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Abstract— For transmitting data, usually more than one antenna is required at the transmitter. But many of the devices are 
restricted to use of a single antenna due to their size and availability of power. This has given rise to the urge of research on 
Cooperative Communication. It is a cooperative technique which provides diversity gains to minimize the attenuation of 
radio signals caused by fading and path loss. A virtual array of antennas is formed by sharing antenna nodes by which the 
reliability of the wireless transmission can be significantly improved. While cooperation among different nodes may produce 
a higher level of interference, they can degrade the overall performance of larger and dynamic networks with multiple 
concurrent transmissions, a non cooperation between the nodes in a situation of high interference performs better. The 
existing work makes use of decode-and-forward technique which is better than the amplify-and-forward technique being 
used previously. In this project, we implement filer-and-forward technique which not only increases the outage performance 
but also gives a higher SNR value and compare with the respective values produced by the existing technique. 
 
 
I.  INTRODUCTION 
 
Cooperative communications is a multiuser 
framework for wireless systems, which can utilize the 
coordination among participants to combat the severe 
impairments suffered by radio signals and there by 
provide higher quality of service and better 
communications experiences The general idea of 
cooperative communications can be traced back to 
the study of relay channel model by the information 
theory community in 1970s. Recently, Laneman et al. 
further investigate the problem in wireless 
environment and systematically outline the relay 
protocols as follows: decode and-forward, amplify-
and-forward, and adaptive ones .Besides, Hunter and 
Nosratinia also propose a relay protocol called code-
and-forward . It is generally believed that there is no 
single relaying protocol which always outperforms 
others in all cases. In practical communication 
systems, the problem becomes even more 
complicated as the number of users increases. 
There may be multiple sources, multiple relays, and 
multiple destinations involved. Fortunately, although 
the cooperative system has not been fully understood 
from the perspective of information theory, the 
benefits offered by cooperation among users to the 
whole system have been justified by a large amount 
of work from various perspective. Most of the 
literature focuses on a fixed network topology, which 
means that the locations of users are assumed exactly 
known a priori and keep unchanged. In practice, 
however, due to the distributed nature of the network 
and the mobility of users, their locations are usually 
dynamic. For example, in a cellular system the 
locations of subscribers are far from regular and 
change all the time. Therefore, user locations should 
be generally modeled as random variables when 
evaluating the performance metrics of wireless 
systems. In fact, as early as 1978, Musa and 
Wasylkiwskyj have used stochastic geometry to 
analyze the mutual interference among several 
randomly distributed users in a spread spectrum 
system. Recently, Zhang et al. investigate the 

downlink of a cellular system with randomly 
distributed antenna elements. 
Assuming all the links from the base station to the 
antenna elements to be dedicated and error-free, the 
outage probability is derived as the null probabilities 
of the point processes corresponding to the antenna 
elements and users. To the best of our knowledge, 
there is few, if any, work in the literature 
investigating the impacts of randomized locations of 
relays on system performance in general cooperative 
communication systems. In this paper, we investigate 
a filter-and-forward cooperative cellular system with 
spatial random relays. The underlying channel model 
takes into account not only large scale path loss but 
also shadowing and multipath fading, which is typical 
in mobile communications environment. A particular 
user communicates with the base station and other 
available users offer assistance acting as relays. 
 

 
 
Since cooperative communication usually involves 
multiple-node transmissions, it may generate 
additional spatial interference to other concurrent data 
transmissions in the network. The aggregate 
interference power can easily be strong and cause 
negative impact on the performance of the network. 
In other words, although each cooperative 
transmission has the potential to improve the 
reception quality of its destination, the overall 
performance taking into account the increased 
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interference level remains unclear. Therefore, it can 
be expected that the impact of cooperation on the 
performance of a network is complicated. 
The continuum approximation, which has been 
verified to be accurate, can provide insights for 
investigating the performance of dense wireless 
networks; however, the observations and results 
obtained from this approach are usually not 
applicable for sparse networks. On the other hand, 
emerging stochastic geometry tools provide an 
alternative way of thinking. Various aspects of non-
cooperative wireless networks have been 
investigated, cooperative communication systems 
with one source destination pair are investigated 
using stochastic geometry. Most of these works, 
however, assume that the network is interference-
free, which is clearly an idealized version of the 
problem. For interference-limited cooperative 
networks, optimal centralized algorithms and 
suboptimal distributed algorithms have been 
proposed to achieve excellent performance for 
different scenarios. The outage performance of a 
random wireless network for both non-cooperative 
and cooperative strategies is analyzed; and, based on 
the outage, the tradeoff between cooperative diversity 
and the additional interference is studied. The 
criterion for whether cooperation among potential 
relay nodes should be used or not is derived; and we 
show that a lower outage probability is achieved by 
the non-cooperative strategy if and only if the extra 
interference caused by the cooperation is larger than a 
threshold determined by the path loss exponent. If the 
network is crowded and there are a lot of interferers 
for any existing transmission, the extra interference 
due to cooperation degrades the performance. The 
rest of the paper is organized as follows. In Section II, 
the system models and key assumptions are 
introduced. A two-dimensional wireless network with 
randomly located nodes is considered. The 
cooperative strategy is chosen to be a decentralized 
space-time block coding (STBC) scheme called M-
group. We also assume that the sources are closely 
surrounded by several potential relay nodes. Section 
III provides the analysis of the outage probabilities 
for both the non-cooperative and cooperative 
strategies and discusses the proper strategies based on 
the analytical results. The asymptotic properties of 
the success probabilities are also presented to provide 
insights about whether cooperation is beneficial. In 
Section IV, simulation results are provided to verify 
the analysis. Finally, we conclude in Section V. 
 
II. SYSTEM MODELS 
 
We consider a wireless network where a large 
number of nodes are spread over an infinite area. The 
entire network is synchronized in time and frequency. 
We also assume that each node makes transmission 
decisions independently, i.e., a slotted ALOHA 
protocol is employed at the MAC layer. The active 

nodes are specified as sources, and their locations are 
typically dynamic due to their indiscriminate 
placement and the uncoordinated nature of the MAC 
protocol. 
 
A.  Non-Cooperative Strategy 
We first present a non-cooperative strategy where no 
cooperation among nodes exists. We will use this 
strategy as a baseline for comparison. Such a strategy 
has been investigated in the literature [28]–[32]. To 
model the dynamic nature of the network, the 
locations of the sources are assumed to be spatially 
random. Without any a priori knowledge of the 
distribution pattern of the sources, we assume that the 
sources form a homogeneous Poisson process Π with 
intensity λ on the plane [33]. The parameter λ 
characterizes how densely the sources are distributed 
and depends not only on the density of the nodes but 
also the statistics of the incoming data traffic. To 
measure the strength of a received signal, both large 
scale path loss and small-scale fading effects will be 
taken into account. Specifically, we use a power-law 
path loss and a Rayleigh fading model. The channels 
are assumed to be quasi-static, i.e., the channel state 
information does not change over one time slot. 
Suppose that the distance from a given source to its 
corresponding destination is d. Then, the 
instantaneous signal power contributed by a source at 
distance d can be expressed as PtG(d/d0)−α 
Where, Pt is the transmission power, G is an 
exponentially distributed random variable capturing 
the effects of Rayleigh fading, d0 is the reference 
distance and α is the path loss exponent. To simplify 
our analysis, we will assume d0 =1. It is highly likely 
that multiple sources may transmit concurrently, due 
to the uncoordinated nature of the ALOHA protocol. 
Therefore, the quality of reception at a destination 
will be severely affected by the spatial interference 
generated by other concurrent transmitting sources, 
or, other interferers. Without loss of generality, we 
suppose all sources use the same transmit power Pt. 
Let hi denote the channel from the ith interferer to a 
destination at location x, the received interference 
power at the destination can be formulated as  

 
where Gi characterizes the fading effects for the 
channel between the ith interferer and the destination, 
the xi’s are the locations of the interferers 
andrepresents the Euclidean distance. Since Π is a 
stationary process and covers an infinitely large area, 
the statistics of PI(x) are invariant to the actual 
location x. In what follows, we use a simplified 
notation PI to denote the interference. In this paper, 
the outage performance of the network will be 
investigated. For the sake of simplicity, we treat 
interference as noise and assume that a transmission 
is in outage if the received signal-to-interference-
plus-noise ratio (SINR) is less than a pre-specified 
threshold γth. In a non-cooperative network, the 
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received SINR at the destination is given by  

 
where PN is the noise power which is assumed to be 
the same for all links in the network. 
 
B.  Cooperative Strategy 
In order to investigate the overall impact of 
cooperation, the non-cooperative strategy needs to be 
extended. Specifically, we suppose that every source 
has a set of relays in its vicinity which can help the 
communication to its intended destination. Without 
loss of generality, a time-domain, two-phase, filter-
and-forward protocol is utilized for cooperation . That 
is, a time slot is divided into two phases: 
 
1) In Phase 1, each source broadcasts and the relays 
listen; 
2) In Phase 2, the relays that can filter the message 
then repack and forward it to the destination where 
the data is finaly retrieved. Since the entire network 
operates in a synchronous mode, all sources and 
relays start Phases I and II, respectively, at the same 
time. The direct link between a source and its 
intended destination is assumed to be extremely weak 
due to deep fading or shadowing, as is typically the 
case. Such a restriction can be easily relaxed and the 
analytical approach presented in this paper is 
applicable to those cases. As for the particular 
cooperation strategy, a decentralized space-time 
block coding (STBC) strategy called M-group is 
adopted to provide a minimum overhead 
implementation .With M-group, the relays in the 
vicinity of the source will independently and 
randomly divide themselves into M groups; each 
group then emulates one antenna of an M-antenna 
system. By applying a pre-specified STBC scheme, 
an M-order cooperative diversity gain can be 
obtained. The received signal power at the destination 
Ps is then determined by the particular STBC scheme, 
the number of groups M, and the number of relays. 
The interference model is more complicated than the 
non cooperative case because not only the sources but 
also the relays could interfere with each other. 
In Phase 1, the interference comes from other 
concurrent sources and affect the signal reception at 
the relays. In Phase 2, by contrast, the interference is 
generated by the relays of the other concurrent 
sources. To mitigate the interference, the exact 
statistics of the quantities and locations of both the 
sources and the relays would be indispensable. Such 
an approach would undoubtedly complicate or even 
hinder the derivation. Therefore, in this paper, instead 
of using more complicated mathematical tools to 
model the system , we make the following 
assumptions and assume a simple, yet effective, 
model to facilitate our analysis. 

1) In order to simplify the analysis, we 
assume that each vicinity is close to the 

corresponding source, and the geographical 
difference between the various relays in the same 
vicinity is negligible when viewed by a remote 
observer. Consequently, we can assert that the signals 
from the relays of a common source are 
indistinguishable to any destinations except the one 
associated with this source2. Although this is an 
idealized simplification, our simulation results will 
show that this assumption still provides a tight 
approximation for some realistic scenarios3.  

2) The number of relays K for a given source 
is assumed to follow a probability distribution Pr(K =  
k), k ∈K⊆ {0}∪Z+, which may be a uniform 
distribution (K is a finite set) or even a Poisson 
distribution, to name a few. Similarly, the number of 
relays Kv in every interfering vicinity is assumed to 
independently follow a common probability 
distribution Pr(Kv = kv), kv ∈K v ⊆{ 0}∪Z +. Note 
that by introducing the randomness of K and Kv, the 
effect of imperfect Phase 1 transmission is taken into 
consideration. These assumptions may be relaxed but 
at the cost of prohibitively complicating the 
derivation, and without providing additional insights. 
Similar to the non-cooperative case, we let all the 
sources and the relays use the same transmit power4 
Pt, and assume that the distance between any source 
and its destination is d. Consider a given source-
destination pair. The received interference power at 
location x in Phase 1  

 
is which has the same statistics as PI(x) given in (1). 
In Phase 2, the received interference power is given 
by  

 
where kv,i denotes the number of relays in the ith 
interfering vicinity, which can be a constant or a 
random number. 
Note that PI(1) (x) and PI(2) (x) can be denoted by PI(1) 
and PI(2) , respectively, since their statistics are 
invariant to x. Without loss of generality, we also can 
arbitrarily set up a coordinate system and place the 
destination at the origin5. The results obtained remain 
general because the considered system models are 
homogeneous and stationary. Thus, we let x = (0 ,0) 
and rewrite (3) and (4) as 

 
 
III. PERFORMANCE ANALYSIS 
 
In this section, we first discuss the outage probability 
for both non-cooperative and cooperative strategies, 
and then compare their outage performances for two 
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different scenarios: a fixed number of relays and a 
random number of relays. 
 
A.  Non-Cooperative Strategy 
The baseline strategy is considered, i.e., no 
cooperation is utilized. The outage probability for this 
strategy is defined by  

 
A closed-form expression for P out non has been 
derived in and is given by 

 
 
It can be seen that this component describes the 
margin between the threshold and the signal-to-
interference ratio (SIR). 
 
B.  Cooperative Strategy 
The received SINR at the destination is given by 

 
and the outage probability is 

 
 
C.  Filter and forward Relay Technique 
The filter-and-forward relay technique is given by 

 
Where 

 
 
IV. SIMULATION RESULTS 
 
In this section, simulation results are presented to 
verify the theoretical results. Insights into the 
performance and strategies of networks are also 
drawn. In order to approximate the infinitely large 
network of sources, a two-dimensional homogeneous 
Poisson process is used. All the interferers are 
randomly located in a large two-dimensional circle S 
with radius 105. The reference destination is located 
at the origin, and the corresponding source is located 
at (d,0). Since the distance d in our simulation setting 
is much less than 105, the approximation error due to 

finite S is negligible. 
 
A.  Existing Work 
 

 
 
The existing work makes use of decode-and-forward 
relay technique. 
 
B.  Proposed  work 
 

 
 
The proposed work makes use of filter and forward 
relay technique and has a better success probability 
than the previously used decode-and forward 
technique. 
 
CONCLUSION 
 
In this paper, wireless networks with multiple 
concurrent transmissions and spatial interference 
were investigated. The closed-form outage 
performance for cooperative networks were 
investigated too. By using the filter and relay 
techniques for cooperative and non cooperative 
strategies the success probabilities of the signal 
received by the receiver was increased by 20db/km.In 
the future some more filter that could provide better 
performance than the basic filter technique can be 
used and to attain even higher value of success 
probability. 
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