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ABSTRACT
Cooperative relay has been recently employed to resolve the problem arises from fading and

multipath propagation. Bit Error Rate (BER) is one of key metric used for system performance
assessment. This paper provides analytical formulation for the BER as a function of distance
employing 4Quadrature Amplitude Modulation (4QAM). Impact location of the relays and effects
of different propagation environment is considered. Also, impact of AF relay in reducing the
required SNR in case using 4QAM is presented. Results show that the best location of relays is in
the center between the source and destination. Also, using relays reduce the SNR, which reduces

the power of the transmitted signal.

Keywords: Amplify and Forward (AF) relaying; 4QAM; Rayleigh channel; BER; cooperative

relaying.

1. INTRODUCTION
Many enhanced technologies of wireless networks have been investigated and contributed by
academia and industry over the past few decades, relay is one of the most attractive

technologies [1]. Transmitting independent copies of signal generates diversity may be


mailto:haidermaw@ieee.org
mailto:aalomary@uob.edu.bh
mailto:hmalrizzo@ualr.edu

generated by transmitting signals from different locations, thus allowing independently faded
versions of the signal at the receiver. Cooperative communication enables this type of
cooperative diversity [2]. In [3] authors derive closed-form expressions of the exact bit error
rate computation for cooperative communication systems for 4/16 QAM modulation over
additive white Gaussian noise (AWGN) channels and Rayleigh fading channels. H. A.
Suraweera et al., [4] derived closed-form expressions for the outage probability in
Nakagami/Generalized-K and Generalized-K/Nakagami fading environments. Based on the
obtained formulas, new expressions for the average bit error probability of rectangular QAM
modulations were also derived. Trigui et al. [5] have investigated the outage probability of a
single relay transmitting over different channel condition. Also, investigated the perfeormance
of the system in term of BER for 4 and 16 QAM. This paper provides analytical formulation
for the BER in terms of distances between source, relay and destination with existence of
direct path. The BER simulated for a different relay locations with a specific propagation
environment. Also, compare the performance of the system with and without employing
relays and show how the relay enhance reduing the SNR with using 4QAM modulation.
Finally, investigating effect of different propagation environments on the BER of multiple AF
relay.

The rest of the paper is organized as follows. In Section 2, the system model of the considered
AF system is described. In Section 3, results and discussion are presented. Finally, Section 4

concludes the paper.

SYSTE MODEL

Large-scale fading in wireless system occurs when the transmitted signal passes through large
distances compared to the wavelength and obstacles causing shadowing and path loss.
Influence of the propagation environment in addition to the loss of signal power as a function
to the propagation distance cause path loss, while shadowing is the variation of signal power
as it is impeded by obstacles [6]. Path of the signal travels between the source and destination
fluctuates from Line of Sight (LoS) to that harshly obstructed by objects with Non Line of
Sight (NLoS) [7]. The path loss exponent, a, used to capture the effect of path loss with the
distance is d” [6]. The characteristic of different prorogation environments is referred to as

path loss exponent value [8]. Lower value of @ means availability of LoS, while larger values



of a implies the existence of NLOS due to obstructions [7]. For example, LoS environment is
represented by a = 3 and 4 while NLoS environment given by a = 5 [9]. Considering a system
in which the signal transmitted from the source s to the destination d is supported by N relays.
The system works in a half-duplex transmission mode. The transmission protocol requires
two phases. In phase 1, the source broadcasts information to the destination, and the
information at the same time naturally received by the relay. The received signal at the i-th

relay node, ys-, and the destination, ysq, are given by [10]:

ySI‘i :ﬂ Pt hsrix+ nsri, l = ], 2, 3, N (1)
Vsd =4/ Pt hsax+ nga, (2)

In phase 2, N relay nodes assist in amplifying the received signal and then retransmit the signal
to the destination node. The received signal at the destination due to the i-th relay transmission
is:

Vrid = Gpi Nrid Vsrit Nria (3)
where P; is the transmit power, x is the transmitted signal and G,; the amplification factor for
i-th relay. The ngi, ns¢ and nyiq are the additive white Gaussian noise (AWGN) of the source
to destination link, the source to i-th relay link and i-th relay to the destination link,
respectively with variance Ny. The hsa, hsii and hria are the channel coefficients modeled as a
circularly symmetric complex Gaussian random variable with variances 62, = dgq~ %, 62, =
deri ® and 6% = dyiq ©, respectively [11]. dgg, dgy and d,q are distances between the
source and the destination nodes, source to i-th relay nodes and i-th relay to the destination
nodes, respectively. In the simulations, the distance between the source and the destination is
normalized as dg; =1 km. Three cases are employed to simulate location of the relays: close
to the source, close to the destination and in the center between the source and the destination.
These three cases are investigated for availability of existing single and multi-relays. The
values represent the location of the relay are assigned according to:

dsq = dgrit drig 4)

the transmission gains are:

hori = () % hria = () F and ha = () 5 9)

and the amplification factor of i-th relay G, is [12]:




Gr =[5 (©)

where P;; is the power at the i-th relay. Let P, = P; = P,; and assume that the SNR of the source
to destination link, ¥4, the SNR of source to i-th relay link, ys,;, and SNR of the i-th relay to
the destination link, y,.;4 , written in term of distances, as:

_ Pt dsri_a _ Ptdrid_a — -
Vsri = NO > Vrid = NO and Vsa = NO (7)

The total SNR at the destination when a direct path link exists, between source and

destination, is:

N YsriVrid (8)

= L +
Va =1 Vsrit Yriat1 Vsa

For simplicity, assume SNR= %, the total SNR at the destination in Eq. 8§ may be rewritten
0

as:

— VN SNR? dsri_adrid_a
1=1 NR dgyp; %+ SNR dyig %+1

Ya + SNR de—a (9)

The BER for 4QAM modulation is [13]:

2 1 3
Pp ~ log, M (1 _\/_ﬁ) erfc( 2m-1) Ve ) (10)

where erfc (x) is the complementary error function and M is the modulation order. In this

work M = 4.

3. RESULTS AND DISCUSSION
Figure 1 illustrates influence location of relay on BER for multiple AF relays in sub-urban
environment, a = 4, and 4QAM modulation and all relays are located at the center of the link
between the source and the destination. It is obvious that increasing number of relays reduces
the BER, compare with direct transmission, without using a relay, for SNR = 10 dB the BER
is reduced to 7.7 x 107 with two relays in the center, from the corresponding value 8x 10
which obtained without employing any relays. Also, type of the modulation (4QAM
modulation) is known of its requirement for high SNR to achieve small BER in direct
transmission, without relays. Using relay in the system amount of the SNR is reduced, hence
the power of the transmitting signal will be lessened. For example, SNR is 20 dB to achieve

BER = 107 in direct transmission will reduce to 2 dB in case using two relays to achieve the



same BER. Fig.2 and Fig. 3 illustrate the BER for three relays when all located close to the
source and close to the destination with a = 4, respectively. Using 4QAM modulation with
AF relay will require an extra SNR to maintain the same BER but in all cases using relays
always better than direct transmission. For instance, BER = 107 can be achieved at SNR ~ 12
dB when single relay close to the source and SNR = 15 dB when single relay close to the
destination. On the other hand, increasing number of relays will reduce the required SNR, for
example, the same BER (107) can be geten at SNR = 7 dB when two relays close to the source
and SNR = 8 dB when two relays close to the destination. However, comparing the results in
Figs.2 and 3 with that in Fig.1 reveals that the best location is at the center of the link between
the source to the destination. The worst performance is when the place of the relay close to

the destination with using 4QAM modulation.
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Fig.1. BER versus the SNR for three cases with direct link: using a single relay in red, using two

relays in blue, and using three relays in black when all are located at the center.
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Fig.2. BER versus the SNR for three cases with direct link: using a single relay in red, using two
relays in blue, and using three relays in black when all are located close to the source.
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Fig.3. BER versus the SNR for three cases with direct link: using a single relay in red, using
two relays in blue, and using three relays in black when all are located close to the destination.

To study effect of different propagation environment on BER, path loss exponent with
different values will considered as a function of distance. Table 1 presents the results for three
relays when the first, second and third relay are placed at the center with different SNR.
Increasing the number of relays generally decreases the BER and further it decreases more
when the relay is located at the center. The reason behind the reduction in BER is that path
loss is function to distance and since placing relays will split the distance between source and
the destination (ds¢) into smaller distances. The BER in Eq.10 is function to d~¢ from y4, will

associate with inverse relationships with a.

Table 1. The BER for three relays when ds2 = 0.5 at different SNR

a SNR=2dB SNR=4dB  SNR =6dB
3 9x1073 2x1073 4x10*
4 2x1073 3x10 7x1073
5 6310 6x107 1x107

4. CONCLUSION
In this paper, BER of 4QAM for multiple AF relays in term of location between the source -
destination with the direct link is investigated. Comparison between direct transmission and
with using multiple relays in different locations the simulation results show that the best
performance with lowest BER value may be obtained when relays are placed at the center of

the link between the source and the destination. It also studies effects of the path loss for



different propagation environment with three relays. The results show that the propagation
environment has an effect on BER in which higher path loss exponent (i.e., harsh propagation
environment) results in low BER if the relay exist in the system. When the signals propagate
in NLOS environment with a is 5 and number of relays in the system are three, the lowest

BER is 1x 107 and decreasing more with increasing SNR.
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