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Abstract: In this paper the performance analysis of Mobile ad hoc networks (MANETs) is conducted for a 
differential QPSK (DQPSK) signals with post-detection equal gain combining (EGC) receiver operating over 
additive white Gaussian noise (AWGN) as well as for slow frequency nonselective η − µ fading channels, in 
which the diversity branches can have unequal signal-to-noise ratios (SNRs) as well as different severity pa-
rameters. The average bit error probability (ABEP) is evaluated using MGF-based approach. The average 
BER per multi-hop route of MANETs for this communication is studied. 
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Introduction 

Ad hoc networks consist of sets of transmitting and 

receiving nodes distributed randomly in space, 

having the responsibility to transmit, relay, and re-

ceive data packets without a centralized control. 

These networks have the advantage of avoiding the 

cost, installation and maintenance of network infra-

structure, being available to be rapidly deployed and 

reconfigured, and exhibiting great robustness owing 

to their distributed nature, node redundancy and 

lack of single points of failure. Naturally, these de-

sirable properties introduce many challenges in the 

design of such wireless networks, thus placing this 

field of study under extensive research for several 

decades. Recently, the nodes are very likely to be 

mobile which means that a new challenge appears. 

In MANETs, the network topology becomes time 

varying so the network design should guarantee that 

the route will continue to work after the link is bro-

ken. However, the analytical framework which is 

introduced for static nodes can be extended to cope 

with the node mobility. The evaluation of the system 

performance will be carried out for (Ferrari et al., 

2004): 

1- An ideal network-communication scenario without 

INI. 

2- A realistic network-communication scenario 

where the communication is affected by in-

ter-node-interference (INI). In the presence of INI, 

two MAC protocols are considered: 

a- Reserve-and-go (RESGO) MAC protocol, where 

the node after reserving a route to its destination, 

transmits without sensing the channel. In Ferrari 

and Tonguz (2003
a
), this protocol is called Aloha 

MAC protocol since it resembles the classical Aloha 

in terms of the independent activation of the route 

from the other nodes activity. However, there are 

significant differences make this MAC protocol dif-

ferent from the classical Aloha MAC protocol, which 

are multi-hop route reservation and no use of re-

transmission techniques. 

b- Reserve-listen-and-go (RESLIGO) MAC protocol, 

where the node after reserving a route to its desti-

nation, senses the channels before transmitting, 

once the channel is idle, the node can start trans-

mitting, if the source node finds that another route is 

active, it delays the activation of its reserved route. 

In Ferrari and Tonguz (2003
a
), this MAC protocol is 

called per-route carrier sense multiple access 

(PRCSMA) MAC protocol, for its resemblance with 

classical CSMA MAC protocol. In ad hoc wireless 

network with a number of nodes not extremely large 

and a high receiver sensitivity, we assume that 

every node can hear the other nodes in the network, 

using this MAC protocol results that at any time, 

there is only one active route in the network, which 

means that the interference between nodes is re-
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duced to zero, and the network performance is sim-

ilar to that in the ideal case. In this study, the analy-

sis is confined to the ideal and realistic-RESGO 

communication scenarios. The results correspond-

ing to the ideal case are valid when RESLIGO MAC 

protocol is considered (Ferrari and Tonguz, 2007), 

since the interference between nodes is reduced 

basically to zero. 

 

Network model and assumptions 

 
In this study, we will adopt a communication sce-
nario that is a hybrid of circuit switching and packet 
switching. In this scenario, a multi-hop communica-
tion route between the source node and the desti-
nation node is initially created through a route dis-
covery mechanism based on broadcast percolation 
(Ferrari and Tonguz, 2003

b
). The nodes through the 

created route are reserved for this transmission on-
ly, as in the circuit switching technique. Instead of 
transmitting data continuously as in pure circuit 
switching, the data is packetized with an average 
number of packets transmitted per unit time λ 
(pck/s). This will reduce the interference and allow-
ing the random access scheme without retransmis-
sion. The packet transmission is assumed to be 
Poisson distributed with parameter λ, then the av-
erage inter-arrival rate between two consecutive 
packets is 1/λ, the packet duration L/Rb (where L 
(b/pck) is the packet length and Rb (b/s) is the 
transmission data-rate) should be sufficiently small-
er than 1/λ, to get disjoint and non-overlap routes 
which means that the inter-route interference will be 
significantly reduced (Ferrari and Tonguz, 2003

a
). 

The characteristics of the adopted communication 
scenario can be summarized as follows (Ferrari et 
al., 2004) 

- The route creation phase will not be explicitly con-
sidered. We will assume that it is perfectly accom-
plished. 

- Peer-to-Peer multi-hop communication with non- 
overlap routes is considered, which means that no 
node can act as relay node in more than one route 
at the same time. 

- Each node has a fixed transmitted power Pt, and 
the routes are constituted with minimum length 
links. 

- The nodes have no buffers; if a node needs to 
communicate with other nodes, it must first reserve 
a multi-hop route then it can transmit. 

- At each node, the packet transmission/generation 
can be described by a Poisson process with pa-
rameter λ (pck/s). Each generated packet has a fix 

length of L bits. The condition λL ≤ Rb has to be 

satisfied in order that, the proposed communication 
scenario works properly. 

- Retransmission mechanism, such as automat-
ic-repeat-request (ARQ) is not allowed. This as-
sumption is valid for real-time applications, where 
the delay and the node battery power are very im-
portant. 

- It is assumed that there are N mobile nodes in the 
network of area A. The nodes are likely to move 
inside the area A and never leave, such as mobile 
phones and laptops in an airport terminal or univer-
sity campus (Ferrari and Tonguz, 2007). 

- All nodes always have packets available for 
transmission. Also, each relay node in a multi-hop 
route will have a lower probability of transmitting 
with respect to the source node, because of the 
presence of idle interval during which no packet is 
received from the preceding node. 

Network topology 
 
In order to describe Ad hoc networks, no specific 
assumption should be made regarding to the net-
work topology, where the nodes have to be randomly 
placed in the network. However, we will strict our 
analysis to an ad hoc network with regular square 
grid topology, to make the derivation tractable. We 
will also assume the nodes are static, and then the 
mobile nodes will be considered in the next section. 
We assume that N nodes are placed uniformly at the 
vertices of a square grid over a circular surface with 
area A; each node has four nearest neighbors as 
shown in Figure (1). From Figure (1), A ≈ (√N dlink 

)², where dlink is the link length which is the distance 
between any two neighboring nodes. Let’s define the 
node spectral density of the network as ρs = N/A, 
then dlink can be written as 
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Communication-theoretic preliminaries 

Average Number of Hops  

 

Since we consider multi-hop ad hoc networks, the 

average number of hops per route is an important 

parameter in order to evaluate the network perfor-

mance. Consider a multi-hop route with number of 

hops , such that , where is the 

maximum number of hops. Obviously,  is an in-

teger RV lies between (Ferrari et al., 2007, ), by 

assuming that the source node and the destination 

node lie at opposite ends of a diameter over circular 

surface, with large number of nodes in the network 

area A which implies that the deviation from the 

straight line is limited. Consequently,  can be 

expressed as Ferrari and Tonguz (2003
 a
) 

 
Figure 1. Square grid topology 

 

 
By assuming that  has any symmetric distribu-
tion, as uniform distribution which is given 

by , for , and zero 

otherwise. Hence is given by  

 

Average Bit Error Rate per Route 

 
By assuming that there is regeneration at each in-
termediate node (i.e., detection and possible error 
correction), also the resultant errors are not cor-
rected in the successive links and accumulate, the 
BER at the end of the nth link can be expressed as 

 

where  denotes the BER at the end of a 
single link, which is related to the link SNR 

( ) at the receiving node by a function de-
pends on the modulation format, channel coding 
scheme, and the fading channel model. In this pa-
per, we will consider η − µ fading channel with un-
coded transmission (Atiani, 2013). Hence, the av-
erage BER per route can be expressed as (Ferrari et 
al., 2003). 

 

where  is the average BER at the end of a 
single link. 

Signal-to-noise Ratio per Link 

 
Assuming that the transmitted signal is affected by 
free-space loss, then referring to Friis formula 
(Rappaport, 2002), the received power at the end of 
a single link Pr, can be expressed as (Ferrari and 
Tonguz, 2003

b
) 

 

where Pt is the transmitted power which is assumed 
to be common for all nodes. Gt and Gr are the 
transmitter and receiver antenna gains, respectively. 

 is the wavelength corresponding to the 

carrier frequency fc, c is the speed of light and  
is the loss factor. Although, we consider the scenario 

with free space propagation only, where  
, the analysis can be extended to the other propa-
gation scenarios characterized by stronger attenua-

tion, where  (Rappaport, 2002). 
We will consider two cases, based on the absence or 
presence of the interference between nodes (Ferrari 
and Tonguz, 2007). 
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Ideal Case 

In an ideal scenario, there is no INI, and the only 
affecting noise is the thermal noise, which is as-
sumed as an additive white Gaussian noise. Hence, 
the average link SNR (averaged with respect to 
fading) is given by 

 

where  denotes the expected value, 

 is the received energy per bit, and 

 is the thermal noise power spectral 

density, where F is the noise figure, and   

 is the Boltzmann’s constant, and T0 = 300 
K is the room temperature, α is the fading channel 

envelope and . This case can be prac-
tically holds in a network where different multi-hop 
routes does not interfere with each other, which can 
be obtained, for example, by using perfectly or-
thogonal spreading codes or disjoint frequency 
bands in active disjoint multi-hop routes. 

Realistic Case 

In this case the nodes interfere with each other, we 
will assume that the interfering signals can be 
treated as additive white noise which is independent 
from the thermal noise, and then the link SNR in the 
presence of INI can be written as (Ferrari and 
Tonguz, 2003

a
; Ferrari et al., 2004). 

 

where ζ is the spectral efficiency which is defined as 

. Assuming that , where M is 
the cardinality of the transmitted signal; this as-
sumption is valid for the considered modulation 
format (Ferrari et al., 2004). It is obvious from (8) that 
ζ acts as amplification factor; higher ζ means larger 
impact of the INI. 

Interference Power 

 
The interference power PINT depends on the net-
work topology and the specific MAC protocol. Since 
in the RESLIGO MAC protocol scenario, the inter-
ference power is approximately zero, and our anal-
ysis is limited to the RESGO MAC protocol scenario. 
In order to provide an expression for PINT for a reg-

ular square grid topology, we assume that the 
source node nd is placed at the center of the net-
work, and the nodes around it can be grouped in 
tiers of increasing order as shown in Figure (2) 
(Ferrari and Tonguz, 2007). Since the number of 
nodes in the network is finite, there exists a maxi-
mum tier order imax which depends on the number of 
nodes N. There are 8i nodes on the ith order tier, 
then 

 

 
Figure 2. Tiered structure of nodes in case of regular 
square-grid topology. 

Due to the particular shape of the network surface, 
not all tiers are fully filled with nodes. Also, by as-
suming that N is sufficiently large, equation (9) be-
comes 

 

To determine PINT, we need to know the probability 
that the interfering node is effectively transmitting, 
which is depends on the MAC protocol. This proba-
bility is used to weight the received power of the 
interfering node. However, the packet transmission 
at each node is a Poisson distributed with average 
packet transmission rate λ, such as 

 

The main features of RESGO MAC protocol, is that 
the source after reserving the multi-hop route to its 
destination, immediately starts to transmit without 
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sensing the channel. Also, this proposed MAC pro-
tocol does not use retransmission mechanisms to 
avoid collisions, so a bit level interference analysis is 
more accurate to guarantee the required QoS. We 
need to define the vulnerable interval of a generic 
node, which is the interval that any message trans-
mission from this node, starts within this interval will 
interfere with the considered bit in the message that 
is transmitted by the source. In the case with 
RESGO MAC protocol, the length of the vulnerable 
interval is Dpck = L/Rb, and does not depend on the 
specific bit position in the transmitted message. 
Thus, we will focus on the probability of a single bit in 
the transmitted signal, interferes with the transmis-
sion from the other nodes, which does not depends 
on either the particular bit in the transmitted mes-
sage or on the particular interfering node, so Ferrari 
and Tonguz (2007) 

 

Hence, PINT can be expressed as Tonguz and Fer-
rari (2006) 

 

where 

 

The quantity  depends on the network ge-
ometry. In Tonguz and Ferrari (2006), it is shown 
that the difference between various uniform topolo-
gies is negligible, since there is an excellent 
agreement between the exact BER per route and the 
approximated one for the considered network sce-
narios. However, for low traffic load λDpck << 1, then 
1 − exp(−λDpck) ≈ λDpck. Hence, equation (13) can 
be approximated as 

 

Direction-persistent (DP) mobility models 

Ad hoc networks have the ability to cope with mobil-
ity; the analytical framework introduced above for 
static nodes can be extended to include the mobile 
nodes, under constraint that the nodes movement is 
confined within the fixed network surface. The mo-
bility status of a node is described by two random 

processes: speed v and direction angle θ (with re-
spect to a horizontal axis). Many switching/routing 
strategies can be considered as Ferrari and Tonguz 
(2006): 

1- Opportunistic non-reservation-based switching 
(ONRBS), where the source node does not statically 
reserve intermediate relay nodes. Instead, the 
consecutive links are chosen opportunistically based 
on their lengths (i.e., consecutive links of length dlink 
= 1/√ρs are chosen). In other words, if two succes-
sive nodes move too far from each other, the starting 
node of this link will choose another node at average 
distance dlink. It is always assumed that all nodes are 
confined within the network surface of fixed area, 
and a node can always finds a neighboring node at 
distance dlink. Depending on the definition above, 
the network that using ONRBS strategy is not af-
fected by the nodes mobility. 

2- Reservation-based switching (RBS), where suc-
cessive hops of a multi-hop route are activated after 
they are discovered, and reserved regardless of their 
actual length due to mobility, even it is assumed that 
the initial setup of this multi-hop route is character-
ized by a sequence of hops of length dlink. Also, it is 
assumed that the mobility status of each node re-
mains constant until the entire packet being trans-
mitted, where an intermediate node cannot start 
forwarding the packet, before having received it 
completely. However, it is expected that ONRBS is 
more robust than RBS against mobility model. Var-
ious node mobility models have been proposed to 
describe node mobility in MANETs (Ghareeb and 
Abu Al-Hajja, 2008), which can be basically involved 
in the following two models Ferrari and Tonguz 
(2007): 

1- Direction-persistent (DP) mobility model; where 
the direction and speed of the movement of the two 
nodes at the end of the link are constant. 

2- Direction-non-persistent (DNP) mobility model, in 
this scenario the mobile node can change the 
movement during the packet transmission. Here, 
evaluating the performance of MANETs will be con-
fined on the DP mobility model; our analysis can be 
extended to consider the other model in a straight-
forward manner (Ferrari and Tonguz, 2007). How-
ever, the DP mobility model is also called the Ran-
dom Walk mobility model (Zonoozi and Dassa-
nayake, 1997). In this model, the speed of each 
mobile node is uniformly distributed between [0, 
vmax], also the direction is chosen uniformly from the 
interval [0, 2π]. The change in the distance between 
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the source node and the destination node is calcu-
lated and used to evaluate the network performance. 

Under assumption of DP mobility model, we con-
sider an intermediate link in a multi-hop route, where 
the two nodes are nA and nB, referring to the adopted 
mobility model, the two node have constant speeds 
and direction angles, which are (vA, θA) and (vB, θB), 
respectively, during the packet transmission. The 

initial link length is and the final link 

length is , and the packet transmission starts at t 
= ts and ends at t = te = ts + Dpck as shown in Figure 
(3). 

 

Figure 3. Link evolution during a packet transmission 
for DP mobility model. 

By using simple geometric considerations,  
can be expressed as Ferrari and Tonguz (2007) 

 

In order to evaluate the average network perfor-

mance, we need to compute the average link 

length , which is given by  

 

However, all equations that are obtained previously 

in static nodes scenario can be valid for mobile 

nodes, if  is replaced by . The major dif-

ference between the two scenarios is that for the 

mobile nodes,  is a RV whose realization de-

pends on the realization of (vA, θA) and (vB, θB). 

 

DP Mobility Model with ONRBS 

In this strategy, it is assumed that the successive 

links in the multi-hop route are independent of each 

other. In other words, the mobility status of a node 

during a packet transmission is independent of its 

mobility status during the packet transmission in the 

consecutive link. 

 

DP Mobility Model with RBS 

In Ferrari and Tonguz (2007), the reserved mul-

ti-hop route is described as a tube that bends due to 

the node mobility. However, this tube may be going 

to break and needs to be updated by the routing 

protocol. It is obvious that the higher the speed, the 

sooner that the tube is going to break. Equations 

(16) and (17) can be easily extended to the RBS 

case. For each link of the multi-hop route, we com-

pute the corresponding starting and final lengths, to 

obtain the average link length. In general, for the ith 

link between ni and ni+1 , which is activated at time 

instant t = t1+ (i − 1)Dpck for i = 1, 2, ..., , thus the 

starting, the final, and the arithmetic mean lengths 

are given respectively, as 
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However, it is assumed that the propagation time 
between two neighboring nodes is negligible com-
pared to the duration of a packet transmission. This 
assumption is valid in almost any practical ad hoc 
wireless networks (Ferrari and Tonguz, 2007). 

Numerical results 
 

Through this section, we will assume the following 
[5], Ghareeb and Abu Al-Hajja (2008): 

  is the speed of light  

  is the Boltzman’s 
constant 

 T0 = 300 K is the room temperature in Kelvin 

 fc = 2.4 GHz is the carrier frequency 

 fl =1 is the loss factor 

 Gt = Gr = 1 are the transmitter and receiver 
antenna gains, respectively (om-
ni-directional antennas) 

 F = 6 dB is the noise figure 

 Rb = 2 Mb/s is the transmission data-rate 

 N = 1000 is the number of nodes. 

However, all other parameters will be given on the 
figures and independent η − µ fading channels are 
considered (Atiani, 2013). Figure (4) studies the 
impact of mobility on the BER for DP model with 
RBS at fixed packet length (10

6
) bits, with ideal (no 

INI) case. It is obvious that the mobility degrades the 
system performance, since higher speed means 
that the distance between nodes increases. Hence, 
the average SNR per link decreases, and the end to 
end average BER per multi-hop route degrades. 
Also, at a fixed speed, an increase in ρs will improve 
the system performance, since the nodes become 
closer to each other. Figure (5) shows the impact of 

nodes velocities on the average BER per multihop 
route, using RESGO MAC protocol with DP mobility 
model and RBS at fixed packet length. Also, it is 
clear that the impact of node mobility becomes in-
significant at higher interference. In realistic sce-
nario with interference, the node mobility becomes 
irrelevant; the higher the interference between 
nodes, the lower the impact of the routing protocol. 
Namely, perfecting the routing protocol without 
eliminating the INI has no significant effect. De-
pending on Figure (6), we find that ONRBS is more 
robust against node mobility; each link is opportun-
istically activated and dynamically reserved, and the 
intermediate nodes do not move far away from each 
other. Figure (7) illustrates the effect of the traffic 
load and the packet length on the average BER per 
multi-hop route for MANETs, we find that increasing 
the packet length degrades the system perfor-
mance, which is expected. Increasing the packet 
length will increase the packet duration, which 
means that the interference power becomes higher. 
Also, as the packet duration increases, the distance 
that a node can move increases, then the average 
BER per multi-hop route degrades. Besides, when 
the traffic load (average packet transmission rate) 
increases, the interference power increases, and 
thus the BER becomes higher. Figure (8) shows 
that increasing the packet length degrades the BER 
and the effect is more obvious at higher maximum 
node velocity v max. For ideal case, increasing the 
vmax and/or packet length will increase the distance 
that the node moves during packet transmission, 
which degrades the average BER per multi-hop 
route. Figure (9) shows the average BER at the end 
of a multi-hop route versus ρs, for DQPSK signals 
with post-detection EGC and three independent η − 
µ fading channels at µ = 1.5 and η = 0.8, using DP 
mobility model with RBS. In this Figure, the impact 
of the packet length and node velocity is studied for 
realistic scenario with λ = 0.001 pck/s. As expected, 
for shorter packet length, the packet duration is 
shorter, the interference power is limited, and the 
distance that a node can move is smaller, therefore, 
the system performance improves, and the node 
mobility does not affect the BER significantly. On the 
other hand, at larger packet size, the interference 
power becomes significant and degrades the 
end-to-end BER. Figures (10-12) study the effect of 
the transmission data-rate on the average BER per 
multi-hop route for DP mobility model with ONRBS 
and RBS, using ideal and realistic cases. In Figure 
(10), we find that there is a threshold value for the 
node spatial density ρs, where above this value the 
network starts to work. Using ONRBS with ideal 
scenario, decreasing Rb will increase SNR, hence 
the average BER improves. Besides, we find that 
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increasing the number of nodes, the network suffers 
more BER. However, the effect of Rb on the aver-
age BER suing RBS is shown in Figures (11 and 
12). The effect of Rb in the case of RBS is not clear 
as in ONRBS, since ONRBS is very robust against 
node mobility. An increase in Rb reduces the packet 
duration, and the nodes do not move far away so 
the BER will be affected less by node mobility. Also, 
as Rb increases the thermal noise will increase and 
the interference power decreases. Therefore, we 
need to know which term is dominant. At higher ρs 
the interference power becomes dominant; hence 
the system performance improves when Rb in-
creases. However, we can not increase the da-
ta-rate arbitrarily in ad-hoc networks, since beyond 
a critical value the transport capacity decreases 
significantly (Ferrari and Tonguz, 2007). Figure (13) 
illustrates the effect of increasing number of nodes 
on the average BER at the end of a multi-hop route 
versus ρs, for DQPSK signals with post-detection 
EGC and three independent η − µ fading channels 
at µ = 1.5 and η = 0.8, in the case of DP mobility 
model with RBS, at Pt = 2 mW, vmax = 30 m/s and 
packet size = 10000 bits. As the number of nodes 
increases, the interference power increases and the 
end-to-end average BER degrades according to (5). 
Finally, the most important result we obtain about 
MANETs, is that designing an efficient MAC proto-
col that reduced the INI has a greater effect on the 
system performance than the routing strategy and 
the mobility level of the nodes. However, reducing 
the packet length is the best remedy to combat the 
deleterious effect of the node mobility. 
 

 
Figure 4. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC three independent η − µ fading 
channels at µ = 1.5 and η = 0.8, in the case of DP mo-
bility model with RBS. Ideal (no INI) case is consid-

ered, Pt = 0.23 uW and packet length =  bits. 

Figure 5. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with-
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with RBS. Realistic (with INI) case is 

considered, Pt = 0.23 uW and packet length= bits. 

 
Figure 6. The average BER at the end of a multi-hop 
route versus vmax, for DBPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with ONRBS, Pt = 2 mW and 

. 

 
Figure 7. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with RBS. Pt = 2 mW, vmax = 30 m/s. 
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Figure 8. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with RBS. Ideal (no INI) scenario is 
considered and Pt = 0.23 uW. 

 

Figure 9. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, using DP mobility 
model with RBS. Realistic scenario with λ = 0.001 
pck/s is considered and Pt = 0.23 uW.  

 

Figure 10. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with ONRBS. Ideal (no INI) case is 
considered, Pt=0.23 uW. 

 

Figure 11. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with RBS. Ideal (no INI) case is con-

sidered, Pt = 0.23 uW, packet length=  bits and v 
max = 20 m/s. 

 

Figure 12. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with RBS. Pt = 0.23 uW, packet length 

=  bits and vmax = 30 m/s. 

 
Figure 13. The average BER at the end of a multi-hop 
route versus ρs, for DQPSK signals with 
post-detection EGC and three independent η − µ fad-
ing channels at µ = 1.5 and η = 0.8, in the case of DP 
mobility model with RBS. Pt = 2 mW, vmax = 30 m/s and 
packet size = 10000 bits. 



Bit Error Rate Analysis of Mobile Ad Hoc Networks over η − µ Fading Channels 

Copyright © 2014 PTUK.                                                                              PTUKRJ 

34 

Conclusion 
 

The performance of MANETs is studied by evaluat-
ing the average BER per multi-hop route for DQPSK 
signals with post-detection EGC operating over in-
dependent η − µ fading channels. Numerical results 
have been introduced to explain the effect of mobil-
ity, number of nodes, packet length, INI, and traffic 
load. 

The effect of Rb in the case of RBS is not clear as in 
ONRBS, since ONRBS is very robust against node 
mobility. An increase in Rb reduces the packet du-
ration, and the nodes do not move far away so the 
BER will be affected less by node mobility. Also, as 
Rb increases the thermal noise will increase and the 
interference power decreases. Therefore, we need 
to know which term is dominant. At higher ρs the 
interference power becomes dominant; hence the 
system performance improves when Rb increases. 
However, we cannot increase the data-rate arbitrar-
ily in ad-hoc networks, since beyond a critical value 
the transport capacity decreases significantly. 

Finally, the switching/routing plays an important role 
in ad hoc wireless networks only if the MAC protocol 
is effective against the interference. If communica-
tions in the network are affected by significant in-
terference, then the choice of the switching scheme 
does not and cannot significantly improve the per-
formance. 
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