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Abstract-Since 3G Long Term Evolution (LTE) is launched by
3GPP recently, many multiple access (MA) schemes have been
proposed for 3G LTE, such as Multi - Carrier (MC) -
WCDMA, MC - Time Duplex- Synchronized CDMA (MC-
TD-SCDMA), Orthogonal Frequency Division Multiple Access
(OFDMA), Single Carrier - Frequency Division Multiple
Access (SC-FDMA), which includes IFDMA (interleaved
FDMA) and DFT -S OFDM (DFT-Spreading OFDM). Among
those schemes, OFDMA and DFT-S OFDM are both
promising for their special advantages for uplink. In this
paper, the link level performance of MA schemes are
compared. The simulation results show that without coding,
OFDMA has 1dB performance gain than DFT-S OFDM when
BER is equal to 10-2. When turbo coding is adopted, OFDMA
has near 3dB performance gain than DFT-S OFDM when
BLER is equal to 10-2. The performance difference between
OFDMA and DFT-S OFDM is increased for MIMO system.
Since the PAPR can be reduced to lower than 6dB as required
by 3GPP, OFDMA has the performance gain than DFT-S
OFDM in link level simulation.

I. INTRODUCTION
The objective of evolved Universal Terrestrial Radio

Access (E-UTRA) study item is to develop a framework for
the evolution of the 3GPP radio-access technology towards a
high-data-rate, low-latency and packet-optimized radio-
access technology [1]. The E-UTRA targets a system with
50Mbps and 100Mbps data rates in uplink and downlink
respectively, and 2-4 times higher spectral efficiency than
that of 3G Release 6 systems [2]. Another important driver
for UTRA Network (UTRAN) evolution is the efficient use
of the spectrum and system resources that can help to reduce
the development and deployment costs.

In order to meet the above challenges, multiple access
schemes considered should provide higher data rates and
higher spectral efficiency at a reasonable complexity. The
design of an efficient multiple access and multiplexing
scheme is even more challenging on the uplink than the
downlink due to many-to-one nature of the uplink
transmissions. Another important consideration for the
uplink is the peak-to-average-power ratio (PAPR) due to
limited UE transmits power.

In 3GPP RANI, many Multiple Access (MA) schemes
have been proposed for 3G LTE, such as MC-WCDMA,

MC-TD-SCDMA, OFDMA, IFDMA and DFT-S OFDM.
Among those schemes, Qualcomm proposes MC-WCDMA,
and Chinese Academic of Telecommunication Technology
(CATT) proposes MC-TD-SCDMA respectively. Those
schemes are to combine several parallel WCDMA or TD-
SCDMA carriers to provide high data rate required by 3GPP.
For the excellent capability to mitigate the frequency
selective fading of the mobile environment, provide high
data rate transmission and high spectrum efficiency, OFDM
is very suitable for the high data rate transmission in
wideband wireless channel. Since different users occupy the
different subcarriers, OFDMA provides a natural multiple
access method. For independent fading of the users in
OFDMA system [1], multiuser diversity can be exploited to
find a subset of good subcarriers to meet their QoS
requirement. OFDM is proposed as the dominated MA
scheme in downlink and proposed as an uplink MA scheme
by Nortel [3] for FDD and Research Institute of
Telecommunication Technology (RITT) [4] for TDD.

However, as OFDMA has a high PAPR, which will
decrease the power efficiency in UE and thus decrease the
coverage efficiency in uplink for the low cost Power
Amplifier (PA) is adopted at UE. At the RANI ad hoc
meeting (Sophia Antipolis), SC-FDMA was proposed [5] as
an alternative MA scheme to avoid the high PAPR of
OFDMA, and it is very advantageous in supporting wide-
area coverage in cellular systems owing to the decreased
PAPR features.
OFDMA has been widely studied and it appears as the
preferred multiple access schemes for E-UTRA downlink for
a majority of the companies in RAN1. However, the
situation in uplink is less clear considering the tradeoff
between PAPR and performance. In this paper, the basic
principle of OFDMA and DFT-S OFDM are compared, and
their basic performance in mobile channel are simulated and
compared. From the simulation results, even DFT-S OFDM
has low PAPR, its performance is worse than that of
OFDMA. The rest of this paper is organized as follows. The
basic principle of OFDMA and DFT-S OFDM are
introduced in section II; the common simulation parameters
and equalizer are described in section III. The simulation
results are presented in section IV and the conclusions are
drawn in section V.
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II. OFDMA AND DFT-S OFDM

In this section, the basic principle of OFDMA and DFT-S
OFDM are introduced.

A. OFDMA

OFDM can mitigate the frequency selective fading of the
mobile environment efficiently by separate the whole wide
band channel into many flat fading sub-channels and
transmit data on them in parallel. By overlapping the
spectrum of the subcarriers, it can provide high spectrum
efficiency and high data rate transmission. OFDMA provides
a natural multiple access method by assigning different
subcarriers to different users and no intra-cell interference
will happen since the subcarriers from different user are
orthogonal to each other (Figure 1). Meanwhile, two modes
can be supported in OFDMA, distributed subcarrier
allocation and localized subcarrier allocation. With the
distributed subcarrier allocation, the diversity gain can be
exploited by the interleaving among the subcarriers of one
user for the frequency selective fading. Finally, the most
commonality between LTE downlink and uplink can be
obtained for OFDM has been dominated in downlink. Thus,
the transceiver design will be simplified for this
commonality between uplink and downlink.
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In order to analysis the performance of OFDMA, the
transmitted signal of one user with M allocated subcarriers is
expressed as:

Where [T represents transpose operation and di is the
modulated symbol. After IFFT modulator, the signal vector
S will be:

S F*TND (2)

Wee I is

FirN,m 1 the mapping matrix for subcarrier
assignment and its element values are decided by either
distributed subcarrier allocation or localized subcarrier

allocation. FN is the N point IFFT matrix and:[] represents
conjugate operation. Moreover,

FN=[fl~f...,f; and

modulaFeds 2mbl j2tr21 m i 2rT(NsIvc
Where TNMise teNei m After fading

channel and FFT process, the received signal in frequency
domain is:

R=HTNMD+n (3)
Where H = diag(H,) and Hk is the frequency channel

response at subcarrier k. n is the AWGN noise vector and

R = [r(O),r(l),..., r(N -1)] , in which r(k) is the

received signal at subcarrier k .
However, since the signal of the OFDM in time domain is

a sum of parallel random signals, this easily leads to high
PAPR. As the power is not a problem and more expensive
PA is acceptable at the Node B, high PAPR is not a big
challenge in downlink. However, for uplink, the low cost PA
is required and the battery life is limited, the high PAPR will
decrease the power efficiency in UE and thus decrease the
coverage efficiency. To avoid such shortage of OFDMA, the
technology to reduce the PAPR is necessary.
To reduce the PAPR, many technologies has been

proposed and researched in detail, such as the selective
mapping, clipping and filtering, etc. [6] has proved that the
performance ofOFDM will deteriorate little when the PAPR
is reduced to below 6dB by clipping and filtering, and the
extra complexity is acceptable. Therefore, in this paper, we
will concentrate on the link-level performance comparison
of different MA schemes.

B. DFT-S OFDM

Single-carrier transmission combined with dynamic
bandwidth allocation has emerged as a main candidate for
the evolved UTRA uplink transmission scheme [1]. The
main reason for the preference for single-carrier transmission
is the lower PAPR. Compared to multi-carrier signals, the
corresponding power-amplifier efficiency is improved and
the coverage (higher data rates for a given terminal peak
power) will not be deteriorated.

Furthermore, DFT-S OFDM can be regarded as the
frequency generation of SC-FDMA transmission. Obviously
it can, alternatively, be seen as OFDM (IFFT) proceeded by
a DFT-based pre-coding (refer to Figure 8). Then the signal
transmitted without cyclic prefix (CP) will be

S = FNTN,MFMD (4)

Where FM is M point FFT. DFT-S OFDM also has two
modes, localized and distributed FDMA. Figure is an
example of the localized mode of DFT-S OFDM. M-points
FFT is first applied to the size-M block of modulation
symbols. The exact set of samples to which the FFT output
is mapped depending on exactly where in the overall
spectrum. The frequency-domain pulse-shaping (spectrum
shaping) may be applied before the signal is transformed
back to the time-domain by means of an IFFT. Similar to the
time-domain pulse shaping, the spectrum shaping can be
used to trade-off spectrum efficiency vs. PAPR. Note that
the spectrum shaping of Figure 6 includes a bandwidth
expansion as a roll-off larger than zero implies a signal
bandwidth larger than the symbol rate. This corresponds to



the required up-sampling needed as part of time-domain
pulse shaping.

At the receiver side, reverse processing to that of Figure 6
will be done. After removing the guard interval and going
through the N point FFT, the received signal at the
frequency domain is expressed as:

R=HTN,MFmD + n (5)
Then the equalization also can be done in frequency domain
for DFT- S OFDM and in next section, we will explain it in
detail.

III. SYSTEM PARAMETERS AND EQUALIZATION

In 3GPP LTE proposals, many of the comparison results
on MA scheme are based on the 3GPP channel- Pedestrian B
3km/hour or Vehicular A 120km/hour. It is obvious that
transmitted signal, no matter for OFDMA or DFT- S OFDM,
after passing such fading channel, will become frequency-
selective at receiver. If the channel is not constant over the
user specified subcarriers, an equalizer, e.g. a frequency-
domain equalizer, is needed to restore the signal. In this
paper, we adopted zero forcing (ZF) and minimal mean
square error (MMSE) equalizer for comparison.
For OFDMA system, after ZF operation, the signal will be:

D=H*W(HTNMD+n) (6)

= H*WHTNmD + n where n = H*Wn
Where W is a diagonal matrix and is defined as:

W = diag (7)

After equalization, the recovered data D is directly
forwarded into soft-demodulation and decoding module at
OFDMA receiver. So obviously, the frequency diversity
gain will be achieved for the channel is frequency selective.
The more frequency selective the channel is, the more gain
is expected for OFDMA system. In next section, simulation
results will be presented to prove our analysis here.
For DFT-S OFDM system, after MMSE operation, th(

signal will be:

R=H*w(HTNMFMD + n)

N M M ~~~~~~~(8'HH*WHTNmFMD+ (8

Here the matrix WV is as

Where SNR means the signal to noise ratio of subcarrier
k. Compared equation (8) to (6), it can be found for DFT-
S OFDM, an M point IFFT still need to do in order to

demodulate the transmitted signal, then the signal after M
point IFFT is written as:

D = FMTN MR

M N,M-F)U) M (H*WH)TN,mFmD±ii
(10)

Where n = FmTNmn. Now the recovered data D can
be forwarded to soft-demodulation and decoding module at
DFT-S OFDM receiver. The merits of DFT S-OFDM
comes from its realization in time-domain can decrease the
PAPR to some degree. However, for decoding is
implemented in time domain, only the time selective fading
can be taken advantage by DFT-S OFDM.

The simulation parameters are as Table 1 [7].

TABLE 1. SYSTEM PARAMETERS

Sampling rate 7.68MHz
Channel Bandwidth 5MHz
Sub-carrier spacing 15kHz

FFT size 512
Number of sub-carriers used 300

Modulation QPSK/16QAM
Coding Turbo 1/2

CRC length 16
Frame length loms

Sub-frames length 0.5ms
Symbols per sub-frames 7

Circulated clipping and
PAPR reduction techniquesfitrnfiltering
Simulation wireless channel Pedestrian B, 3km/h

Vehicular A, 120km/h
Tx Antenna/Rx Antenna lxl, 1x2 or 2X2

IV. SIMULATION RESULTS

In this section, the link level simulation results of two MA
for uplink are compared. Figure 2 presents the Bit Error

e Ratio (BER) performance of uncoded systems for two MA
schemes with the ideal channel estimation. It should be
noticed that performance ofBER and BLER show different
trend in uncoded systems for the two MA schemes. As to

>) BER performance, OFDMA has near 1dB gain over DFT-S
OFDM scheme when BER is equal to 102; while DFT- S
OFDM shows better BLER performance than OFDMA.
As to OFDMA the BER performance is decided by the

number of sub-carriers in deep fading, even in relatively
noisy circumstances, datas modulated on the carriers of
better gains can still be rightly demodulated. Thus, the bit
errors of OFDMA are random errors, and the bit errors are
more scattered. While for DFT-S OFDM, demodulation is
implemented in time domain and its signal is an average of
those before IFFT, so the BER performance depends on
time-domain channel condition. If signals undergo a period



of bad channel condition or relatively noisy circumstances,
it will be prone to engender burst errors. Therefore, BER of
OFDMA is lower than that of DFT-S OFDM since
frequency-selective channel does the favor to OFDMA.
However DFT-S OFDM is more sensitive to SNR and so as
SNR increasing, the BER performance between OFDMA
and DFT-S OFDM becomes close in Figure 2. While from
the view of bit error distribution, BLER performance of
OFDMA is worse than DFT-S OFDM in Figure 3. The
reason comes from that bit error distribution of OFDMA is
more decentralized, namely there are more error blocks, so
BLER is higher than DFT-S OFDM; as to DFT-S OFDM,
the distirubition of error bit is relative more concentration,
there are less error blocks occurring, and BLER is lower.
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and does the favor to OFDMA scheme. So OFDM
combined with coding can lead to obvious performance
gain compared to time domain coding scheme.
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Figure 4 Coded performance with 300 sub carrier

It is known that the receiver will work with some channel
estimation schemes and in Figure 5, the performance of
different MA with the real channel estimation at
120km/hour is plotted. Here we adopt the frame structure
for OFDMA and DFT-S OFDM from 3GPP 25.8 14 V1.0.1
[8]. No matter for OFDMA or DFT-S OFDM, the channel
estimation error will degrade their performances. It can be
found that OFDMA scheme has near 5dB gain compared to
DFT-S OFDM scheme when BLER is equal to 10-2 for
16QAM.

Figure 2 Uncoded BER performance with ZF equalizer
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Figure 3 Uncoded BLER performance with ZF equalizer

In Figure 4, Block Error Ratio (BLER) performance of

coded systems for OFDMA with ZF and DFT-S OFDM

with MMSE is given. Obviously, OFDMA has near 3dB

gain over DFT-S OFDM when BLER is equal to 10-2.The
reason also comes from the channel is frequency selective

Figure 5 The performance of 120km/h with the real

channel estimation for different MA

[9] shows when code rate rises to 2/3, the difference

between DFT-S OFDM and OFDMA becomes closer.

Multiple Input and Multiple Output (MIMO) is also one

candidate scheme for LTE in order to improve the

performance and spectral efficiency. Figure 6 presents the

BLER performance of two MA schemes with the ideal

channel estimation. Here space time block coding (STBC)
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is adopted at transmitter and ZF or MMSE equalizer is
adopted at reciever. Obviously, OFDMA has near 2dB gain
over DFT-S OFDM scheme when BLER is equal to 10-2 for
QPSK. When modulation is changed from QPSK to
1 6QAM, OFDMA increases to 6.5dB gain over DFT-S
OFDM scheme. Therefore, the performance difference
between OFDMA and DFT-S OFDM is increased for
MIMO system.

LTE UL: 2-Tx 2-Rx, Code rate=1/2, 3km/h
10°

:f - -*- fOFDMA QPSK
X X X X OFDMA QAM16

* - DFT-SOFDM QPSK
.\ - DFT-SOFDM QAM16

when BER is equal to 10-2. When turbo coding is adopted,
OFDMA has near 3dB performance gain than DFT-S
OFDM when BLER is equal to 10-2. As for MIMO system,
the performance difference between OFDMA and DFT-S
OFDM is increased. Since the PAPR can be reduced to
lower than 6dB as required by 3GPP, OFDMA has the
perforymance gain than DFT-S OFDM in link level
simulation.

OFDMA QAM PAPR
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Figure 6 MIMO performance of different MA

One important factor affecting OFDMA as the uplink
multiple access scheme is its high PAPR and thus it limits
the coverage considering the limited power of terminals.
The reason comes from that the signal of OFDMA after
IFFT could be considered as the sum of random waves and
it possibly leads to a high PAPR. In Figure 6, the PAPR
value of OFDMA is given with the variable subcarrier
number. No matter for 16QAM and QPSK, the value of
PAPR could reach nearly 10dB. There are many methods
have been proposed to decrease PAPR for OFDM system
and clipping-filtering is one of schemes with the low
complexity [6]. From the Figure 7, it is clear that the
clipping-filtering scheme can obviously decrease the PAPR
after one iteration and its value is lower than 6dB after two
iterations. However, as the iteration times increase, the
PAPR value will not reduce too much. So two to four
iterations are reasonable times considering the complexity.

V. CONCLUSION

In this paper, the basic principle of OFDMA and DFT-S
OFDM is explained and their performances are compared.
From the simulation, results show that without coding,
OFDMA has 1dB performance gain than DFT-S OFDM

(b) QPSK PAPR

Figure 7 PAPR value ofOFDMA system
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