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Abstract

Network capacity is an important factor to measure the performance of a network. Cooperative networking is a phenomenon which
helps network to have significant gains in terms of transmission reliability and network capacity. Cooperating networking has been
applied to multi-hop ad hoc networks. However, the existing works have two limitations. They support only single antenna model and
three node relay scheme. The reason behind this limitation due to lack of complete understands of optimal power allocation structure
Multiple Input and Multiple Output (MIMO) cooperative networks. Recently Liu et al. studied structural properties with respect to
MIMO cooperative networks in presence of hode power constraints. Each power allocation at source follows corresponding MIMO
structure so as to ensure optimal power allocation. They establish relationship between cooperative relay and pure relay to quantify
performance gain. In this paper we did experiments on this concept. Our simulations reveal that the proposed system for cooperative
network is able to achieve both transmission reliability and network capacity.
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1. INTRODUCTION

Cooperative networking is said to have capabiliteesnprove
network performance and provide transmission raiigb It
has been around since 1970s [1]. [2]. Later ona¥rel
channels” concept came into existence with infoiomat
theoretic studied [3], [4]. Of late cooperative wetking has
got more popularity in research circles. Many peolis have
been studied to solve with cooperative networkiogoept.
They include MAC layer protocol design [5], distried
routing [6], network lifetime maximization [7], and
throughput-optimal scheduling [8]. The studied ooperative
networking have limitations. They include optimipat is
limited to three-node relay scheme, and single rangte
systems. Figure 1 shows basic three-node relayrsehe

R@
Fig. 1 -Basic three-node relay scheme
As can be seen in figure 1, a message is transimiitten

source to destination. However, it is relayed bge® as it
can overhear the message. In case of multi-hop @ h

network, the message sent from source is likelybw
overheard by multiple relay nodes. In this scenasio
cooperative networking approach chooses only one
neighboring node to act as relay node [9], [10JoUdh it is a
simple phenomenon, it is suboptimal in performarg®ther
problem with cooperative network is that it is lied to single

— antenna systems. Figure 2 illustrates this sa@nar

A Rl

Fig. 2 -Cooperative network with multiple relays.

As can be seen in figure 2, multiple relays areehmetween
the source and destination. The ideal of deployimgtiple
antennas at each node is very interesting. Mukipte
independent data stream is possible with multipiteranas.
Independent spatial channels are exploited in cdaeachieve
this. The two problems found in traditional coopimea
networks are somehow related. To find the relatetween
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them a single-antenna multi-relay network is comsd as
shown in figure 2. Analyzing multiple relay netwerks
somehow related to analyzing three-node relay nétwim
this paper we focused on the optimal power allocatat
source in such a way that it maximizes network cépand
improves reliability of transmission. Our relay a&gy is
“amplify-and-forward (AF)". This is because therg less
complexity in AF strategy. Moreover it is an attiae
solution in MIMO cooperative networks. Another inmfamt
reason to use AF is that it can outperform DF (deeand-
forward) strategy in terms of network capacity. ENR also
AF is better when compared to DF [11].

In this paper our contribution to implement a caaftige
network that demonstrates the proof of conceptithatoves
network capacity besides improving transmissiormabdity.

The remainder of the paper is structured as foll@®estion I
provides review of literature on cooperative netgoiSection
Il provides information about the proposed workcton IV
presents experimental results while section V adates the
paper.

2. RELATED WORKS

Networking has become ubiquitous for computing. réhere
Cooperative networks have been around for manysyddey
are meant for improving the network capacity andoal
transmission reliability. After initial study on operative
networks, many works came into existence to imprdve
further [12], [13], [14], [15], [16], and [17]. Ifl7] optimal
relay amplification matrix is used for improvingrfmance
in three-node cooperative network with multiple utg and
multiple outputs. In [16] also different technigoiesame kind
is used. Generalization of matching results to aM@CN
with three node network is done in [18]. More coexptelay
settings were explored of late. Multiple AF relaygere
studied in [19]. There work is different from th@sk done by
us in this paper as they assumed power constratirgh relay
nodes in the network. This approach is not realisfio
overcome this problem we proposed per node power
constraints to make it more appropriate. More emging
power allocation problem is thus encountered hEhe. three
node concept given in [13] can also be used withtiphe
relays. The main different between our work and tfg20]
is that there is no cooperation concept in [20]levtine node
sin our approach cooperate.

3. PROPOSED COOPERATIVE NETOWRK
SYSTEM

The proposed cooperative networking concept is méam
maximizing network capacity. It also contributes toe
reliable transmission of data.

Figure 3 shows AF-based MIMO cooperative network.

Fig. 3— AF based MIMO Cooperative network

As can be seen in figure 3, the direct link betwsearce and
destination is known as pure relay. If there afgepthodes
involved in the relay we call it cooperative reldhe source
node S sends message which is supposed to redahaties.

The transmission of the data is coordinated by miabgy

nodes such as R1, R2, ..., RM. The antennas of s&ia&l
destination D have antennas Ns and Nd respectiVééyalso
assume that Ri has Nr antennas. More technicailglefathe

approach can be found in [21].

4. OPTIMAL
STRUCTURE

The cooperative relay case is explored here. Wheretis
direct link between source and destination, itiswn as pure
relay. When there is no direct link between souesel
destination and communication takes place through
intermediate relay nodes, it is known as coopegatdlay. The
intermediate nodes in ad hoc networks overhear
communication between the source and destinatiordet
cooperative relay (CR) we studied the optimal stmes of A
and Q. As explored priori in [12] Q is fixed. Wheampared
with pure relay finding the optimal structure. Tyeal of this
paper is to find optimal A and Q in order to maximiCR (Q,
A) under CR. It is expressed as follows.

POWER ALLOCATION

the

Maximize Iop(Q.A)
subject to Q e, A e .

Further mode the following shows the achievablee rat
expression.

Ipp(Q.A) =
Aoy, — (Tyy, + UL H

logy [Iyn,+
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For given Q, the best relay amplification matrixais shown
below.

Ae=([V ‘]H]‘I’L(L I, k=l

The total gain of the network with respect to natwoapacity
is computed as follows.

1
Icr(Q,A) = 5102,'2

i "
I;\rd -+ —QHsdQH{di -+
94 1

Direct link without relays

1 T
51002 szﬂsd) HLER |

In, +Haa (Q_l +
sd

Gain from AF relays

Once Q and A are decomposed, the next step isttmiap
them. As per the PO-PR for ICR, where Q valuexediand
readily solved. Therefore the rest of the proces$ocused
here. Towards global optimization approach, an ritym is
proposed to optimize the A and Q. The algorithrassshown
in figure 4.

Algorithm 1 BB/CPR Solution Procedure

Initialization:

1. Let the optimal solution " = () and the initial lower bound L.B = —o0

2. Determine partitioning varables (variables associated with CPR) and
derve therr initial bounding intervals.

3. Let the initial problem list contain only the original problem, denoted by
F.

4. Construct CPR. based on the partitioning variables. Denote the solution
to CPR as ¢ and ifs objective value as the upper bound UV B;.

Main Loop:

5. Select problem F; that has the largest upper bound among all problems
in the problem hst.

6. Find a feasible solution v, by solving Problem FP,. Denote the objective
value of v, by LB;.

T.HLB; > LBthenlet¢* =v, ad LE=LB; If (1+¢)LB>UB
then stop with the (1 — ¢)-optimal solution " ; else, remove all problems
P.: having (14 ¢€)LB,; > UB from the problem List.

8. Compute relaxation error for each partitioning variable.

9. Select a partitioning variable having the maximum relaxation error and
divide its bounding interval into two new intervals by partitioning at its
value in .

10. Remove the selected problem P from the problem hst. and construct
two new problems P, and F.; based on the two partitioned intervals.

11. Compute two new upper bounds UV B,y and [/ B, by solving the CPR
for F;1 and P, respectively.

12.If (1 +¢€)LB < UUB;; then add problem P, to the problem List If
(14 ¢)LB < UB:4 then add problem P, to the problem list.

13. If the problem list is empty, stop with the (1 — €)-optimal solution "
Otherwise, go to Step 5.

Fig. 4 —Algorithm to optimize solution (excerpt from [32]

As can be seen in figure 4, it is evident that tpgimal
solution is achieved through the procedure giveme T
optimization process is iterative in nature. Moezhnical
details of the algorithm can be found in [22].

5. RESULTS

We built a prototype application to simulate theoqgdr of

concept. The application demonstrates the concefpt o

cooperative networking. The environment used tddbthe
application is a PC with 4 GB RAM, core 2 dual mssor
running Windows 7 operating system. The simulatiane
made through the application. The experiments amged out
in terms of
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Fig. 5—Number of iterations vs. antennas

As can be seen in figure 5, the number of anterisas
represented by horizontal axis while the numbeiterhtions
is represented by vertical axis. Ten randomly geeer
network instances are averaged to represent edehpdant.
Based on the number of per-node antennas, theidesaare
changed proportionately.

3
o T
3 —o—Equal
S S~
a2 Power
s Allocation
< ®©

o

0

humbzer of %{elayg1

Fig. 6-Number of relays vs. achievable rates (relay caang
from 2to 5)

As can be seen in figure 6, the number of relayspsesented
by horizontal axis while the achievable rates agresented
by vertical axis. Under optimal power allocationhet
achievable rates are compared. The results revédadedhere
is significant increase in rate gain under optinpaiwer
allocation. It does mean that with optimal powdoedtion,
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when number of relays increase, there is increasaté gains
as well.
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Fig. 7— Number of relays vs. achievable rates (antenna
changes from 2 to 6)

As can be seen in figure 7, the number of relayspsesented
by horizontal axis while the achievable rates apgresented
by vertical axis. Under optimal power allocationhet
achievable rates are compared. The results revézdedhere
is significant increase in rate gain under optinpawer

allocation. It does mean that with optimal powdoeation,

when number of relays increase, there is increasaté gains
as well.

CONCLUSIONS

Structural properties of MIMO cooperative netwodnchave
their impact on the network capacity and reliabda$mission.
In this paper we studied these properties in otdémprove
network capacity and transmission reliability. EsSply we

focused on the optimal power allocation in multageMIMO

cooperative networks. We implemented algorithmadboieve
this. We generalized the settings of three — naaayrto
multi-relay setting with per node constraints. Thewe

quantified the performance gains to find the relathip
between pure relay and cooperative
simulations to demonstrate the proof of concepe dimpirical
results revealed that the proposed algorithms fieetve in
maximizing network capacity with reliable transniigs
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