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## 4670698221 :MAJOR ELECTRICAL ENGINEERING
KEY WORD: MC-CDMA / UPLINK / OPTIMIZATION / MULTIUSER / TRAMSCEIVER

PRAJAK SAETANG : TRANSCEIVER OPTIMIZATION FOR UPLINK
MULTIUSER MULTICARRIER CDMA SYSTEMS. THESIS ADVISOR : ASSOC.
PROF., SOMCHAI JITAPUNKUL, Dr.Ing. 74 pp.

In this thesis, the joint design of a precoder and a detector via convex optimizaition
technique for uplink MC-CDMA. systems under multipath fading channels was proposed and
investigated with assumption of presence of channel state information (CSI) at both transmitter
and rc_:caivcri Since for the uplink MC-CDMA system ineluding the precoder at transmitter and
linear detector at receiver, the closed-form formulae of which precoder and detector are the
solution of the minimum mean square error (MMSE) criterion is not available, the concept of
optimization is applied to determine the solution, Nevertheless, the problem is not formulated in
the convex optimization problem leading to being not able to guarantee the global optimum
solutions. In this thesis, formulation of the MMSE expression for joint transceiver design for
uplink MC-CDMA systems as second-order cone programming (SOCP) is developed by use of
change of variables and linear transformation techniques. The form of SOCP can be solved
numerically, efficiently by several software optimization packages c.g. SeDuMi. Indeed, the
SeDuMi is available as a Matlab’s toolbox for solving optimization problems over symmetric
cones. The performance of proposed modification to the conventional uplink MC-CDMA
system is evaluated in term of bit error rate at the output of detector at receiver and optimization
latency.

* According to the numerical results, this proposed scheme shows that the performance of
proposed technique is superior to that of conventional one with a use of MMSE MUD at the
receiver in case of perfect CSL. Moreover, even in case of imperfect channel estimate at the
receiver, the performance of the proposed scheme is marginally degraded. The effects of other
parameters on system performance are studied via computer simulation, and they also show that
the proposed scheme still has better performance than conventional for various range of

parameter values.
Department __Electrical Engineering Student’s signature_____‘!!ﬂ@?{ - 'J"'_"“‘ -
Field of study___FElectrical Engineering ......_..... Advisor’s signature. (T
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X, =D,b, +7, (2.14)
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minimize Ce X

subjetto AX =b, X ex (2.32)
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Efe.e}=—c' A"H!'WH'Al'c! +1 (3.14)

uazﬁmﬁm%ﬂuﬂ'wmmﬁﬂwmﬂf‘hﬁmmmﬁﬂ (mean square error : MSE)

E4
~

vosszuuluilasFugatlszasa la by Taolden Egee'} fldonaumsi (3.14) 1das
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MSE = trace(z E(eer )j
k=1
K
== (trace(cy! A HY WHY Al'c) )+ (KN)

k=1

K (3.15)
= —trace(wz (H,AcclAIH! )) +KN
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= —trace(W(W " ~ R)}+ KN
= trace(WR) + (K —1)N

k4 v ¥
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MSE = trace[(ZK:(chkUkc[' H')+ R) R]+(K -DN (3.16)
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d‘ v o A Y (- dy
uaz@ou lualanuaen 1@ 1w a4t

trace(U,) < p,, k=12,..,K (3.17)
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mlnlmlze W/
w{U, 1 k=1,2,.... ;O—' [il

subject to iuk[i]s PR K
v/ (.19)
W[i][Z(|Hk[i]ock[i]|2uk[i])+afj21
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g5 Ranuiou lutiam w[i](ZK:UHk[i]ock[i]Fuk[i])+aszl Tuilywinig
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Tﬂaﬁwwuﬂiﬁ’gLWHJ(jﬁ“Hdu-cdufudu)+aﬁ}uaz @ uny wii] i

k=1

REUFUNMIN (3.20) I8 lni §ail

@21 ¢ =3 (|H I, ulil)+of (3.20)

%zﬁwmiuﬂaﬂﬁ'adiusﬂuuumaﬂé’uﬁnam w15 lagordenisuilag

ﬁl
Y v

NWia ¥3one N3uaurudu (linear transform) A9

Hy
[}(ﬂll}

(3.21)
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72282 +1

9 1
wasnniuzimsulasndulfeglugdvesdmlsidudgailunsuyulal

% 18 Tae v Aadauilsae (slack variable) faid
2 > g +V2
é>f (3.24)

E4

swazdeamsulainauluglvesdnlsiay Weoulaaail
1 2 1 2 2
—(@+ 2—(w— +v

J@+e) 2 (@=¢)
(3.25)
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W[i](i“Hk[i]ock [l uk[i])+ai2j >1 (3.26)
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T+( 2

bl
2v (3.27)

v>1 (v isslack variable)

W ldaunsa@ouilymmsmisnnizigannaunsn 3.19) 1almi Tae
A v o Ay Y Vo A = ' v '
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=
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—@— MMSE MUD (no precoder, Perfect CSI)
—l— Transceiver Optimized (precoder, Perfect CSI)
—4&— MMSE MUD (noprecoder, Imperfect CSI)
————————————— —k— Transceiver Optimized (precoder, Imperfect CSI)
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Abstract—In this paper, we consider the joint transmitter and
receiver for uplink MC-CDMA systems. The equation of the
MMSE joint transmitter-receiver is expressed. We apply an
optimization technique by rewriting the equation of the joint
transmitter and receiver for uplink MC-CDMA systems as
second-order cone programming (SOCP) which can efficiently be
solved numerically by the existing polynomial convergence
software packages. Numerical examples show that the joint
transmitter-receiver optimization vyields the lower BER
compared with the MMSE receiver for both perfect channel
estimation and imperfect channel estimation case.

. INTRODUCTION

Multicarrier Code Division Multiple Access (MC-CDMA)
[1] is a promising approach to the challenge of providing high
data rates wireless communication. It combines the benefits of
CDMA and orthogonal frequency division multiplexing
(OFDM). The CDMA scheme is a prominent multiple-access
technique and the OFDM scheme is robust to frequency
selective fading.

The good performance of downlink MC-CDMA is
illustrated in [2]. Conversely, the uplink MC-CDMA has
shortcomings compared with the downlink system, that the
signals of different users experience different fading channels.
This situation deteriorates the orthogonality among different
spreading codes, leading to the multiple access interference
(MAI). Several techniques have been proposed to mitigate the
interference. On the receiver side, several schemes such as
multiuser detection (MUD) and interference cancellation
techniques [3] have been proposed to suppress MAI. On the
transmitter side, many techniques, based on optimal allocation
of the transmit power with respect to channel coefficients, have
been proposed to combat fading channel [4]. These schemes
require the channel state information (CSI) at the transmitter.

Recently, joint transmitter-receiver optimization has been
considered to improve the overall performance. In [5], joint
transmitter-receiver optimization approach is' proposed for
multiple input multiple output (MIMO) systems. This scheme
finds the joint optimum linear precoder and decoder in order to
minimize mean square error (MSE) of received output. In
addition, the joint optimum transmission schemes was
proposed for CDMA systems by using iterative algorithms to
search for the optimum signature sets [6],[7].

0-7803-9733-9/06/$20.00©2006 IEEE

In this paper, we apply an optimization technique for uplink
MC-CDMA systems. First, the equation of the uplink MC-
CDMA system including precoder at transmitter and linear
decoder at receiver based on minimum mean square error
(MMSE) criteria is expressed. Then, we rewrite the equation of
joint transmitter and receiver for uplink MC-CDMA systems as
second-order cone programming (SOCP) [8] and solved it
numerically by interior-point methods e.g. SeDuMi [9].
SeDuMi is available as a Matlab toolbox for solving
optimization problems over symmetric cones. Also, we
compare this scheme with conventional uplink MC-CDMA
systems that uniformly distribute transmit power over all
subcarriers and use MMSE MUD technique at the receiver.

This paper is organized as follows. In Section 2, we describe
the joint transmitter and receiver for uplink MC-CDMA
systems. In Section 3, we apply the optimization technique to
find linear precoder and decoder jointly. Section 4 provides
numerical results. Finally, some conclusions are given in
Section 5.

Il.  SYSTEM MODEL

In this paper, consider a quasi-synchronous uplink MC-
CDMA system where arrival delay of each user signal at the
receiver front end is maintained within the cyclic prefix
interval. Multiple -mobile users transmitting data to a base
station experience different fading channels.

A. Transmitter

In MC-CDMA, there are N evenly spaced subcarriers
shared by all the users. Each user is assigned a spreading code
with -length-chips.-k-th.. user’s information symbol b, is
replicated into N parallel copies. After each copy is multiplied
by a chip from the corresponding signature sequence
¢, =(c[¢[2,....c,[N]), it is mapped onto one of the
subcarries, all of which are to be transmitted in parallel. The
modulation is performed by using inverse discrete Fourier

transform (IDFT) to convert the parallel chips into serial form
for transmission.

The complex equivalent baseband transmitted signal can be
written as
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Fig. 1. Joint transmitter-receiver for uplink MC-CDMA systems.
channel impulse response. The received signal in the complex
© baseband representation in time domain can be expressed as
= J(t=iT, 1)
sc(t)= D s (t=iT,) (
i=—o0

where

i 138 L) t
s((t) == cInlanlb,lile ™= p («j :
N = N
¢, =(c[1,c[2],....c.[N])" is signature sequences of length
N of user k-th, a, =(a.[1],a[2],...a[N])" is precoder, T,
is a MC-CDMA symbol duration, T., is a CP duration,
T, =T, —T. is the duration of the MC-CDMA symbol
without the CP, and p; (t) is a rectangular waveform defined
as

1, 0<t<1
pT(t)={ =t @

0, otherwise.

B. Channel Model

We consider a frequency-selective fading channel in an
uplink channel that each mobile user transmits data from a
different location. Then, the receiver at the base station
estimates the channel matrices of all the users and the noise
correlation collectively known as the channel state information
(CSI). The channel of each user is modeled as a wide sense
stationary uncorrelated scattering (WSSUS) multipath channel

with L paths. The channel impulse response is described by

h(e.8)= 3 et~ (1) 3

where ¢, is the complex-value channel gain for I-th path of
the k-th user. 7, (t) is the time delay for I-th path.

C. Receiver

The received signal is an aggregation of the linear
convolution of each transmitted signal with the corresponding

(0= 1.0 +n0) @
where

W= a3 s -5 0)-iT,).

With use of cyclic prefix to avoid ISI and applying IDFT
and DFT operation, the channel matrix is circulant and
diagonal. The received signal based on a matrix representation
in frequency domain can be expressed as

K
r=> HACb +n (5)
=1

where H, =diag(H,[1],H,[2],....H,[N]), which H,[i] is the
frequency response of user k ’s channel at the ith point on the
FFT grid o =27zi/n, C, =diag(c[1],c[2],....,c [N]),
A, =diag(a[1], a[2],...,a,[N]), b, is the data symbol of

user kth-is replicated into N parallel copies of subcarriers and
n is an additive complex Gaussian noise with zero mean and
variance o”.

In general, the approach to maximize the signal-to-
interference-plus-noise ratio (SINR) is the MMSE receiver.
The MMSE receiver performs an appropriate G, to estimated

the data of user k as 6k =G,r thus

N K
b, =G,| D.HACH +nj
1=1

K
> GHACbH +G,n (6)
1=1

K
(G\HAC, -Db, +> G,HACH +G,n.
1=1,

[

The covariance of the error of user k as



E{eker}: E{(Bk _bk)(Bk _bk)H} (7)

By replacing (6) on (7) and the fact that the data of each user
and the noise are mutually uncorrelated. We will get the
covariance of the error of user k as following

E{eeF}= (GkaAka _1)(GkaAka _1)H

+i(GkH|A|C|)(GkH|A,CI)” (8)

+G,RG".

IIl.  THE JOINT TRANSMITTER-RECEIVER OPTIMIZATION

In this section, we apply optimization to find precoder and
decoder. The formulation of joint transmitter-receiver to
minimize the total MSE under the power constraints of the
transmitter coefficient A, can be written in general optimizing

problem as

K
minimize trace| > E{e e
{A¢.G }k=12,..K (kz_;‘ { Kk }

trace(A, AM) < p,, k=12 K.

)

subject to

The objective of the above equation is to jointly find A, (at
the transmitter) and G, (at the receiver) that will result in the
minimum total MSE in the context of multiuser. The constraint
is that trace(A,A}'), which is the sum of all the subcarrier

power of each user, is limited to p, as same as in the
conventional case.

Since the receiver G, are unconstraint, we firstly eliminate
G, by considering that regardless of A, , the linear MMSE
receiver G, can be written as a function of any A, as

G, =C'A'HI'W (10)
where
K -1
W :(Z(HkAkaCEAEHEHoZIj
k=1

and W is the covariance of received signal. By introducing a
variable U, = A, A}, we can rewrite optimization problemin
(10) as

WU —

K
minimize trace([Z(HkaUkC'k* H) +02Ijo—zlj

subject to trace(U, ) < p,,
U, >0

k=12,..K. (11)
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It should be noted that U, is positive semidefinite. Since the
channel H, and signature sequence C, of each user are

known and diagonal, we can rearrange this optimization
problem to second-order cone programming (SOCP) [8]
formulation as

N
minimize Y o?w

W{U} o1
N
subject to ulil<p, k=12..K
i=1
w-2
W+2z2> { } (13)
2v
ulil=0, i=12,..,N, k=12,.,K
v>1. (v isadditional variable)
where

2= (HICL17 u, i)+ o7

Accordingly, the optimized U, of all users have been
determined. The precoder A, at transmitter can be obtained by
factorization of asU, = A, Al . The corresponding decoder
G, atreceiver can be obtained by substituting A, into (10).

IV. SIMULATION RESULTS

In the simulation, we consider the MC-CDMA systems with
32 subcarriers for BPSK modulated data transmission. Each
user is assigned an unique Walsh-Hadamard sequence of length
N =32 as a signature sequence. Each user experiences a 3-
paths Rayleigh channel in which each path coefficient is
modeled as a zero-mean complex Gaussian random variable
with variance 0.5 per dimension and all path coefficients are
normalized equal to 1.

In Fig. 2, we compare joint transmitter-receiver optimization
with conventional MMSE receiver. It is observed that the joint
transmitter-receiver optimization gives the lower bit error rate
(BER). The 2.5 dB SNR gain of the proposed algorithm is
observed over a broad range of BERs compared with the
MMSE receiver case.

2

] e MMSE receiver B
_______ —&— Joint Tx-Rx optimize I

Eb/MO (dE)

Fig. 2. The BER performance comparison of the joint transmitter-receiver
optimization
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Fig. 3. The BER performance of the joint transmitter-receiver optimization in
the presence of the imperfect channel estimate.

We assumed a perfect knowledge of channel estimate or CSI
during the design stage. However, in a realistic scenario, the
channel knowledge is generally imperfect. Fig. 3., illustrates
the BER curve of the joint transmitter-receiver optimization
under the imperfect channel estimation environment is
presented. We model the estimated channel as

h, = L+, Re(h,) + i+ A,) Im(h,) (13)

where h, is the actual impulse response of the k-th user’s
channel, «, and g, are independent zero-mean white
Gaussian processes of standard deviation 0.3, Re() and Im(:)

denote the real and imaginary parts, respectively. Therefore, we
have a Gaussian relative error with a standard deviation of 30%
which can be seen as moderate error occur in channel
estimation part.

It is clear form Fig. 3, that the performance of the proposed
is marginally degraded by imperfect channel estimation.
Therefore, the proposed scheme is quite robust to the channel
estimation error.

V. CONCLUSION

We introduce an joint optimization technique to an uplink
MC-CDMA system. The proposed system includes precoder at
a transmitter and linear decoder at a receiver. The formulation
of joint transmitter-receiver based on minimum mean square
error was expressed. We adopt ‘second-order - cone
programming in order to solve the optimization problem. From
simulation results, the.joint ‘optimized transmitter-receiver
outperforms conventional uplink MC-CDMA that use MMSE
receiver. The effect of imperfect channel estimation was also
presented. Simulation results show that the proposed scheme is
robust to channel estimation error.
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