
Third Mosharaka International Conference on Communications, Computers and Applications

User Cooperation versus Multiple-Access-Channel with Dedicated-Relay using
Network Coding

Gordhan Das Menghwar and Christoph F. Mecklenbräuker
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Abstract—User cooperation is a communication strat-
egy where transmitting users share their resources to
help each others’ transmission for reliable delivery of
their message at destination. Multiple-access-channel
with Dedicated-relay (MAC-DR) is a MAC channel,
where there are more than one transmitters, single
receiver, and a fixed or dedicated node which act as a
relay for transmitting users. In this paper, we investigate
network coded user cooperation and MAC-DR, using
network coding. With extensive simulations, we show
that our proposed block-Markov impressed network
coded user cooperation strategy outperforms MAC-DR
using network coding. They both show symmetrical per-
formance only if the inter-user and user-relay distances
are held constant.

I. INTRODUCTION

Due to the physical environment available for mes-
sage transmitted through wireless channel, signal re-
ceived at the destination is very unreliable for receiver
to detect and then decode the transmitted message
correctly. Diversity techniques, where destination can
have more than one independent replicas of the same
transmitted signal, is a way to reduce the effects
caused by wireless channel [1]. Diversity gain can be
achieved by using space, time, and frequency. Spatial
diversity is achieved by using multiple transmit and
multiple receive antenna at both transmitting and re-
ceiving side, formally called MIMO systems [2], [3].
This technique becomes challenging for transmitter
with very small size where there is not very much
space to install many antennas.
Cooperative communications is a new way to ex-

ploit spatial diversity in size constraint nodes [4], [5],
[6]. In cooperative communications, each transmitting
user finds a partner transmitting user to share the
antenna. This sharing of antenna generates a virtual
MIMO effects to exploit spatial diversity. In recent
year, there has been extensive work on cooperation
or relaying protocols and coding schemes to realize
those protocols in practice [7], [8], [9], [10]. Decode-
and-forward is one of the various protocols invented
where each MS receives and decodes the message
received from its partner MS and forwards some
refinement information to destination.
Information theoretic block-Markov coding is used

to achieve the maximum gain available through user
cooperation [6]. We proposed network coding as an
operational implementation of block-Markov coding
in [11]. We investigated further our scheme in [12]
showing its performance benefits in terms of achiev-
able throughput and outage probability for two coop-
erating users.
Third Generation Partnership Program’s Long-

Term Evolution Advanced (3GPP-LTE-Advanced) is
considering to introduce a fixed relay for edge users
in cellular network to enhance their coverage area as
well as to improve the capacity for edge users [13],
[14].
In this paper, we compare network coded user

cooperation scheme, where the transmitting nodes or
the users act as a relay for each other, with the scheme
as considered by 3GPP-LTE-Advanced, where users
are provided with a fixed relay to help their transmis-
sion to destination. The standard doesn’t require the
relay to forward network coded bits to destination,
but for fair comparison between two schemes, we
use network coding for both of the schemes. The
later scheme is formally called MAC-DR [15]. With
extensive simulations, we show that only with certain
location of fixed relay we can benefit as much as the
user cooperation using network coding, otherwise our
scheme always outperforms transmitting using fixed
relay node, i.e., MAC-DR.
In the rest of the paper, in Section II, we give

brief overview of the two systems to be compared. In
Section III, we present our system model. Section IV
briefly discuss our decoder to be used for both of the
schemes to be compared. In Section V, we discuss our
simulation results, and finally, in Section VI we give
conclusion of our work and some future directions to
follow.

II. OVERVIEW OF THE USER COOPERATION AND
MAC-DR USING NETWORK CODING

We consider cellular network with two mobile
stations (MSs) and a single base station (BS), each
having a single antenna. For simplicity, we assume
that there is no interference from any other MS or
the BS in the considered cell. Each MS user takes a
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random binary messages (b1, b2 ∈ {−1, 1}) and sends
it to the BS.

A. User Cooperation
During transmission, MS not only sends its own in-

formation but also relay some cooperative refinement
information on behalf of other MS to the destination.
In other words, each MS act as a relay for each other.
We call such a scheme user cooperation as in [4], [5]
and shown in Fig. 1.

Fig. 1. User cooperation using network coding

Communication takes place in two phases. Dur-
ing first phase, MS m1 and m2 broadcast. Due to
broadcast nature, this message is received at their
partner node and the BS. Note that, m1 is considered
to be the partner for m2, and m2 is considered to
be the partner for m1. During next phase, both of
the MSs following block-Markov coding send some
cooperative refinement information to destination [6].
This cooperative refinement information is formed by
taking Ex-OR of MSs’ own bits with the bits received
from its partner. Taking Ex-OR of the messages is
based on the concept of network coding [16].
Time allocation for both of the phases is shown in

Fig. 2, where first two slots are for first phase, and
the third slot is for the next phase.
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Fig. 2. Time slot allocation for user cooperation using network
coding

B. MAC-DR
In this transmission strategy, both of the MS share a

dedicated relay to forward network coded bits to BS.
Again, like in user cooperation case, transmission of
message consists of two phases. During first phase,
each user, in turn, broadcasts its information to the
relay and destination. In the second phase, the DR
sends Ex-OR of the messages received from both of

the MSs and sends it to the destination as shown in
Fig. 3. MSs are assigned time slots as illustrated in

Fig. 3. MAC-DR using network coding

Fig. 4. During first phase of transmission, MSm1 and
m2 transmit and BS as well as relay listen. This takes
first two time slots shown in Fig. 4. In the next phase,
during third time slot, relay sends the Ex-OR of the
messages received from both of the MSs to BS.
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Fig. 4. Time slot allocation for cooperation based on network
coding

III. SYSTEM MODEL
Channels between MSs, from MS to BS, and from

relay to BS are considered to follow block-fading
Rayleigh distribution. Throughout this paper, we use
hij to represent the channel gain from MS i to j.
hiR is the channel from MS mi to relay node R.
hid, and hRd indicate the channel from MS mi and
relay node to destination, respectively. Receiver noise
is modeled as zero mean Additive-White-Gaussian-
Noise (AWGN) with unit variance. Each node has a
power limitation of Pi. Furthermore, taking into ac-
count the fact that, practically, it is difficult to transmit
and receive at the same time, we only consider nodes
with half duplex constraint.
In the following subsections, we present the signal

received at corresponding receivers for user coopera-
tion and MAC-DR.

A. Signals received for user cooperation
During first phase of transmission, signal received

at m1 from m2 is

y1 = b1h21 + nu1
, (1)

and the signal received at m2 from m1 is

y2 = b2h12 + nu2
. (2)
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Destination, after two phases of transmission, re-
ceives⎡

⎣yd1

yd2

ydc

⎤
⎦=

⎡
⎣hd1 0 0

0 hd2 0
0 0 hd1 + hd2

⎤
⎦

⎡
⎣ b1

b2

b1 ⊕ b2

⎤
⎦ +

⎡
⎣nd1

nd2

ndc

⎤
⎦
(3)

yd1 and yd2 represent the signals received at destina-
tion from both of the MSs during first and the second
time slots, and ydc shows the signal received during
cooperative phase, i.e., during third time slot, from
both of the MSs.
Partner MSs take hard decisions on the received

bits, and the destination uses maximum-likelihood
(ML) decoder, to be discuses in Section IV, to detect
the bits b1 and b2.

B. Signals received for MAC-DR
Relay receives from MSs m1 and m2, written in

matrix vector notation[
yR1

yR2

]
=

[
hR1 0
0 hR2

] [
b1

b2

]
+

[
nR1

nR2

]
(4)

The destination, after two phases of transmissions,
again written in matrix vector notation, receives⎡
⎣yd1

yd2

ydR

⎤
⎦ =

⎡
⎣hd1 0 0

0 hd2 0
0 0 hdR

⎤
⎦

⎡
⎣ b1

b2

b1 ⊕ b2

⎤
⎦ +

⎡
⎣nd1

nd2

ndc

⎤
⎦ (5)

yd1, yd2, and ydR are the signals received at the
destination from both of the transmitting MSs and
the relay.
Equations (3), (4), and (5) can be written in short

as
y = Hb + n (6)

where y represent the received vector, H is the chan-
nel matrix. The transmitted message vector and the
noise vector are represented as b and n, respectively.

IV. DECODER
The received vector y in (3), (4), and (5) are used

to find out the transmitted bits b1 and b2. Maximum
likelihood (ML), the optimum, decoder is used to
compute

b̂ = argmin
b∈{−1,1}

Re{(y − Hb)HC(y − Hb)} (7)

b̂ represents the estimate of the transmitted mes-
sage vector from MS m1 and m2. For decoding the
message at destination, the values of y,H , andC, for
transmission with user cooperation, come from (3).
For decoding the message at relay and destination for
MAC-DR, the required values for computing (7) come
from (4) and (5). C represents the inverse covariance
matrix of the noise. Superscript H indicates the
hermitian transpose operation.

V. PERFORMANCE EVALUATION
For simulations purpose, all of the distances,

like inter-user, user-destination, user-relay, and relay-
destination are normalized to unity.

A. Simulation Setup for User-cooperation
For simulating user cooperation using network cod-

ing, the distance between the cooperating MSs is set
to 0.25. The distance from MSs to destination is fixed
to one. These distances are taken quite arbitrarily and
do not change the results if taken differently.

B. Simulation Setup for MAC-DR
Again, the distance between MSs and the BS is

taken to be one. The relay is placed between MSs
and the BS at different distances.

C. Results
During simulations, the simulation setup for user

cooperation as well as MAC-DR, as described in V-A
and V-B is held constant, but the relay position is
varied such that its distance from transmitting MSs is
increased and from BS is decreased. Vertical y-axis
displays the probability of error, and the x-axis shows
the SNR for direct link, i.e., from MS to BS.
For the first result shown in Fig. 5, the DR is placed

at a distance of 0.25 from transmitting MSs and 0.75
from BS. As seen, user cooperation as well MAC-
DR perform better than direct or non-cooperative
transmission. Furthermore, the important point to note
is that both of schemes perform symmetrically.
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Fig. 5. Dedicated relay placed at 0.25 from MSs

In Fig. 6, we increase the relay distance to 0.5 and
relay destination to 0.5. As a result, we see that for
high SNR, i.e., from 5 dB and onwards MAC-DR
degrades the performance. Finally, in Fig. 7 the DR
is placed close to destination with a distance of 0.75
from MSs and 0.25 from BS. Results indicate that
the performance keeps on degrading as we move the
DR farther from the MS, and the user cooperation,
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Fig. 6. Dedicated relay placed at 0.50 from MSs

using network coding, performs shows much better
than MAC-DR.
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Fig. 7. Dedicated relay placed at 0.75 from MSs

VI. CONCLUSION

We compared our block-Markov encoding im-
pressed network coded cooperation scheme with the
transmission using fixed relay, called MAC-DR. With
extensive simulations, we show that the network
coded cooperation outperforms transmission using
DR. These both schemes performs almost symmet-
rically if the inter-user distance, in case of user
cooperation, and user-relay distance, in case of MAC-
DR, is same. We intend to analytically analyze the
performance comparison in our future work.
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for cooperative communications,” Proceedings of Junior Sci-
entist Conference 2008, Vienna, Austria, pp. 105– 106, Nov
2008.

[12] G. D. Menghwar, W. Shah, and C. F. Mecklenbräuker,
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