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Abstract
This study investigated the performance of a multi-relay system with the implementation of the Orthogonal
Frequency division multiplexing technique using Amplify-and-Forward (AF) and Decode-and-Forward
(AF) relaying protocols. The main reason to use Orthogonal Frequency Division Multiplexing (OFDM) is
to increase the robustness against selective fading or narrowband interference. The proposed model using
AF protocol at cognitive relays and subchannel scheme were implemented and results were validated by
MATLAB simulation. The significantly lower error floor of the proposed power allocation scheme clearly
shows its performance improvement over the Conventional Differential Detection (CDD) scheme.
Although the existence of the error floor is inevitable in both detection approaches, the proposed power
allocation scheme with the proposed weights outperformed the CDD scheme and it performed closer to the
theoretical results using the optimum weights. As expected, the theoretical Bit Error Rate (BER) plots
corresponding to the optimum combining weights gave lower bounds for the actual performance.
However, comparing the result of the improved model with theoretical values and other models from
literature showed a reasonable agreement with the theoretical value than the other models. Therefore, this
study proposes an allocation scheme that maximizes the energy efficiency of the system while making use
only of average statistics of the signal and interference and the number of antennas that are available at
the receiver side.
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1. Introduction
The scarcity of spectrum in wireless
communications is primarily caused by the static
license spectrum policy rather than physical
shortage (Shi et al., 2012). This has led to poor
spectrum utilization efficiency of the radio network
(Tachwali et al., 2010). However, a novel
approach, known as cognitive radio network (CRN)
was introduced (Mitran et al., 2008) to improve
radio spectrum utilization efficiency but has been
limited to self-interference among Cognitive Radio
(CR) users (Reyes et al., 2015). Whereas many
practical limitations such as imperfect spectrum
sensing, limited transmission power, etc. exist in
CRN (Mitran et al., 2010). Another issue
encountered by the CRN network is the problem of
data corruption, low data rate and poor system
capacity (Behera and Seth, 2015). Although, in
recent times there has been an extensive amount of
research in this area of cognitive radio networks.
Ranging from protocol design, relaying schemes to

coding and application aspects, the research area of
wireless communication networks is very broad,
and each aspect can also be further sub-categorized
due to its diverse content (Xie et al., 2012). To
make this section concise and focused, it would be
streamlined to power allocation and relay selection
under resource allocation and sub-channel
allocation. The resource allocation problem for
OFDM-based networks without relays has been
extensively investigated in works of literature.
However, the existing open literature on the
problem of resource allocation in cooperative
networks can be classified into two main groups
(Doyle, 2009). The first group is the allocation of
individual resources which are streamlined to relay
selection or power allocation, while the second
group emphasizes the joint allocation of more than
one resource. In Pan et al. (2009), three different
schemes consisting of signal-to-noise ratio (SNR)
based Allocation, Power minimization-based
allocation and throughput maximization-based

Uniport Journal of Engineering & Scientific Research Vol. 6, Issue 1, 2021

Page 35

Performance Analysis of Improved Power Allocation Model in Cognitive Radio Networks

allocation were investigated with the view of power
allocation in multi-user relay networks.
The Amplify-and-Forward (AF) relaying
protocol has been the focus of most studies because
of its simplicity in the relay’s function. For
convenience, the overall channel of source-relaydestination is called the cascaded, the equivalent or
double-Rayleigh channel. Similarly, to avoid
channel estimation at the relays and destination,
differential AF (D-AF) scheme was considered in
(He et al., 2016) which only needs the second-order
statistics of the channels at the relays. However,
most of the previous works assume a slow-fading
situation in their methodology and show that the
performance of D-AF is abound 3 to 4 dB less
efficient than the performance of its coherent
version. For future reference, the scheme can be
referred to as “conventional differential detection”
(CDD) method. Thus, the typical assumption made
in the development of conventional differential
detection, namely the approximate equality of two
consecutive channel uses, is violated. The channel
models consider (1) When the source is moving but
the relays and the destination are fixed, the SD and
all SR channels become time varying. (2) When
both the source and the destination are moving, but
the relays are fixed, all the SR and RD channels
become time-varying and again follow the fixed-tomobile scattering model.
In this paper, the performance of D-AF for a
multi-relay network in fast time-varying Rayleigh
fading channels was studied. The detection scheme
developed for such fast time-varying channels is
known as “time-varying differential detection”.
The channels from the source to the relays (SR
channels), the source to the destination (SD
channel) and from the relays to the destination (RD
channels) are changing continuously.

where
𝛼0 = 𝐽0 (2𝜋𝑓𝑠𝑑 𝑛) ≤ 1 is the auto-correlation of SD
channel and 𝑒𝑜 [k] ~ 𝐶𝑁(0,1) is independent of
ℎ𝑜 [K-1]
For RiD channel. The AR(1) model is
ℎ𝑟𝑖𝑑 [k] = 𝛼𝑟𝑖𝑑 ℎ𝑟𝑖𝑑 [𝑘 − 1] +
2
√1 − 𝛼𝑟𝑖𝑑
. 𝑒𝑟𝑖𝑑 [𝑘]

(2)

where 𝛼𝑟𝑖𝑑 =Jo(2𝜋𝑓𝑟𝑖𝑑 𝑛 ≤ 1 is the auto-correlation
of
RiD
channel
and
𝑒𝑟𝑖𝑑 [k]
~𝐶𝑁(0,1)𝑖𝑠 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 of ℎ𝑟𝑖𝑑 [𝑘 − 1]
Similarly, for the cascaded channel, multiplying (1)
by (2) yields:
hi[k] = 𝛼𝑖 hi[𝑘 − 1] + ∆𝑖 [k]

(3)

where 𝛼𝑖 = 𝛼𝑠𝑟 𝛼𝑟𝑖𝑑 ≤ 1 is the equivalent autocorrelation of the cascaded channel and
2
∆𝑖 [k] = 𝛼𝑠𝑟, √1 − 𝛼𝑟𝑖𝑑
. ℎ𝑠𝑟𝑖 [𝑘 − 1]𝑒𝑟𝑖𝑑 [k]
2
+ 𝛼𝑟𝑖𝑑 √1 − 𝛼𝑠𝑟

(4)

ℎ𝑟𝑖𝑑 [𝑘 − 1]𝑒𝑠𝑟, [k]
2 )(1 − 𝛼 2
+ √(1 − 𝛼𝑠𝑟
𝑟𝑖𝑑 ) 𝑒𝑠𝑟𝑖 , [k]𝑒𝑟𝑖𝑑 [k]

(5)

A cooperative network with multi-relay is
shown in Fig. 1 which contains a source that is
transmitting information to a destination through
cooperating relay. Here the cooperation scheme is
Amplifying and Forward (AF) relaying. The link is
independent and flat Rayleigh fading (Shoukath
and Sampath, 2016) as shown in Fig. 1.

2. Materials and methods
2.1 System model design
This study adopted the AF relaying protocols. In
this technique, relay station amplifies the received
signal and forwards it to the destination station. No
regeneration of the signal takes place. The noisy
signal is amplified and forwarded to the destination
without decoding or applying any other technique
(Tahseen et al., 2011; Swasdio et al., 2014). This is
why it is sometimes called non-regenerative
(transparent) relying protocol. However, the direct
link is modelled as follows:
ℎ𝑜 [𝑘] = 𝛼0 ℎ𝑜 [𝑘 − 1] + √1 − 𝛼02 . 𝑒0 [𝑘]

(1)

Fig. 1: System model for a multi-relaying protocol
(Shoukath and Sampath, 2016)
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In Fig. 1, S represents the source, R is the relay
while D is the destination. Basically, there are two
phases of operation. The source sends information
to the destination and the relay receives the
information from the source at the same time in the
first phase. The signals received at destination and
relay, 𝑦𝑠,𝑑 is given as (Jing and Jafarkhani, 2009):

𝑏𝑄𝐴𝑀 =

3
(𝑀 − 1)

(14)

Now, let the random variable Z and MGF be
expressed according to Khoa et al. (2009):
∞

𝑀𝑍 (𝑠) = ∫ exp(−𝑠𝑧) 𝑃𝑍 (𝑧)𝑑𝑧

(15)

−∞

𝑦𝑠,𝑑 = √𝑃𝑠 . ℎ𝑠,𝑑 . 𝑥(𝑛) + 𝑧𝑠 . 𝑟𝑖 (𝑛)

(6)

𝑦𝑠, 𝑟𝑖 = √𝑃𝑠 . ℎ𝑠, 𝑟𝑖 . 𝑥(𝑛) + 𝑧𝑠 . 𝑟𝑖 (𝑛)

(7)

where 𝑥(𝑛) is the information transmitted from the
source, 𝑃𝑠 is the source power. The channel
coefficients are given as:
ℎ𝑠,𝑑 = 𝑑𝑠,𝑑 . 𝑎𝑠,𝑑 (𝑛)

(8)

ℎ𝑠, 𝑟𝑖 = 𝑑𝑠, 𝑟𝑖 . 𝑎𝑠, 𝑟𝑖 (𝑛)

(9)

where, 𝑎𝑠,𝑑 (𝑛) 𝑎𝑛𝑑 𝑎𝑠, 𝑟𝑖 (𝑛) are the random
variables
with
variances
given
as;
2
2
𝛿𝑠,𝑑 , 𝛿𝑟𝑖,𝑑 , 𝑧𝑠,𝑑 (𝑛), 𝑧𝑠,𝑟𝑖 (𝑛) are the AWGN noises.
𝑑𝑠,𝑑 , 𝑑𝑠, 𝑟𝑖 are the distance from the source (S) to
the destination (D) and the relay nodes as shown in
Fig. 1.
However, the symbol error rate (SER) on the
channel state information is given in Equation (10).
SER for M-PSK (bit error estimation) modulation
with instantaneous signal to noise ratio (SNR) 𝜑
with the CSI can be expressed as:
𝑃𝑆𝐾
𝑃𝐶𝑆𝐼
= ∅𝑃𝑆𝐾 . (𝜑)
(

≜

1
.∫
𝜋 0

𝑀−1).𝑛
)
𝑀

exp (−

𝑏𝑃𝑆𝐾 (𝜑)
) 𝑑𝜃
𝑠𝑖𝑛2 (𝜃)

Upon averaging the SER on Rayleigh fading
channel for M-PSK and M-QAM the SER can be
expressed as:
𝑃𝑆𝐸𝑅
(

≅∫

(𝑀−1).𝑛
)
𝑀

0

𝑁

𝑏𝑃𝑆𝐾
𝑏𝑃𝑆𝐾
𝜑. 𝑠 ( 2 ) ∏ 𝑀. 𝜑𝑖 ( 2 ) 𝑑𝜃 (16)
𝑠𝑖𝑛 𝜃
𝑠𝑖𝑛 𝜃
𝑖=1

However, the closed form of SER is very complex.
Hence, the asymptotic performance is evaluated by
using SER approximation. According to Liu et al.
(2009), at high SNR, it is assumed that all channel
links are available, and the variances are not equal
to zero, therefore, the M-QAM or M-PSK signals
can be approximated as:
𝑁

𝑔(𝑁)𝑁0 𝑁+1 1
1
1
𝑆𝐸𝑅 =
∏[ 2 +
] (17)
2
𝑁+1
𝑏
𝑃𝑠 𝛿𝑠,𝑟𝑖 𝑃𝑟𝑖 𝛿𝑟2𝑖,𝑑
𝑃𝑠 𝛿𝑠,𝑑
𝑖=1

Note, for M-PSK signals:
𝑏 = 𝑏𝑃𝑆𝐾

(18)
(𝑀−1)𝑛
𝑀

(10)

1
𝑔(𝑁) = ∫
𝜋 0

(19)

for M-QAM;

where,

𝜋
𝑏𝑃𝑆𝐾 = 𝑠𝑖𝑛2 ( )
𝑀

(11)

Therefore, the symbol error rate (SER) for MQAM modulation with instantaneous SNR 𝜑 with
the CSI is expressed as:

𝑏=

𝑏𝑄𝐴𝑀
2

while,

(20)
𝜋

4𝐶 2
𝑔(𝑁) =
∫ 𝑠𝑖𝑛2(𝑁+1) 𝜃𝑑𝜃
𝜋 0
𝜋

𝑄𝐴𝑀
𝑃𝐶𝑆𝐼
= ∅𝑄𝐴𝑀 (𝜑)

4𝐶 2 4
−
∫ 𝑠𝑖𝑛(𝑁+1) 𝜃𝑑𝜃
𝜋 0

≜ 4𝐶𝑄 (√𝑏𝑄𝐴𝑀 𝜑)
2

2

− 4𝐶 𝑄 (√𝑏𝑄𝐴𝑀 𝜑)

1
√𝑀

(21)

for M-PSK;
(12)

𝜋
𝑏 = 𝑠𝑖𝑛2 ( )
𝑀

where,
𝐶 =1−

𝑠𝑖𝑛2(𝑁−1) 𝜃𝑑𝜃

(22)
2𝜋

(13)

4𝜋

3(𝑀 − 1) sin ( 𝑀 ) sin ( 𝑀 )
𝑔(𝑁) =
+
−
8. (𝑀)
4𝜋
32𝜋
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𝜋

Signals received:
𝑦𝑠 , 𝑑 = √𝑃𝑠 . ℎ𝑠 . 𝑑. 𝑥(𝑛) + 𝑍𝑠 . 𝑟𝑖 (𝑛)

(24)

𝑦𝑠 , 𝑟𝑖 = √𝑃𝑠 . ℎ𝑠 . 𝑟𝑖 . 𝑥(𝑛) + 𝑍𝑠 . 𝑟𝑖 (𝑛)

(25)

where x(n) is the information transmitted from the
source, 𝑃𝑠 is the power source
ℎ𝑠 , 𝑑 = 𝑑𝑠 , 𝑑, 𝑎𝑠 , 𝑑(𝑛)

(26)

ℎ𝑠 , 𝑟𝑖 = 𝑑𝑠 , 𝑟𝑖 , 𝑎𝑠 , 𝑟𝑖 (𝑛)

(27)

4𝐶 2
∫ 𝑠𝑖𝑛2(𝑁+1) 𝜃𝑑𝜃
𝜋 0
4𝐶 2𝑁 + 1 2𝑁 − 1 (2𝑁 − 3) 1 𝜋
=
[
.
.
… . ] (32)
𝜋 2(𝑁 + 1) 2𝑁 (2𝑁 − 2) 2 2
Therefore, Equation 32 above becomes:
𝑔(𝑁) = 4𝐶 [

Now, applying the Walli’s Formula by using the
reduction method,
𝑔(𝑁)

For M-PSK
𝑔(𝑁) =

(𝑚−1)𝑛
𝑚

1
∫
𝜋 0

𝑠𝑖𝑛2(𝑁−1) 𝜃𝑑𝜃

(28)

𝑔(𝑁)
=

2𝑁 + 1 (2𝑁 − 1) (2𝑁 − 3) 1 1
= 4𝐶 [
.
.
… . ]
(2𝑁 − 2) 2 2
2(𝑁 + 1)
2𝑁
4𝐶 2 𝑠𝑖𝑛𝑁 𝜃𝑐𝑜𝑠𝜃
+
(
)
𝜋
𝑁+1
𝜋

4𝐶 2 𝑁
4
+
.
∫ 𝑠𝑖𝑛𝑁−1 𝜃𝑑𝜃
𝜋 𝑁+1 0

1
𝑠𝑖𝑛2(𝑁−1)−1 𝑐𝑜𝑠𝜃
[−
𝜋
2(𝑁 − 1)
(𝑚−1)𝑛
𝑚

2(𝑁 − 1) − 1
+
∫
2(𝑁 − 1) 0

𝑠𝑖𝑛2(𝑁−1)−2 𝜃𝑑𝜃]

(29)

𝑁

(35)

𝑖−𝑙

Now, the problem statement is to Minimize SER in
Equation (17). Such that:

1 2𝑁 − 3
𝑠𝑖𝑛2𝑁−3 𝜃𝑐𝑜𝑠𝜃
+ (
) [−
𝜋 2(𝑁 − 1
2(𝑁 − 2)
(𝑚−1)𝑛
𝑚

The tight approximation of SER for the M-PSK or
M-QAM signals as presented in Equation (17):
𝐵𝑁 2 1
1
1
𝑆𝐸𝑅 = 2
∏( 2 +
)
2
𝑏 𝑃𝑠 𝛿𝑠,𝑑
𝑃𝑠 𝛿𝑠,𝑟𝑖 𝑃𝑟𝑖 𝛿𝑟2𝑖 𝑑

𝑔(𝑁)
1 𝑠𝑖𝑛2𝑁−3 𝜃𝑐𝑜𝑠𝜃
= [−
]
𝜋
𝑠(𝑁 − 1)

2𝑁 − 3
+
∫
2(𝑁 − 2) 0

(34)

2.2 Problem statement

Therefore, g(N) becomes:

𝑃𝑠 = ∝ 𝑃
𝑃𝑟𝑖 = (1− ∝)𝑃; (𝑎 = 𝑝ower allocation factor)

𝑠𝑖𝑛2𝑁−6 𝜃𝑑𝜃]

For M-QAM
𝑔(𝑁)
𝜋
4𝐶 2
=
∫ 𝑠𝑖𝑛2(𝑁+1) 𝜃𝑑𝜃
𝜋 0
−

2𝑁 + 1 (2𝑁 − 1) (2𝑁 − 3) 1 1
.
.
… . ]
(2𝑁 − 2) 2 2
2(𝑁 + 1)
2𝑁
4𝐶 2 𝑠𝑖𝑛𝑁 𝜃𝑐𝑜𝑠𝜃
−
[−
𝜋
𝑁+1
𝜋
𝑁
4
(33)
+
∫ 𝑠𝑖𝑛𝑁−1 𝜃𝑑𝜃
𝑁+1 0

𝜋
4

4𝐶 2
∫ 𝑠𝑖𝑛(𝑁+1) 𝜃 𝑑𝜃
𝜋 0

Since 2(N+1) will always be even, then:

(30)

where, 0 <∝< 1
𝑃𝑠

𝑁

+ ∑ 𝑝𝑟𝑖 = 𝑃𝑡𝑜𝑡𝑎𝑙

(36)

𝑖−𝑖

In the case of multiple relays:
𝑃𝑠 + 𝑃𝑟
(31)
= 𝑃𝑡𝑜𝑡𝑎𝑙
Power Allocation Algorithm using Differential
Amplifying forward Relaying:
1. Assign values to M, Ns, N0
2. SNR scan,
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3. Total
power
in
the
network,
Ptot=10.^(Ptot_dB/10)
4. R is the number of Relays
5. Channel distance between two consecutive
channel users (PU and SU)
6. Computation of power allocation
7. CDD power allocation
P0_cdd=c0×Ptot
8. MPSK modulation
9. DPSK modulation;
10. QAM
11. S-D channel; hsd=flat_cos(Nd,fsd,ch_dis)
12. S-R and R-D channels
for k=1:R
hsr(k,:)=flat_cos(Nd,fsr,ch_dis)
hrd(k,:)=flat_cos(Nd,frd,ch_dis)
end
13. AWGN noise CN(0,N0)
14. Proposed power allocation calculation
y_sd=sqrt(P0(ind))×hsd.×s+z_sd
for k=1:R
end
15. SER
compute Pu and Ps
16. End
2.3 Simulation of System Model
A typical multi-node D-AF relay network is
simulated in different channel scenarios and for the
case that all nodes are mobile (Shalini, 2014).
Based on the normalized Doppler frequencies of
the channels, the scenario considered the SD and
SR channels are very fast and the RD channels are
fast fading. MATLAB version 2018a was used for
computer simulation and analysis of the result. The
system model using an amplify-and-forward
protocol was simulated by MATLAB. The system
model has a source, multi-relays, and destination.
First, the simulation is performed for the multirelay model (N=2, N=3, and N=4). The total
transmitted power Pt=1W and it was allocated to
source and relay power as Ps=0.5W, Pr=0.5W
each. Ps is the probability in detection of PU signal
and Pr is the probability of false alarm. The
simulation parameters are given in Table 1. In the
simulation scenario where the SD and SR channels
are very fast and the RD channels are fairly fast
fading, binary data is differently encoded for
DBPSK (M=2) or DQPSK (M=4 constellations.
Block-by-block transmission is conducted in all
scenarios. The amplification factor at the relay is
fixed to Ai to normalize the average relay power to
Pi. The power allocation among the source and
relays is such that Po =P/2 and Pi= P/(2R). where P
is the total power consumed in the network. Note

that, due to the way the variance of all AWGN
components and channel gains is normalized to
unity, the total power P also has the meaning of a
signal-to-noise ratio (SNR). At the destination, the
received signals are first combined with the
proposed weights so that the minimum Euclideandistance detection can then be carried out. The
simulation is run for various values of the total
power in the network. For comparison, the same
simulation process but with the combining weights
given in Equation (36) is repeated for the CDD
system.
Table 1: Simulation parameters
Parameters
Specification
Number of bits
103, 104, 105
Bits per symbol
2
Source (S)
1
Relays
2,3,4
Destination (D)
1
Channel
Rayleigh
Modulation
MPSK; M= 2, 4
QAM; N=4
Noise
N0=1, 2, 3
The simulation parameters were varied to test the
effect on the power allocation model. However, the
SER performance of AF based cooperative network
using multiple-relay, using equal power allocation
is described Fig. 1. Fig. 2 gives a BER performance
analysis for AF relaying using equal power
allocation and MPSK modulation. The result was
compared with theoretical results for QPSK
modulation with AWGN and Rayleigh fading
channels. The algorithm was implemented in
MATLAB 2018a to compute the power allocation
and subchannel model respectively, by comparing
the result with theoretical value and a model
developed from other method.
3. Results and discussion
3.1 System results and analysis
The simulation results corresponding to
theoretical BER values from Equation (35) were
plotted in two figures with dashed lines. As shown
in Fig. 2 – 9, the BER curves for both schemes
monotonically decrease with increasing P and are
consistent with the theoretical values. Since in this
scenario, all the channels are slow, the combining
weights are approximately equal in both CDD and
proposed system and the BER results are very close
to the theoretical values which are determined
using the optimum combining weights. In addition,
the error floor is very low. However, the
performance of the different power ratios is
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P
P
allocated to the (S) ( r⁄P ). For r⁄P = 0.3, as
obtained from the simulation results in MATLAB
program. It was observed that low power is
allocated to the S and high power is allocated to the
R. This is because the SNR in the S-to-D link
contains a weighting factor of (1+W) which is
higher than weighting factor (W) in the S-to-D link.
Therefore, high power is allocated to the R (no. of
relay) in order to maximize the total SNR. In
𝑃
addition, for 𝑟⁄𝑃 = 0.7, it is observed that high
power is allocated to the S and low power is
allocated to the R.
Here, M as shown in Table 1 is the MPSK
modulation in the power allocation model. From
Fig. 2, it is clear that the proposed model
simulation result achieves better performance
compared with theoretical BER for amplifying and
forward relaying scheme. The red dashed-dotted
line in the graph shows the simulation scenario (for
example, certain condition that the SD and SR
channels are fairly fast, while the RD channels are
fairly slow). The BER reduces as the MPSK
modulation value increases to 4 using 3 relays in
the relaying protocol. However, it shows that the
proposed model performs better when compared
with the theoretical values as shown in Fig. 3.
Here, 2 relays were chosen in the AF relaying
protocol, at MPSK modulation of 4. Still, the BER
tends to zero showing the validity of the proposed
model (Fig. 4).

Fig. 3: Bit error rate versus total power for 3 relays
at M=4, number of symbols, Ns =104 and noise
variance N0=1

Fig. 4: Bit error rate versus total power for 2 relays
at M=4, number of symbols, Ns =104 and noise
variance N0=1

Fig. 2: Bit error rate versus total power for 4 relays
at M=4, number of symbols, Ns =104 and noise
variance N0=1

Fig. 5: Bit error rate versus total power for 2 relays
at M=2, number of symbols, Ns =104 and noise
variance N0=1
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Fig. 6: Bit error rate versus total power for 1 relay
at M=2, number of symbols, Ns =104 and noise
variance N0=1

Fig. 9: Bit Error Rate versus total power for 4
relays, M=2, number of symbols, Ns =104 and
noise variance N0=1.

Fig. 7: Bit error rate versus total power for 2
relays, M=2, number of symbols, Ns =104 and
noise variance N0=1

3.2 Performance evaluation of the system
The performance of differential amplify-andforward (D-AF) relaying for multi-node wireless
communications over time-varying Rayleigh fading
channels was evaluated using a first-order
statistical property. A first-order auto-regressive
model is utilized to characterize the time-varying
nature of the channels. Based on the first-order
statistical properties of the wireless channels, a new
set of combining weights is proposed for signal
detection at the destination. Expression of pair-wise
error probability (PEP) is provided and used to
obtain the approximated total average bit error
probability (BER). It is shown that the performance
of the system is related to the auto-correlation of
the direct and cascaded channels and an irreducible
error floor exists at high signal-to-noise ratio
(SNR) (Filin et al., 2008). However, the statistical
properties of the proposed model are verified using
theory and Montecarlo simulation. Considering the
statistical properties of channel variations, new
weights for combining the received signals over
multiple channels are proposed. Specifically, the
pair-wise error probability (PEP) is obtained and
used to approximate the average bit error rate
(BER) using nearest neighbour approximation. It is
shown that an error floor exits at high signal-tonoise ratio (SNR) region. Such an error floor can
be approximately determined, and it is related to
the autocorrelation values of both the direct and the
cascaded channels.

Fig. 8: Bit error rate versus total power for 3
relays, M=2, number of symbols, Ns =104 and
noise variance N0=1

3.3 Error performance analysis
This section evaluates performance of the D-AF
system over time-varying fading channels. Instead,
performance of the proposed scheme based on the
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optimum combining weights is carried out and used
as a benchmark for the performance of the method
used for the proposed model. It is noted that such
an approach in performance analysis is also
adopted for the CDD scheme (Lang et al., 2016).
Again, it should be noted that the PEP and the error
floor expressions are obtained based on the
optimum combining weights and hence, as will be
observed in the simulation results, they give a
lower bound for the PEP and error floor of the
system using the proposed weights. The superior
performance of the proposed power allocation
scheme over the CDD scheme as shown in Fig. 2 –
9 comes with the price of requiring the channel
auto-correlations for determining the new
combining weights. The accurate determination of
these auto-correlations is important since it would
affect both the actual system performance and the
performance analysis. The significantly-lower error
floor of the proposed power allocation scheme
clearly shows its performance improvement over
the CDD scheme. Although the existence of the
error floor is inevitable in both detection
approaches, the proposed power allocation scheme
with the proposed weights always outperforms the
CDD scheme and it performs closer to the
theoretical results using the optimum weights. As
expected, the theoretical BER plots corresponding
to the optimum combining weights gave lower
bounds for the actual performance. Another
important observation is that the achieved diversity
is severely affected by the high fade rates of timevarying fading channels, although the multiple
fading channels are still independent for the power
allocation scheme.
4. Conclusions
In this study, the performance of an improved
power allocation scheme was analysed. Amplifying
forward multiple relaying method and DAF
methods were used to implement the proposed
algorithm in OFDM. However, the performance of
multi-node relay networks has been analysed when
differential M-PSK modulation along with the
amplify-and-forward strategy are used over fast
time-varying channels. The time-varying nature of
the channels was related to their auto-correlation
values. Using the auto-correlation values, the new
combining weights at the destination were
provided. The obtained error probability expression
serves as a lower bound of the actual BER. It was
shown that the error performance depends on the
fading rates of the direct and the cascaded
channels. For fast fading channels, a large fading
rate can lead to a severe degradation in the error

probability. It was also shown that there exists an
error floor at high SNR in time-varying channels
and such an error floor was determined in terms of
the channel auto-correlations. The analysis is
supported with simulation in different scenarios
and depicts that the proposed combining gains lead
to a better performance over that achieved with the
conventional combining weights. The main reason
to use OFDM is to increase the robustness against
the selective fading or narrowband interference. It
was observed that there is a reasonable agreement
with the theoretical value than the other model.
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