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Abstract— Distributed antennas systems (DAS) transmission has been recognized as one of the   spectrally efficient techniques in future 
cooperative communication based cellular wireless communication systems. In this paper,  we have tried to make a comprehensive study 
on the impact of implementing   DAS Group Cell  scheme on performance evaluation of  downlink Turbo encoded MIMO OFDMA  wireless 
Communication system. With both 4-by-4 transmit and receive antennas and simultaneous transmission of identical signals from three  
distributed antennas systems  of adjacent cells , it is observable  from computer simulation study that the system under consideration 
shows its robustness in retrieving transmitted signal in hostile fading channel. 

Index Terms— Distributed Antennas Systems (DAS), Turbo coding, Linear signal detection technique, Bit Error Rate (BER), AWGN and 
Raleigh fading channels.  

——————————      —————————— 

1 INTRODUCTION                                                                     
he wireless transmission and networking technologies are 
the essential components of the mobile communication 
systems. Due to the recent breakthrough in transmission 

technologies, cellular communications have entered the era of 
cooperative communications. The concept of Group Cell archi-
tecture was proposed correspondingly by the authors [1, 2]. 
Distributed antennas systems (DAS) was first introduced to 
improve the indoor coverage performance of wireless com-
munication systems in 1987[3].The DAS with multiple remote 
antennas connected to same Base station (BS) is gaining more 
attention as an effective means for signal quality enhancement, 
capacity improvement and spatial diversity. A Scenario of 
Distributed Antenna Systems (DAS) with multiple remot    
antennas connected to a single Base station (BS) is shown in 
Fig. 1. 
Various types of cooperative communication schemes such as 
relay, DAS, multicellular coordination, Group Cell, Coordi-
nated Multiple Point transmission and reception (CoMP) have 
turned the traditional cellular system into a cooperative sys-
tem. Unlike typical cooperative relay systems for which the 
available system bandwidth is shared for transmission to user 
equipment (UE) and for relaying. DAS does not require addi-
tional radio resources as remote antennas are typically con-
nected to the BS via optical fibers. Cooperative communica-
tions have recently been migrated to one of state-of-the-art 
features of 3GPP LTE-Advanced (LTE-A). 

In such system, base-station (BS) cooperative transmission 
under CoMP cooperative transmission scheme has been                                
widely recognized as a promising technique to enhance 

throughput by avoiding intercell interference (ICI), particular-
ly for cell-edge users. With development of  physical layer 
techniques , the data rate of mobile communication services 
has increased by about 100 times every six to seven years, and 
it is predicted  that in 2020, the required data rate will be 100 
to 1000 times as large as the currently served data rate. 

 
Fig. 1 Scenario of Distributed Antenna Systems (DAS) with multiple re-
mote antennas connected to a single Base Station (BS) 

Future mobile communication systems promise to provide 
very high data rates and mass wireless access services for 
broad area coverage.  It is expected that  such  cooperative 
communication based systems will meet up the challenges due 
to  constrained transmit power and  complicacy in  frequency 
of handover in high speed mobile environment (350km/h) of 
traditional cellular systems ; cell edge effect for transmission  
frequencies higher than 2 GHz  [4-6]. 

2 SIGNAL MODELS 
We assume that a user unit is receiving data from a Base sta-
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tion with Group Cell based distributed transmitting antennas. 
The Group Cell is characterized by various adjacent cells that 
use the same resources to communicate with the user unit. In 
transmitting section, we consider    a binary data stream d 
with elements }1,0{∈id for i = 0, 1, 2, …, L. The binary data 
are turbo encoded with its length is M (M=2L). The channel 
encoded binary data dturbo are  interleaved  and mapped into 
digitally modulated symbol vector X with its size N depend-
ing upon the order of modulation considered. The signal is 
spatially demultiplexed and processed under   implementa-
tion of MIMO OFDMA radio interface technology and data 
modulation in such case is made with utilization of twelve 
contiguous subcarriers. 
If H1, H2 and H3 are   considered to be the 4 × 4 channel matri-
ces for the cell 1 to user unit, cell 2 to user unit and   cell 3 to 
user unit and N1, N2 and N3 are the corresponding zero mean 
circularly symmetric complex Gaussian noise, Xs is the trans-
mitted signal and PL is the path loss, the received signal Y can 
be written as: 

Y =   H1 Xs+ N1- PL1linear   + H2 Xs+ N2- PL2linear 

+ H3 Xs+ N3- PL3linear                         (1) 
where, distance-dependent path-loss, PL in dB equals 128.1 + 
37.6log10(R), R is the distance in km from mobile unit to cen-
tral point of individual cell[4]. The linear value of path loss, is 
given by 

PLlinear=10^ (-(128.1+37.6log10(R))/10); 
After estimating path loss, Equation (1) can be written in sim-
plified form as 

(2)                X s NHYnew +=  

          Assuming equivalent channel matrix, 
H= H1+ H2+ H3 

and equivalent complex Gaussian noise, N= N1+ N2+ N3. The 
received signal Ynew can be processed to extract transmitted 
signal using various signal detection schemes.  
In Minimum mean square error (MMSE) signal detection 
scheme, the MMSE weight matrix is given by 

H
n

H
MMSE HIHHW 12 )( −+= σ         (3) 

and the detected desired signal from the transmitting antenna 
is given by 

 
newMMSEMMSE YWX~ =                 (4) 

  
 In Zero-Forcing (ZF) scheme, the ZF weight matrix is given by 
 

HH
ZF HHHW 1)( −=                   (5) 

and the detected desired signal from the transmitting antenna 
is given by[7]   

(6)                          ~
newZFZF YWX =                        

 

In  ZF-SIC  channel equalization scheme, the channel matrix H 
undergoes QR factorization as 
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where, Q  and R are  the  unitary and   upper triangular matrix 
respectively. Equation (2) can be rewritten on   multiplying by 
QH as 

NQRXsYQX H
new

H +==          (8) 
where, QHN   is a zero-mean complex Gaussian random vec-
tor. Since QHN and N have the same statistical properties, 
QHN can be used to denote N. We get Equation (8) as 

                    NRXsX +=              (9) 
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the detected desired signal 𝑿�𝒔 from the four transmitting an-
tennas can written  on neglecting noise term from Equation (9)  
as 
 

(10)  

)~~~(~

)~~(~

) ~ -(~

~

1,1

44,133,122,11
1

2,2

44,233,22
2

3,3

s43,43
3

4,4

4
4


















−−−
=

−−
=

=

=

r
xrxrxrx

x

r
xrxrx

x

r
xrx

x

r
xx

sss
s

ss
s

s

s

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 8,August-2014                                                                                                      7 
ISSN 2229-5518   

IJSER © 2014 
http://www.ijser.org 

In MMSE-SIC Scheme, the received signal, channel matrix and 
noise are extended 
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Where,  
s

n
2

2

σ
σ

   is the ratio of average noise power to average 

signal power (1/SNR).  On QR factorization of extended 

channel matrix, exH , we get 

(12)           . exexex RQH =  

Where, Qex and Rex represent a unitary matrix and an upper 
triangular matrix respectively. We assume that Y, H, N, Q and 
R are replaced by Yex, Hex, Nex, Qex and Rex respectively and 
correspondingly the resulting system takes the following form 

(13)        ..      
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Neglecting noise term in Equation (13) and using matrix in-
version scheme, the transmitted signal can be detected [8]. 

3 EVALUATION RESULTS AND DISCUSSION 
In this section, achievable BER performance of the 4 x 4 down-
link distributed antennas system (DAS) aided Cooperative 
wireless Communication system based on the parameters pre-
sented in Table 1 has been evaluated and discussed. Results 
presented in terms of signal to noise ratio (SNR) and bit error 
rate (BER) are obtained by the computer simulation programs 
written in MATLAB12. In our study, we assume a MIMO fad-
ing channel with its channel state information (CSI) available 
at the transmitter side and consider the bandwidth of the wire-
less channel wider as compared to transmitted signal band-
width to neglect Doppler frequency effect. 
 

TABLE 1 
SUMMARY OF THE SIMULATED MODEL PARAMETERS 

No. of Bits  8448 
Type of Cooperative 
technique used 

Distributed antennas 
systems (DAS) 

Antenna configuration 4 by 4 
No. of  adjacent cells in 
Group  

3 

Data Modulation QPSK, QAM, 16PSK, 
16QAM, 64QAM 

Receiver signal detec-
tion algorithm 

MMSE,ZF,MMSE-
SIC,ZF-SIC 

Channel Coding Turbo  

Cell radius 500 m or 0.5km 
Carrier frequency  3.5GHz 

 
It is quite noticeable that the BER curves depicted in Fig. 2 
through Fig. 5 are clearly indicative of showing distinguisha-
ble difference between system performance under various 
channel detection and digital modulation schemes. In all cases, 
the simulated system shows worst performance in higher or-
der digital modulation (64-QAM). In Fig. 2, it is observable 
that the DAS based Turbo encoded Cooperative wireless 
Communication system exhibits better bit error rate (BER) 
performance with deployment of ZF channel detection scheme 
in QAM digital modulation as compared to QPSK, 16-PSK, 16-
QAM and 64-QAM. In  Fig. 2, it is also seen  that at a typically 
target 1%(10-2) BER, the ZF  linear equalizer in QPSK and 
16QAM  require  approximately 1.2 dB and 5.3 dB higher SNR 
values as compared to  QAM respectively.  At a typically as-
sumed 4 dB SNR  value, the estimated BERs  are 0.0942 and 
0.1584  and 0.3690  in case of  QAM, QPSK  and 64QAM which 
imply  system performance  of  2.2570 dB and  5.2975 dB  in 
QAM as compared  to  QPSK and 64QAM respectively. With 
MMSE signal detection scheme, the simulated system is found 
to have BER values of 0.0774 and 0.2267 for QAM and QPSK 
(Fig. 3) which is indicative of a system performance improve-
ment of 4.6671 dB. In Fig. 3, it is observable that at the targeted 
1% BER, the MMSE linear equalizer in QPSK requires approx-
imately 3.2 dB higher SNR value as compared to QAM.  
In Fig. 4, it is noticeable that with MMSE-SIC signal detection 
scheme, the estimated BER values at 4dB SNR are 0.1792 and 
0.3759 for QAM and 64-QAM   which provides a system per-
formance enhancement of 3.2173 dB. In low SNR region, it is 
observed that the performance gap for QAM and QPSK re-
duces with increase in SNR value. In Fig. 5, a quite remarkable 
scenario is observed for QAM and QPSK under deployment of   
ZF-SIC signal detection scheme. In low SNR region, perfor-
mance gap reduces with increase in SNR values and in higher 
SNR region, the system performance is not well differentiable 
from each other. At 4 dB SNR, the simulated system achieves a 
performance improvement of merely 2.7509 dB in QAM as 
compared to 64QAM (BERs: 0.1941 and 0.3657). Graphical il-
lustrations  presented in Fig. 6 justifies the suitability of im-
plementing QAM digital modulation and MMSE  signal detec-
tion scheme  in pursuing satisfactory performance of the DAS 
Group Cell  scheme aided  downlink Turbo encoded MIMO 
OFDMA  wireless Communication system. 
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Fig. 2 BER performance comparison of downlink DAS Group Cell pro-
cessing scheme aided MIMO OFDMA wireless communication   system 
with adaptation of ZF Channel Equalization and various   digital modula-
tion schemes  

 
Fig. 3 BER performance comparison of downlink DAS Group Cell pro-
cessing scheme aided MIMO OFDMA wireless communication   system 
with adaptation of MMSE Channel Equalization and various   digital modu-
lation schemes  

 
Fig. 4 BER performance comparison of downlink DAS Group Cell pro-
cessing scheme aided MIMO OFDMA wireless communication   system 
with adaptation of    MMSE-SIC Channel Equalization and various   digital 
modulation schemes  

 
Fig. 5 BER performance comparison of downlink DAS Group Cell pro-
cessing scheme aided MIMO OFDMA wireless communication   system 
with adaptation of    ZF-SIC Channel Equalization and various   digital 
modulation schemes  

 

 
Fig. 6 BER performance comparison of downlink DAS Group Cell pro-
cessing scheme aided MIMO OFDMA wireless communication   system 
with adaptation of    QAM digital modulation and various Channel Equali-
zation schemes  

4 CONCLUSIONS 
With development of physical layer techniques, the data rates 
of mobile communication services are increasing. Cooperative 
communication has already been accepted as state-of-the-art 
feature of 4G LTE-Advanced system. Cooperative Relay tech-
nologies are expected to be implemented extensively in future 
generation robust and reliable wireless networks. In this pa-
per, we have presented a new co-operative scheme with de-
ployment of DAS Group Cells on performance assessment of   
Turbo encoded MIMO OFDMA wireless Communication sys-
tem. . In context of system performance under scenario of var-
ious digital modulations and signal detection schemes, it can 
be concluded that the DAS Group Cell configuration based  
Turbo encoded  MIMO OFDMA  wireless communication sys-
tem provides robust and satisfactory performance with MMSE 
signal detection and QAM digital modulation.  
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