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Abstract - We discuss the performance of SC-FDMA-
CDMA and shows the performance of different sub-carrier
mapping schemes for SC-FDMA-CDMA, namely Localized
Frequency Division Multiple Access (LFDMA), Interleaved
Frequency Division Multiple Access (IFDMA) and hybrid
subcarrier mapping (FDMA+IFDMA). Simulation results
show that SC-FDMA-CDMA performs better in PAPR for
uplink.
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I. INTRODUCTION

Direct Sequence Code Division multiple Access (DS-
CDMA) is a multiple access spread spectrum technique.
Literally, a spread spectrum system is one in which the
transmitted signal is spread over a wide frequency band,
much wider than the minimum bandwidth required to
transmit the information being sent. Band spreading is
accomplished by means of a code which is independent of
the data. A reception synchronized to the code is used to
de-spread and recover the data at the receiver. DS-CDMA
system offer several advantages in cellular environments
including easy frequency planning, high immunity against
interference if a high processing gain is used, and flexible
data rate adaptation [4].

Single Carrier Frequency Division Multiple Access (SC-
FDMA) [5-6], is a multiple access technique and it
utilizes single carrier modulation and orthogonal
frequency multiplexing. It has been adopted by the third
generation partnership project (3GPP) for uplink
transmission in the technology standardized for long term
evolution (LTE) cellular systems. SC-FDMA is sometimes
referred as DFT-spread or DFT-pre-coded OFDMA. One
of the advantage of SC-FDMA signal has lower PAPR
because of its inherent single carrier structure. Therefore,
we consider single carrier instead of multi-carrier to
combine with spreading technique. Moreover,
conventional SC-FDMA cannot operate with some
terminals using localized scheduling and others using
distributed scheduling because it achieves orthogonality of
sources by having each sub-carrier occupied by no more
than one terminal at any time. By using the orthogonal
direct sequence spread spectrum technique prior to SC-
FDMA modulation, both mappings can coexist with
overlapping sub-carrier. Hybrid subcarrier mapping
scheme gives higher data throughput than the conventional
subcarrier mapping schemes, we refer to this multiple

access scheme as signal carrier code-frequency division
multiple access (SC-CFDMA). It can be viewed as a
combination of DS-CDMA and SC-FDMA [5]. We can
call it as SC-FDMA-CDMA, which inherits merits of SC-
FDMA and DS-CDMA. Therefore, it has better PAPR
performance because of single carrier structure from SC-
FDMA.

In this paper, we investigate the basic principle of SC-
FDMA-CDMA and give the Performance of the system.
Furthermore, we discuss different sub-carrier mapping for
SC-FDMA-CDMA, i.e., localized sub-carrier mapping,
interleaved sub-carrier mapping (a special case of
distributed sub-carrier mapping with equidistance between
occupied sub-carriers), and hybrid sub-carrier mapping (a
combination of localized and distributed sub-carrier
mapping). Simulation and test results show that SC-
FDMA-CDMA performs better for uplink in PAPR.

II. SYSTEM MODEL

Fig.1 shows the SC-FDMA-CDMA system structure.
We consider an uplink SC-FDMA-CDMA system with K
users. The information symbols bk = { bk (n),n=1,2,…,N}
Є  {0,1,…2M -1} of user k, k=1,2,…K,  M is a modulation
level such as , M=2 for QPSK. dk = [ dk(1), dk(2)...
dk(N)],denote the kth user’s complex data symbol frame of
size N, with each symbol dk(n) drawn from a QPSK
constellation. In the transmitter, the complex-valued data
symbol dk(n)  is multiplied with the user specific spreading
code ck =[ ck(1), ck(2),.. ck(L)]T. The maximum number of
available orthogonal spreading codes is L which
determines the maximum number of active users K. The
length of cyclic prefix added is Lg sampling periods.
SC-FDMA-CDMA simulation model is shown in
Fig.1.The rand data k b is mapped into complex-valued
data symbols. Each data symbol is multiplied with the
spreading code, yielding Sk . It is Kronecker product of dk

and ck / √L, as is shown in (1).
(sk) LxN =   dk [Ck /√L] (1)

Orthogonal Walsh-Hadamard codes are used for
spreading. In the process of spreading, the spread code
will be normalized. We call the elements in sk as 'chips'.
For brevity, but without loss of generality, the SC-FDMA-
CDMA signal generation is described for a single data
symbol per user as far as possible, such that the data
symbol index can be omitted. Then sk is passed to SC-
FDMA modulation, after DFT pre-coded operation,
yielding .
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Fig.1. SC-FDMA-CDMA system simulation model

Next it implements subcarrier mapping, achieving
(n=0, 1,…,QNc -1), after IFFT and adding CP process,
yielding , as is shown in (2).∑ / , v = -Lg…,QNc-1         (2)

In SC-FDMA modulation, DFT size is equal to
spreading length L , and IFFT size is Q times of spreading
length in order to satisfy IFFT size >> DFT size. Q is the
spreading factor.

Before the user data pass through channel, K user data
combine together. After through channel, the user data is
implemented by inverse SC-FDMA, yielding

r’= ( ′ , ′ ,… ′ , … ′ ) ,
rn’=[ ′ (1), ′ (2) ,… ′ (Nc) ]T

Nc=L . The operation of de-spreading is that received data
are multiplied with the transpose of spreading code.
Then we reach

r =(ck)
T r’/√L (3)

r = ( , ,… , … ) T,
rk = [ (1), (2) ,… (n),... (N)]

According to maximum likelihood criterion,
= arg { / } (4)

du
u = 0, 1,…,2M-1 , are constellation point sets.
Equation (4) is equivalent to find the data symbol du that
minimizes the squared Euclidean distance between the
received and all transmitted symbols. The most likely
transmitted data vector is

= arg △ ( , ) (5)
du

After ML soft detection, we convert decimal integer
symbols to a binary string and count BER.

III. SIMULATION AND ANALYSIS

We build the simulation model for uplink in AWGN
channel and use maximum likelihood soft detection [7-9].
Therefore, we can be conveniently and easily to realize the
performance simulation.

Fig.2 shows the BER performance of SC-FDMA-
CDMA in different users, where the spreading length is

16, and the frame length is 1024, the spreading factor Q=2.
We use localized sub-carrier mapping for SC-FDMA-
CDMA. The different parameters are marked in the figure.
So we can know from the figure that the performance
becomes worse with the increasing user number.

Fig.2. BER Performance of different users in SC-FDMA-
CDMA

Fig.3 shows the performance of interleaved subcarrier
mapping and localized sub-carrier mapping. The spreading
length is 16, Q =2 and the frame length is 1024. The
different parameters are marked in the figure. We can
know from the figure that both subcarrier mapping
schemes essentially have the same performance for
AWGN channel.

Fig.3. BER Performance of conventional sub-carrier
mapping for SC-FDMA-CDMA
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The BER performance of hybrid sub-carrier mapping
according to different allocation for SC-FDMA-CDMA
are shown in Fig.4, Fig.5 and Fig.6. The frame length is
1024, the number of user is 8, and spreading length is 16,
Q=4. As shown in Fig 4, we allocate localized mode for 1
user (1IFDMA) and interleaved mode for 7 users
(7LFDMA) in order. According to Fig.4, we can know
that the BER performance of (1IFDMA+7LFDMA) is
better than that of (1LFDMA+7IFDMA), the BER
performance of (7IFDMA+1LFDMA) is similar to that of
(7LFDMA+1IFDMA).

Fig.4. BER Performance of Hybrid sub-carrier mapping
for SC-FDMA-CDMA (1:7; 7:1)

Fig.5. BER Performance of Hybrid sub-carrier mapping
for SC-FDMA-CDMA (2:6; 6:2)

From Fig.5, We allocate localized mode for 2 users
(2IFDMA) and interleaved mode for 6 users (6LFDMA)
in order. According to Fig.8, We allocate localized mode
for 3 users (3IFDMA) and interleaved mode for 5 users
(5LFDMA) in order. From Fig.5 and Fig.6, we can realize
that that the BER performance of (IFDMA+LFDMA)
outperforms that of (LFDMA+IFDMA). Moreover, when
the number of user for IFDMA is larger than the number
of user for LFDMA, the BER performance will become
better, since the hybrid subcarrier mapping will destroy the
orthogonality of users. Moreover, the orthogonality of
users in (IFDMA+LFDMA) mode is better than that in
(LFDMA+IFDMA)

Fig.6. BER Performance of Hybrid sub-carrier mapping
for SC-FDMA-CDMA (3:5; 5:3)

IV. CONCLUSION

Through this paper, we have put the performance of SC-
FDMA-CDMA based on uplink. For simplicity, we only
consider ideal channel. We evaluated several scenarios
such as spreading gain, different user and different sub-
carrier mapping. Simulation results show that the PAPR
performance of SC-FDMA-CDMA performs better for
uplink. Also from the hybrid subcarrier mapping for SC-
FDMA-CDMA, it is clear that it is great of helpful for
system sources scheduling. However, the hybrid subcarrier
mapping will destroy the orthogonality of users. This
disadvantage can overcome by Channel-Dependent
Scheduling (CDS) and adaptive modulation.
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