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Abstract - In this paper, I have derived closed form bit error rate (BER) probability for millimeter wave systems with 
Amplify-and-forward (AF) relay, where source-relay and relay-destination channels experience Nakagami-m fading. The 
bound for the BER are obtained using the moment generating function (MGF) approach by evaluating the MGF of the end-
to-end equivalent signal to noise ratio (SNR) of the millimeter wave system. Simulations results are shown for BPSK and 
QPSK modulation schemes. 
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I. INTRODUCTION 
 
Recently, millimeter wave (mm-wave) wireless 
systems as emerging as a promising technology for 
next generation cellular communication by providing 
high bandwidth and high data rate. Performance can 
be improved by by using larger number of antenna 
elements without increasing physical antenna area 
[3].Another way to improve data rate is by employing 
highly directional antennas and spatial multiplexing 
with additional antenna arrays [5] to achieve high 
data rates. Spatial multi-plexing is achieved provided 
transmitter and receiver antenna obey Rayleigh 
spacing criterion [1]. However for large ranges, it is 
not possible to satisfy Rayleigh criterion. Since 
millimeter wave signals travel solely by line of site 
(LoS), employing traditional multiple antenna arrays 
is also not effective. 
 
It is shown in [2] that employing amplify-and-
forward (AF) relays synthesis full rank channel 
matrix thereby making suit-able for spatial 
multiplexing. 
 
In this paper, I analyze the performance of AF 
relaying in millimeter wave systems. We focus on 
two-hop systems and study their end-to-end 
performance over independent, not necessarily 
identical, Nakagami-m fading channel.  
 
One of the important features of this type of fading, 
in addition to be the fading model used for LoS 
scenarios, is that the power of signal that is perturbed 
by Nakagami-m type fading is Gamma distributed. 
Non regenerative or amplify-and-forward relay is 
used which receives signal from the transmitter, 
amplifies the incoming signal by a predefined gain 
factor and forwards it without performing any sort of 
decoding to the receiver. The system performance 
measures considered in this work are the bit error rate 
(BER) over dual-hop transmission for QPSK and 
BPSK modulation schemes. 

The main contribution of this paper is to derive 
expressions for probability density function (PDF) 
and moment generat-ing function (MGF) of the 
harmonic mean of two gamma distributed variables, 
then to use these results to analyze the performance 
of systems with AF relaying over Nakagami-m fading 
channels. The analysis of the proposed model as-
sumes independent but non identically distributed 
Nakagami-m fading, where m is an integer, and 
derives the analytical expressions for the probability 
density function (PDF), and moment-generating 
function (MGF) of the received SNR. The paper is 
organized as follows. In section II, I review the 
system model and channel model under 
consideration. This section also presents the PDF and 
MGF statistics of gamma distributed RVs. 
Performance of the non regenerative relaying system 
is evaluated using these results in section III. Final 
conclusions are summarized in section IV. 
 
II. SYSTEM CONFIGURATION 
 
A. System Model 
 
Consider the system configuration shown in Fig. 1. 
The source terminal, Tx, transmits signal to 
destination terminal, Rx, via relay node,R. It is 
assumed that the transmitted signal from Tx node, has 
an average power normalized to one. For the desired 
network with transmitted signal s, which has unit 
average power, received signal at the relay node can 
be  
expressed as 

 
where h1 is the channel gain of source-relay hop, and 
n is an additive white Gaussian noise with power 
spectral density No. In non-regenerative (or AF) 
relaying system, received signal is subjected to 
amplification factor G at relay node before for-
warding it to destination. Hence signal received at 
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destination 
is 

 

 
Fig. 1.  Dual-hop system configuration 

 
where h2 is the channel gain of relay-receiver hop, 
and n is AWGN signal with power spectral density 
No. The relay gain 
G is given as 

 
Pr and Pt are the relay and the total power 
respectively. 
 
B. End-to-End SNR 
 

Assuming that the relaying gain equals (to keep the 
relay power within its constraints), it is 
straightforward to show that the end-to-end SNR can 
be written as 

 
In this equation, the instantaneous SNR of 1st and 
2nd are 

 Hence, 
end-to-end 
SNR is 

 
However due to the presence of noise component in 
AF gain, the mathematical complexity is increased, 
thereby making it difficult to obtain the PDF and the 
CDF expressions for receiver SNR. Thus neglect 
unity from denominator to circumvent a 
mathematically tractable format of PDF and CDF 
expression for end-to-end SNR. Hence the equivalent 
end-to-end SNR can 
be written as 

 

 
C. PDF and Moment Generating Function of end-to-
end SNR 
Assuming that the dual-hop system operates in 

Nakagami-m fading channel, the instantaneous SNR 
is gamma distributed. For our problem we need to 
find the statistics of the harmonic mean of two 
gamma distributed variables since the end-to-end 
SNR of these systems is related to the harmonic mean 
of the SNR of the two links. The Gamma distributed 
random variable 
X, with parameters   and  , has the PDF 
 

 
 

 

 
 
III. PERFORMANCE ANALYSIS 
 
Using MGF based approach [4], I find the closed 
form expressions for Bit error rate probability (BER) 
for M-ary PSK signals. Thus having the MGF of 

 in closed form, and using) the MGF-based 
approach for the performance evaluation of digital 
modulations over fading channels allows us to obtain 
the average bit-error rate for a wide variety of M-ary 
modulations. As a general case BER is given by 

 
For QPSK modulated signal, the BER is 
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Now by replacing s = 

1 
 

2sin2( ө) 
 

in (12) and substituting  in (13) we will get bit error 
this rate for QPSK. The closed 

 
Fig. 2.  Error performance for QPSK modulation under 

Nakagami-m fading 
 
form expression for BPSK modulated signal using the 
bound proposed in [8] is 

 
Now by substituting (12) in (14) we will get bit error 
rate for 
BPSK. 
 
CONCLUSION 
 
In this paper, end-to-end SNR for dual-hop millimeter 
wave wireless link with non-regenerative (AF) relay 
is evaluated using the well known inequality of 
harmonic mean of random variables. Using this 
bound, simple closed-form expressions were given 
for the moment generating function of end-to-end 
SNR under Nakagami-m fading environments. 
Moreover bit error rate (BER) probability was studied 
, for QPSK and BPSK modulation schemes using 
MGF approach. Simulations show the accuracy and 
the tightness of the proposed bounds. The analysis 
presented in this paper can be extended to other 
fading channel models and dual-hop multi relay 
system with relay selection 

 
Fig. 3.  Error performance for BPSK modulation under 

Nakagami-m fading 
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