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V-BLAST Technique for Uplink MC-CDMA Systems
in Rich Scattering Environment
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Abstract

In this paper, we propose a new appro
CDMA system in rich scattering environ
proposed system, an efficient MIMO techni
V-BLAST (Vertical Bell Laboratories
Time) is applied in order to increas

capacity can be increased significantly.
most of V-BLAST related researches whi,
perfect knowledge of channel, we also ¢
of the practical channel estimation to
performance. In this paper, we
performance of this system in both rich scatteri
and low scattering channel. We show that this syste
be used efficiently in rich scattering environment.
scattering environment, the performance of this
too close with original MC-CDMA q)&

e proposed by Lucent Bell Labs [4], known as
, is one such system. It splits a single data
i multiple substreams and transmits these
Itaneously, one on each transmit antenna.
ser detection base on BLAST  was
S-CDMA system in flat fading
ain objective of this approach is to
hission capacity by re-use the spreading
ers with the same spreading code can
ing V-BLAST processing. A mobile
ered as one transmitter antenna, and
3. : t be installed at base station.
5 P e proposed the hybrid system between MC-
-BLAST. We focused on using this system
plink mobile communication network. With re-use
preading "code, system capacity can be increased
on: cantl Moreover, this system can support high
ssion because of using low spreading factor
We investigated the performance of this system by
g with that of the original MC-CDMA system. In
) ticaj™ conditions, particularly channel

m. In ac
the result of simulation with estimati V
this system is suitable for practical implén

Keyword : MIMO, DS-CDMA, J
BLAST, ICI

C-CDMA, V-

1. Introduction

CDMA) is a prorms
mobile commumcatlo e it/ % ?gg
against frequency seleqlve ading. s technology,

each chip of data symbol is spread into several parallel
substreams, each substream is then modulated with
respective subcarrier.

Recently,  multi-input  multi-output  (MIMO)
communication system has also gain much interest [1-3].
Information theory research has shown that the rich
scattering wireless channel can achieve enormous spectral
efficiency through multiple transmitter and receiver
antenna systems. The vertical layered space-time

WAL

-and ared of implementation, will be taken into

‘organized as follows. We briefly
ntroduce the V-BLAST overview in section 2. Section 3
presents the hybrid system between MC-CDMA system
an@ V-BLAST system . In section 4 simulation results of

AU 8 INUNSRBEAF = o =

Multi-carrier code d1v151on multlple access (MG

erview™’

t:la rEIl antennas are used at

transmitter and receiver. We assume that this system
consists of T transmitter antennas and P receiver antennas.
The data stream is split into T substreams, and each
substream is sent through a different transmitter antenna.
The data symbols from all transmitter antennas are
transmitted via same bandwidth at same time. It is clear
that each receiver antenna must receives the signals from
all T transmitter antennas. These signals can be
distinguished by difference among channel coefficients.



Therefore, nulling vectors must be used. Property of
nulling vector (W) is shown in (1). That is

B 0 RES]
Wi(H)j'__ 1 S 3 (1

1=

~—

where H is PxTchannel transfer function matrix, and
(I—? ) , denotes j-th column of A. hyis the complex
channel coefficient from transmitter j to receiver i.

The satisfy nulling vector W; is i-th row of pseudo
inverse matrix of 7. The detection process is shown in
(3) and (4).The P X1 total received signal vector is denoted
by 7. a,denotes desired signal of i-th user. 77 is additivs
white Guassian noise.

7" =(ﬁ)|al +(ﬁ) a, +(ﬁ) P

wl = Wl(H)lal +WI(H)232+WI(H)333
From (1)

W, T =3+W 1]

Moreover, the original V-BLAST syst

successive detection and subsequen

detected signals. Among the undetected s
with highest post detection SNR is detect

3. Hybrid System between MC-C
V-BLAST

We use the hybrid system over upli
CDMA system in order to extend c
transmission rate. The base station consists of
receiver antennas while the multiple transrmtter ante
in original V-BLAST are treated as
station transmitter. In the considered:
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where W onk = Cpk (n)H; (n) (8)

H i (n) is channel transfer function of n-th subcarrier

of k-th user, and ¢, (n) is n-th chip of spreading code of

k-th user.

For detection process, the first step of is the
despreadmg of received signal for suppression
ormation of other users who use different spreading
In addition, the MRC equalization technique is also
in this step for MAI suppression. After that, we
from all of receiver antennas for increasing in
Let Y be the K x1complex vector of

p=1
L
= Ty, v, (10)
p=l
space-code cross correlation matrix and
L

2y, n, (11)

p:

fimation process.

- [ﬁ @) ]‘“ (12)

that all of K users in system are divid
users. Every user in one group uses s

so we use only G different spreadinm
users.

The received signal of MC-CDMA sfsm in /-th
period at p-th antenna denot

e for a

which its spreading factor equ;

r,,[l) Z Za [I]hkn k (n)c et +1,

ﬂi’ﬂ“’“}eﬂﬁﬂ

enrose pseudo inverse operation.
e order in iterative process. In this

considercd syst R is square matrix, so we can use
erse operation instead of pseudo inverse operation for
user

third step, we obtain the £, -th
W OT st detectlon SNR, defined by

je {k, ...k,._,}

= arg ; mmG

k=1 n=1 (13)
The discrete Foun @}&ﬂdw ll mr’el’g‘ wﬂ a a ; matrix. We use the
r,(] with in one syml penod 1S x,(n)-

vy =rr, 0 ]= Ty iy ok, 1470 ©)

We represent x (») in vector form as the sum of signal of

all users and additive white Gaussian noise.

1=n0AaQ..3MNT

k; -th row of matrix G, to be the nulling vector of this
user. That is
= (G, (14)
The fourth step is the computation of the estimate symbol
a,

z, = w,Y? (15)



a, = @(z,) (16)
@(.) denotes slicing operation which appropriates to

modulation technique in use. The fifth step is interference
cancellation. We subtract the detected symbol from ¥

vector. That is

Fen = 7o (ROY g, 17
where (ﬁm)" denotes the k,-th column of R©. After that,
we obtain matrix R‘*"by zeroing the k;-th row and the

k;-th column of R, and the step 2%.5™ have been

repeated continually until the symbols of all users are
detected. It should be noted that the performance of thi
detection process depends on nulling vector.

quantity of noise in Y. From (9) and (15)

=a, tw

H ~
k17

P
=ay, +w (TP, n,)

p=1
Thus, post detection SNR (p, ) can be gi

(0
P : y
s [

Hence, we can conclude that the smaller
Wi the better the performance. This norm

Pr, =
E|

95

4. Simulation Result

In this section, we evaluate our proposed hybrid
system for different environment. We also consider the
effect of estimation error. So, we obtain simulation result
of real uplink channel estimation which use time-repeated
code (described in [6]). In this simulation, we use channel
model described in COST207 standard [7]. We simulate in
two frequency selective fading environment. They are
typical urban area which is rich scattering area, and rural
area which is low scattering area. We assume slow fading
channel, so fading is constant over time interval of a
ymbol. We divide a total of 16 users into 4 groups of 4
and use carrier frequency at 20 GHz with QPSK
ion scheme. The main parameters are: spreading
=16, number of receiver antennas P=4 |,
pler frequency (f max) =370 Hz, frame
bols, and chip interval T= 0.2 ysec. In

vide cyclic prefix that has sufficient

evaluate the performance of the hybrid
arison with the original MC-CDMA
brid system, the spreading factor (N)
users in the same group (M) are 16 and
meanwhile, we use spreading factor (N)
0 the original MC-CDMA. Therefore, these
ave same capacity or can support maximum
iginal MC-CDMA system, we use MMSE
n square error) receiver [8], of which its

a1t

ference SNR values, for both systems. These systems
ated in urban area and rural area. In the hybrid
erforrpance in urban area is better than the
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Figure 1. norm ef?ect in different environment

From figure 1, as the number of receiver antenna
increases, the average norm value decreases significantly.
Furthermore, the average norm value in urban area is
smaller than the average norm value in rural area. Thus,
the urban area with rich multipath scattering has more
capacities than the rural area through using V-BLAST
processing architecture.

igal
B V) P
is too close with origin

' 3). In original MC-CDMA system,

{"area performance surpasses the urban

e because of frequency selective fading

¢“Compare between these two systems, it

cmbe seen that the hybrid system outperforms the

em in urban environment. In

ormance of the hybrid system

inal MC-CDMA system. However,

the hybrigystem is also us in rural area environment
ider:

factor can increase
%% ‘ .
fi 3,we consider about estimation error effect

on the system performance. We simulate in rich scattering
area (urban area), and use the time-repeated code channel
estimation for uplink network: no user use same spreading
code in pilot period. In table 1, as the frame length
increase, the average mean square error (MSE) of
estimation increase. When we use frame length equal to
500 (low error of estimation), the system performance are
quite good. Next, we increase the frame length ;as a result,
estimation error increase considerably (0.02-0.05).




However, we can see that the hybrid system still has
suitable performance. At SNR = 10, the hybrid system can
tolerate up to 3-10% of channel estimation errors with a
acceptable degradation to the performance. Consequently,
this result confirms that the hybrid system is suitable for
practical implementation.

1.E+00
1501 - gy -
o
w
4]
C1E02d o OO
©
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<
1.E-03 +-[—s—rural : original MC -CDMA_|--~~~">
—O—urban : original MC -CDMA
—a—rural : hybrid system
—>—urban : hybrid system
1.E-04

0

the hybri;j system with MC-C

96

channel estimation in up link mobile communication
system.

Table 1. The average MSE of time-repeated code
channel estimation

Frame length 500 | 1000 | 1500 | 2000
MSE SNR=5 | 0.089 | 0.112 | 0.145 | 0.199
SNR =10 | 0.035 | 0.057 | 0.091 | 0.144
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