUM po3ainenaam (OFDM),
BUPIBHIOBaHH: YacrorHOI obJacti 3 onuiero Hecywoo (SC-
FDE), MHOXXUHHII JOCTYI 3 OPTOrOHAJIBHUM HTACTOTHUM
posaimenssm (OFDMA) i MHOXUHHUH JOCTYI 3 4acTo-
THUM 10ain0M 3 oagieo necyqoo (SC-FDMA). V uiii crarri
npoBeieHa oriaka mpoaykrusHocTi cucrem OFDMA i SC-
FDMA 1o kanasny "vehicular-A'"mixkHapoaHoro TesiekoMy-
nikaniitnoro cosy (ITU) 3 BukopucranusyM BUPIBHIOBAHH
cepenubol kBaapatwaroi mommiku (MMSE). Pesynasrarn
MO/Ie/TIOBAHHS [T0Ka3yI0Th, [0 XaPAKTEPUCTUKH 3 II0YE€PIo-
BUM MAIIIHI'OM [I€PEBEPUIYIOTH [IOKA3HUKY 3 JIOKAII30BaHUM
Mamiarom. KpiM Toro, xapakTepuCTHKU 3 KBaJPaTyPHOIO
dazosoro maninmynaniero (QPSK) kpami, mixk y pasi 16-
xpaTHol kBaaparTypuol amiuiryauol momyssanil (16QAM).
IIpoxykruBaicts SC-FDMA kpamia, HiXK NpPOIYKTUBHICTH
OFDMA 3 Bukopucrannsm QPSK| sika B cBoIO uepry Tpoxu
kpama 3a npoxyktusHicth SC-FDMA 3 16QAM.

Karuosi caosa: OFDM; SC-FDE; OFDMA; SC-FDMA

Anamm3 »3¢ddekTuBHOCTH HYaACTOTHOTO
myabTuiiekcuposanus OFDMA u SC-

FDMA

Myzanned Aav-Pasu

OcuoBHas 1pobsieMa B JIF000H BBICOKOCKOPOCTHOM 1y~
&poBoit cucTteme CBSI3M 3AKJIIOYAECTCS B TOM, KaK MAaKCH-
MU3HPOBATh CKOPOCTH II€peady JaHHBIX, CBOIS K MUHU-
MyMy d9acToTy ommbok B Omrax. [lis mocTmkeHumst STOU
e/ OBLTO pa3pabOTaHO HECKOJIHKO METOJI0OB, B TOM YHCJIE
MyJ/IBTUILIEKCUPOBAHUE C OPTOrOHAIHHBIM YACTOTHBIM Da-
suesteruem (OFDM), BoipaBHuBanue 4acToTHON 06/1acTu €


http://dx.doi.org/10.1109/iscc.2006.52
http://dx.doi.org/10.1109/iscc.2006.52
http://dx.doi.org/10.1109/mcom.2009.5307460
https://pdfs.semanticscholar.org/8a4b/dca78313580049a3adae6ecedacf4c9c55aa.pdf
https://pdfs.semanticscholar.org/8a4b/dca78313580049a3adae6ecedacf4c9c55aa.pdf
http://dx.doi.org/10.1109/mvt.2006.307304
http://dx.doi.org/10.1109/ew.2010.5483464
http://dx.doi.org/10.1109/ew.2010.5483464
https://ir.unimas.my/13151/
https://ir.unimas.my/13151/
http://dx.doi.org/10.14445/22315381/ijett-v11p300
http://dx.doi.org/10.14445/22315381/ijett-v11p300
https://www.ijert.org/download/10799/review-on-performance-analysis-of-detection-of-single-carrier-fdma
https://www.ijert.org/download/10799/review-on-performance-analysis-of-detection-of-single-carrier-fdma
http://dx.doi.org/10.14257/ijfgcn.2016.9.2.24
http://dx.doi.org/10.14257/ijfgcn.2016.9.2.24

Performance Analysis of OFDMA and SC-FDMA

27

omuoii mecymeit (SC-FDE), MHO)KECTBEHHBI OCTYI C Op-
TOTOHAJILHBIM 4acTOTHBIM pasnesennem (OFDMA) u muO-
JKECTBEHHBIH JIOCTYII C 9ACTOTHBIM DPA3JIEJEHUEM C OJTHOM
mecymeit (SC-FDMA). B s70if crarbe mpoBeseHa ONEH-
ka mpousBogurenbHoctu cuctem OFDMA u SC-FDMA
mo kaHasy “vehicular-A“ mMex1yHapOIHOrO TEJIEKOMMYHU-
xanuonsoro coosa (ITU) ¢ ucnoss3oBanueM BbIPaBHUBA-
mus cpemueii kagpatwanoit omubku (MMSE). Pesynbra-
THl MOJEIVPOBAHUA MOKA3BIBAIOT, 9TO XaPAKTEPHUCTUKHU C
qepeyomuMcsa “MAIMMIATOM TIPEBOCXOAAT IMMOKA3ATEIN C

JIOKaJIM30BaHHBIM “MarnuHroMm”. Kpome Toro, xapakTtepu-
CTUKHM C KBaApaTypHOii daszosoii manumymamnmeii (QPSK)
Jydire, ¥eM Ipu 16-KpaTHO#M KBaApaTypPHOU aMIITATYIHOMN
monymsinuu  (16QAM). IIpoussomurensuocrs SC-FDMA
syunre, gem mponsBoanTeasbHocth OFDMA ¢ ncnonb3osa-
auem QPSK, xoTopas B cBOIO 01Uepe s HEMHOTO JIyIIe, €M
upoussogureabaocts SC-FDMA ¢ 16QAM.

Karueswvie caosa: OFDM; SC-FDE; OFDMA; SC-
FDMA
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