
Interference Management through Mobile Relays
in Adhoc Networks

Rohit Naini
Electrical and Computer Engineering,

University of Illinois,

Urbana-Champaign, Illinois 61820

Email: naini1@illinois.edu

Pierre Moulin
Electrical and Computer Engineering,

University of Illinois,

Urbana-Champaign, Illinois 61820

Email: moulin@ifp.uiuc.edu

Abstract—Adhoc Network nodes engage in localized grouping
and organization based on their neighbourhood to carry out
complex goals such as end to end communication. Certain
network nodes are enlisted as localized relays to assist in passing
messages along a chain. This paper proposes a method to exploit
the presence of relay nodes in wireless networks to mitigate
interference from other simultaneous transmissions. Optimal
spatial locations and transmission schemes to combat interference
are identified for cognizant mobile relays.

I. INTRODUCTION

Communication networks are a high impact technological

development in recent history. Wireless medium access has

helped overcome the bottleneck of last-mile connectivity.

However, wireless links were integrated into wired systems

as wire-substitutes. Interference experienced in the wireless

medium is hence viewed as an adverse effect on channel

quality.
Network centralization has been the key approach to in-

terference management. This necessitates careful regulation

of each node causing scaling issues. In contrast, adhoc net-

works rely on node autonomy and self-organization into clus-

ters/blocks with certain hierarchy to achieve coordination. In-

terference from transmissions in external blocks are inevitable

necessitating other techniques to handle interference.
Node mobility is an important degree of freedom in adhoc

networks and a prime reason for their dynamic architec-

ture. Certain spatial node configurations inherently provide

better system performance. In scenarios with autonomous

node mobility, we investigate spatial configurations and relay

schemes optimizing system performance. In this paper, we

show that shared nature of wireless medium can be exploited to

combat interference through multi-terminal reception. Mobile

relays are crucial for successful interference mitigation within

dynamic interference neighbourhoods that adhoc networks

present.

II. OUTLINE

Relaying facilitates end-end communication in a dissipa-

tive wireless medium. We look at the problem of handling

interference within a Single Relay Channel (SRC) which is

a simple multi-terminal block. Network Information theory

seeks to establish fundamental limits of multi-terminal com-

munication. Relevant work in this area on Interference channel

with relays is presented in [1]. The notion of Interference

Forwarding is introduced by Dabora et al. in [2]. These works

however assume a complete codebook knowledge at the relay

which is infeasible in large systems. In the quantize and

forward approach taken by Avestimehr et al. in [3], external

interference adversely effect system performance which is an

artefact of the coding scheme. Network optimization problems

consider point-point relays where the multi-terminal capability

of wireless nodes is ignored. A relevant work that considers

relay selection using Amplify-Forward is presented in [4].

Yet another related work on algorithms for Relay Selection is

presented by Vishwanath et al. in [5]. We consider the problem

of mobile relay placement under external network interference.

The solution can vary based on severity of interference, relay

power and mobility constraints.

Section III introduces the channel models and the frame-

work. Section IV analyzes relay placement and schemes in the

presence of external interference and presents certain simula-

tion results. Section V concludes the discussion summarizing

the key results.

III. CHANNEL MODEL AND FRAMEWORK

A Gaussian Channel model is employed. Euclidean distance

based quadratic attenuation is used. Nodes have average power

constraints.

Mobile relays work closely with a block of nodes and

have a mechanism for exchanging codebooks. Relays know

the spatial configuration and powers of nodes beyond the

block causing significant interference. To make calculations

tractable, we assume that all network transmissions use Gaus-

sian codebooks. Figure 1 depicts such an example adhoc

network block.

We use the following standard notation: Xi for signal

transmission, Yi for signal reception, Zi for interference-noise

reception at node i. Transmit powers are denoted Pi. The Eu-

clidean distance between nodes i and j is dij thereby the link

attenuation coefficient aij is given by aij = 1/dij .Gaussian

channel capacity is abbreviated as C(t) = 1
2 log (1 + t). For

the network block of Figure 1,

Y2 = a12X1 + Z2

Y3 = a13X1 + a23X2 + Z3
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Fig. 1. An example Single-Relay Channel Block in the specified framework

E[X2
i ] = PiandE[Z2

i ] = Ni ∀ i

IV. SINGLE RELAY CHANNEL UNDER EXTERNAL

INTERFERENCE

In this section we analyze the performance of a Single Relay

Channel in terms of maximum achievable rate. The analysis

is akin to the one presented in [6, Chapter 9]. The Cut-Set

bound, Decode-Forward rate and the Compress-Forward rate

are used for qualitative comparison.
Formulation: The Source (node 1) and Destination (node

3) nodes are located at (0, 0) and (d, 0) respectively and the

relay (node 2) moves as (rd, θ) where r lies in [−2d, 2d] and

θ lies in [0, 2π). The receiver noise (excluding interference)

at nodes 2 and 3 are uncorrelated Gaussian with powers N0
2

and N0
3 respectively. We consider an external interference

from nodes in a neighbourhood circle of radius 2d around

the source. The effect of interference is completely captured

by a correlation coefficient ρN between interference-noise

receptions at nodes 2 and 3.

E[X2
1 ] = P1, E[X2

2 ] = P2

E[Z2
2 ] = N2 =

m+4∑
i=4

(
a2i2Pi

)
+N0

2

E[Z2
3 ] = N3 =

m+4∑
i=4

(
a2i3Pi

)
+N0

3

ρN =
E[Z2Z3]√
E[Z2

2 ]E[Z2
3 ]

A. Cut-Set bound
The Cut-Set bound is an upper bound to the maximum

achievable rate in an SRC. We analyze this to identify potential

performance gains in the presence of a mobile relay. The cut-

set bound [7] applied to this configuration reduces to.

C ≤ max
P (X1,X2)

min [I(X1;Y2, Y3|X2), I(X1, X2;Y3)]

C ≤ max
ρ

min [I(X1;Y2, Y3|X2), I(X1, X2;Y3)]

where ρ is the correlation between X1 and X2

I(X1;Y2, Y3|X2) = H(Y2, Y3|X2)−H(Y2, Y3|X1, X2)

= C

⎛
⎜⎜⎝
P1(1− ρ2)

[(√
N3

rd −
√
N2

d

)2

+ 2(1− ρN )
√
N2N3

rd2

]

(1− ρ2N )N2N3

⎞
⎟⎟⎠

I(X1, X2;Y3) = H(Y3)−H(Y3|X1, X2)

= C

⎛
⎝1 + P1

d2 + P2

d2
23

+ 2ρ
√
P2P3

d23d

N3

⎞
⎠

where d23 = d
√
1 + r2 − 2r cos θ

The choice of ρ is one that equalizes the two cuts (Broadcast

and Multiple-Access) in the bound. When the second cut

(Multiple-Access) is not limiting, by appropriately relocating

the mobile relay, performance gain due to interference corre-

lation materializes as (1−ρ2N ) term in the denominator of the

first-cut (Broadcast).

B. Decode-Forward

The Decode-Forward scheme [8] achieves the cut-set bound

for a degraded relay channel. This scheme can also be for

the SRC with certain performance loss. The achievable rate is

given by

R ≤ max
P (X1,X2)

min [I(X1;Y2|X2), I(X1, X2;Y3)]

R ≤ max
ρ

min [I(X1;Y2|X2), I(X1, X2;Y3)]

where ρ is the correlation between X1 and X2

I(X1;Y2|X2) = H(Y2|X2)−H(Y2, Y3|X2)

= C

⎛
⎝P1(1− ρ2)

[
1

(rd)2

]
N2

⎞
⎠

I(X1, X2;Y3) = H(Y3)−H(Y3|X1, X2)

= C

⎛
⎝1 + P1

d2 + P2

d2
23

+ 2ρ
√
P2P3

d23d

N3

⎞
⎠

where d23 = d
√
1 + r2 − 2r cos θ

The important difference from the cut-set bound is that there

in no performance gain due to interference decorrelation. In

fact, both cuts take an adverse hit because N2 and N3 increase

due to interference thereby reducing the achievable rate region.
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Fig. 2. Plot comparing various schemes when relay is collinear with
source-destination pair under no external interference, source is at r = 0 and
destination is at r = 1

C. Compress-Forward

Compress-Forward [8] does not attempt to decode the

transmission from the source, instead it just forwards the re-

ceived signal under some downlink rate-distortion constraints.

Compress-Forward rate is given by

R ≤ I(X1; Ŷ2, Y3|X2)

where Ŷ2 = Y2 + N̂2 is a sufficiently compressed version of

Y2 subject to channel constraints to the destination given by

I(Y2; Ŷ2|X2, Y3) ≤ I(X2;Y3)

For the given network configuration,

R = C

⎛
⎜⎜⎝
P1

[(√
N3

rd −
√
N2

d

)2

+ 2(1− ρN )
√
N2N3

rd2 + N̂2

d2

]

N2N3(1− ρ2N ) + N̂2N3

⎞
⎟⎟⎠

where N̂2 is the minimum degradation to be added to Y2

satisfying the inequality

N̂2 ≥
P1

[(√
N3

rd −
√
N2

d

)2

+ 2(1− ρN )
√
N2N3

rd2

]

P2

d2
23

+
N2N3(1− ρ2N )

P2

d2
23

where d23 = d
√
1 + r2 − 2r cos θ

We observe that the decorrelation term (1 − ρ2N ) which

gives performance gain in the cut-set bound appears in the

Compress-Forward relay scheme. Upon simulation, this cor-

respondence is easily seen in the maximum possible rate.

Simulation results show that Decode-Forward is best suited

for maximum rate in the absence of external interference

and the relay is mobilized around the mid-point of source-

destination. In the case where external interference is present,

Compress-Forward performs better and reflects gains expected

in the cut-set bound. The relay mobilization is a delicate
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Fig. 3. Plot comparing various schemes when relay is collinear with source-
destination pair under an external interferer at r = 0.8 θ=π/50, source is at r
= 0 and destination is at r = 1
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Fig. 4. Contour Plot showing cut set bound as a function of relay location
with three external interferers with equal power P = 5 in the neighbourhood
r = [1.5,0.7,0.7] θ=[45,72,162], source is at r = 0, P = 10 and destination is
at r = 1

Fig. 5. Plot showing the best relay scheme with mobile relay with restrictions
and multiple external interferers

2079



balance between getting reception from the source and maxi-

mizing interference correlation with the destination.

A simulation fortifying the observation of mobility based

performance improvement is shown using a contour of Cut-

Set bound with relay spatially location. This clearly shows that

performance gains can be harnessed through careful treatment

of interference signal using appropriate node relocation.

Figure 5 identifies the best scheme under limited (rectan-

gular) relay mobility when multiple external interferers are

present. This depicts that Compress-Forward is better suited

for handling interference.

V. CONCLUSION

We have demonstrated that a mobile relays can play an

important role in handling interference and enhancing perfor-

mance of network blocks. The appropriate relaying scheme

used in conjunction with a good spatial relay location sig-

nificantly improves rate regions. Compress-Forward scheme

usually dismissed due to its complexity hold the key to-

wards handling heavy external interference. This work also

demonstrates that dynamic relays can alter the configuration

of network block to optimize performance.
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