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ABSTRACT

This paper present the performance analysis of two-hop
relayed transmission over asymmetric Rayleigh and Rician
fading environment. In many scenarios the commonly
assumed symmetry in relay channels is unrealistic. Therefore
this paper used asymmetric fading condition where the link
experience unequal signal strength. Closed form expression
for Outage Probability and Average Bit Error Probability are
derived to study the performance of the system and also
illustrate the positive impact of the Rician parameter on the
system performance.
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1. INTRODUCTION

Relaying technique is used for extending the coverage area
(possibly shadowed) in wireless environments. Consider a
communication system in which two terminals are
communicating via a third terminal that acts as a relay. Relay
is the repeater, node or channel that inter connects the source
(transmitter) and destination (receiver), through which they
can receive and transmit information from source to
destination, when the direct link between the source and
destination is in deep fade, so the signals to the destination
propagate through two or more hops or links in series [1].
Relay is used to boost and resend a signal to the next terminal.
Relay transmission has been identified as one of the core
technologies that could enable high speed information transfer
over challenging wireless environment [2]. Relay has made a
major part in mobile communication and wireless broadband
access. This scenario was encountered originally in bent-pipe
satellites where the primary function of the spacecraft is to
relay the uplink carrier into a downlink [3]. It is also common
in various fixed microwave links by enabling greater coverage
without the need of large power at the transmitter. More
recently, this concept has gained new actuality in
collaborative/cooperative wireless communication systems.
Few statistical models are used to describe fading in wireless
environments in communication system analysis. The most
frequently used distributions are Rayleigh, Rician, Nakagami-
m, Nakagami-q and Wiebull.
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Two-hop transmission system can be classified into two main
categories, depending on the nature and complexity of the
relays, 1) Regenerative relay systems and 2) Non-regenerative
relay systems. In the case of regenerative also known as
decode-and-forward systems, the relay fully decodes the
signal that went through the first hop and retransmits the
decoded version into the second hop. Non regenerative also
known as amplify-and-forward systems use less complex
relays that just amplify and forward the incoming signal
without performing any sort of decoding.

Relay in non-regenerative systems can in their turn be
classified into two sub categories blind relay and channel state
information (CSI) assisted relay. In reference paper [4],
systems with ‘blind’ relay employ at the relay amplifiers with
fixed gain and consequently result in a signal with variable
power at the relay output. On the other hand, non-regenerative
systems with CSl-assisted relay use instantaneous CSI if the
first hop to control the gain introduce by the relay and as
result fix the power of the retransmitted signal.

We can divide the prior related research into two main
categories. The first category deals with the performance
analysis over the symmetric fading channels for the relay
networks (two-way, dual-hop, multi-hop, and multi-cast) [3,
5]. The second category deals with the performance of relay
networks over asymmetric fading channels [6, 7]. In
asymmetric fading each link in relay network may have
different fading channel.

In this paper we have considered source-relay and relay-
destination channel that experience Rayleigh and Rician
fading respectively. Rician fading is used for Line of sight
path and Rayleigh fading is used where there are many objects
in the environment that scatter the radio signal and create
multipath fading, and also closed form expression for
statistics of received signal to noise ratio (SNR) is analyzed.
We basically analyze results with the help of PDF and CDF of
destination SNR and then derive various performance
measures to study the positive impact of the Rician factor on
the system performance. It is also shown that best
performance may be achieved when fading parameter (K) is
increasing. We derived exact expression of average bit error
probability for QPSK and BPSK modulation schemes and also
outage probability is derived in order to investigate effect of
fading factor.
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The organization of the paper is as follows. Section 2
describes the system and channel model. The expressions for
the outage probability and average bit error probability are
derived in section 3. Section 4 discusses the numerical results.
Finally, conclusion is given in section 5.

2. SYSTEM AND CHANNEL MODEL

We consider a two hop transmission system shown in figure 1
where the communication from the source S to the destination
D via a relay R takes place in two time slots. In the first time
slot, S is transmitting a signal s(t) to R which has an average
power of P;. The received signal at terminal R can be written
as,

R, (t) = hggs(t) +ny(t) 1)

where hgris the fading amplitude of the channel between S
and R, and ny(t) is an additive white Gaussian noise
(AWGN) signal with a power of Nj .

In the second time slot, R amplifies the received signal by a
gain factor G and forwards the resultant signal to D which has
an average power of P,. The received signal at terminal D can
be written as,

Rp(t) = hRDG(hSRS(t) +ny (t)) +n,(t) 2

where hgp is the fading amplitude of the channel between
terminal R and D, and n,(t) is an additive white Gaussian
noise (AWGN) signal with a power of N, .

The instantaneous end-to-end SNR y,, at the destination can
be written as [8],

_ (:—;)|h5R|Z(:—z)|hRD|Z
P () o

G2Ng

It is clear from equation (3) that the choice of the relay gain
defines the equivalent end-to-end SNR of the two hops. If G is
selected according to the instantaneous CSI assisted relay gain
[3], then y,, can be re-expressed as
_  "nY2
Yeq = Tityate 4
P. P.

where y; = |hgg|? (N—z) and y, = |hgp|? (N—i) are the per hop
SNRs. In addition, exact y., is given by substituting ¢ = 1,
and well approximated at high SNR by substituting ¢ = 0.

Rayleigh Rician
fading fading

Fig.1: Asymmetric fading channel model

Consider an asymmetric scenario for the fading distributions
of the S—R and R-D links, namely The S—R link is subject
to Rayleigh fading and the R—D link is subject to Rician
fading. The proposed model in [3] represent either an up or
down link in a mobile communication network. In the first
case a mobile station acts as S, another mobile station as R
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and a base station as D. Note that due to the symmetry of y,
w.r.t to y; and y,, the statistics of y,, will be identical in the
down link where the S — R link is subject to Rayleigh fading
and the R — D link is subject to Rician fading.

In first time slot if the S is working like a mobile station and
the relay work as mobile link , mobile station and mobile link
having multiple path so source relay link experiences
Rayleigh fading, 7y, is exponentially distributed with
probability density function (PDF) given by [9],

P, () =~exp (- 1) (5)

where 7, = E {IhSRI2 (%)} is the average per hop SNR of the
0
S —R channel and E{ .} is the statistical expectation.

Now in second time slot Destination work as a Base Station
and Relay Station work as mobile link, so relay destination
link experiences Rician fading It is used to model a
propagation path that consists of one strong direct Line of
sight (LOS) component and many other weaker non Line of
sight (LOS) components. Rician fading parameter K is
measure of severity of fading and SNR of second hop y, is
distributed according to a noncentral-y2 distribution given by

_ (K+1) K+ K(K+1)y
Pr(n) = S exp (—k - E2F )Io(z R ) ©)

where K is the Rician factor defined as the ratio of the powers
of the LoS component to the scattered components, and

V2 =E {IhRDI2 (%)} is the average per hop SNR of the R—D
0

channel and I,(.) is the zeroth order modified Bessel function
of the first kind [10]. We include Rayleigh fading (when K =
0) and AWGN (when K = o), as special case of no fading.

3. PERFORMANCE ANALYSIS
3.1 Average Signal to Noise Ratio

Probably the most common and well understood performance
measure characteristic of a digital communication system is
signal-to-noise ratio (SNR). Most often this is measured at the
output of the receiver [9],and is thus directly related to the
data detection process itself. the several possible performance
measures that exist, it is typically the easiest to evaluate and
most often serves as an excellent indicator of the overall
fidelity of the system. While traditionally the term “noise” in
signal to noise ratio refers to the ever-present thermal noise at
the input to the receiver, in the context of a communication
system subject to fading impairment, the more appropriate
performance measure is average SNR, where the term
“average” refers to statistical averaging over the probability
distribution of the fading. In simple mathematical terms, if y
denotes the instantaneous SNR at the receiver output that
includes the effect of fading, then

7= yp, ) dy (7

is the average SNR, where p,(y) denotes the probability
density function (PDF) of y .

3.2 Outage Probability

Outage Probability is an important performance measure that
is commonly used to characterize a wireless communication
system. It is defined as the probability that the instantaneous
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end-to-end SNR falls below a predefined threshold y,,[9].
Therefore mathematically, the outage probability is

Poue = iy, (1) = P[22 < v, ®)
where ., (Yen) is the CDF of the end-to-end SNR. After

applying some algebraic manipulations K., (Yen) can be re-
expressed as,

B Q) =1~ f Gy, (}’th + M) Dy, Yen + W) dw

9)
where ch(') = 1'FYi(') is the complementary CDF of y;. We
obtained F, _ (7,,,) by substituting equation (5) and (6) in (9),
which can be written as,

K+1) _ 1, (kK+1)
qu(Ych)=1—( = ) K<Y V2 )ythx
€ 2
_ven?torn  (K+Dw
[ T <z w) dw (10)
2

Where I,(.) is the zeroth order modified Bessel function of
the first [10, Eq. (8.447.1)]. and by applying the integral result
of [10, Eq. (3.471.9)] equation (10) can be solved. Finally the
outage probability can be expressed in the form of

Pout

2n-m+1
. (K + 1) 2
y —
th YZ
m+1

T e\ 2 K+1) (v +er)
( = ) meH(z/ — (11)

where K., is modified Bessel function of the second kind
[10, Eq. (8.446)] and t = &N

112

0

R x

n=0 m=0

Several recent papers have approximated y,, using an upper
bound y,, given by

Yp = min(yy,¥2) (12)

Therefore, a closed form lower bound which become tight for
high signal-to-noise ratios to equation (11) can be given by

Pour = B[min(yy,v2) < Venl

=1- Cyl (Vth)cyz en)
-y
Poe=1-e /7 Q(\/ZK , %) (13)
2

where Q( ., .) is the first-order Marcum Q-function [9].

3.3 Average Bit Error Probability

It is the one that is most revealing about the nature of the
system behavior and the one most often illustrated in
documents containing system performance evaluations; thus,
it is of primary interest to have a method for its evaluation that
reduces the degree of difficulty as much as possible. The
primary reason for the difficulty in evaluating average bit
error probability lies in the fact that the conditional (on the
fading) bit error probability (BEP) is, in general, a nonlinear
function of the instantaneous SNR, as the nature of the
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nonlinearity is a function of the modulation/detection scheme
employed by the system[11].

Traditionally, the ABEP is computed by determining the PDF
of ye and then averaging the conditional BEP in AWGN,
P,(e/y), over this PDF. Therefore, the average probability is
defined as [9],

P(&) = f; o (5) by, ()Y (14)

Assume Conditional Probability is represented by Gaussian
Q-function, i.e. P,(®/y) = Q(/By), where B is constant and
Q(x) is Gaussian Q-function. It is trivial to extend the
following error performance derivations to well-known
modulation schemes employed in communication systems
such as BPSK (B = 2) and QPSK (B = 1).

In order to compute the ABEP of equation (14) by putting the
Gaussian-Q function, then ABEP can be written as,

Ro(e) = 7= i By, (5) 2 (15)

Now employing equation (13) in equation (15). The ABEP
can be expressed as

ABEP = Py(e) =

2+1
i—%f;e B (x/—zx /2““‘ )dt (16)

By using [12, Eg. (6.621.3)], ABEP can be expressed in
closed-form and is given by (17),

peee=t 120 £ ) JE(1 ) )+

1 _g 2 Ks
(14 )™ o () @
(1+K)y1
where v =1 1+—A & §s=—777~"—
/ S a+P"/ )7

4. NUMERICAL RESULTS

In this section, we present some numerical results to verify
our analysis. Using MATLAB we plot the performance curves
in terms of Outage Probability and Average Bit Error
Probability, versus the Average SNR.
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Fig. 2: Outage probability for various K factor with
Y1i=72
Fig. 2 shows the outage probability plot versus average SNR,
for two different values of K Rician factors and threshold
SNR(T). The analytical curves are from equation (11) using
only 20 summations (n =0, . . ., 20), Furthermore, we see

27



that the lower bound analytical curves from (13) converge at
high SNR to the exact outage probability curves, as expected,
the Outage Probability is decreased with the high value of
SNR.
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Fig. 3: ABEP versus average SNR (dB) for QPSK
modulation scheme withy; =7,
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Fig. 4: ABEP versus average SNR (dB) for BPSK

modulation scheme withyy =7,

Fig. 3 and Fig. 4 shows the ABEP plot versus Average SNR
per Hop y; = ¥z, for various K Rician factors using QPSK
and BPSK modulation schemes respectively. These results
are obtained from the formula given in (17).We can derive
similar conclusions that increasing the value of Rician fading
parameter K lead to providing better performances of relay
transmitting system, because ABEP then tends to smaller
values.We observed from the plots, the system performance is
better for BPSK modualtion scheme as compare to QPSK
modulation scheme.

It can be seen from the table | that for 20 dB SNR, The
average bit error probability is decreases with increase in the
value of K and system gives better performance for BPSK
modulation scheme.
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Table 1. ABEP for QPSK and BPSK Modulation Scheme

at Fixed SNR
SNR | Rician fading | Average Bit Error Probability
in parameter
(@dB) | (K)indB QPSK BPSK
20 0dB 0.008496 0.004926
20 9dB 0.004961 0.002494

5. CONCLUSION

In this paper, we analyzed the system performance of Two
Hop Relayed transmission in asymmetric Rayleigh and Rician
fading environment. Asymmetric fading scenarios are used on
those places where link having unequal signal strength.
Closed form expressions of Outage probability and the
Average bit error probability for QPSK and BPSK modulation
schemes are derived to predict the performance of the
proposed system. It is clear from the numerical results that for
higher values of K, better performance is achieved. Also the
system gives better results for BPSK modulation scheme.
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