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Abstract— Reliable channel estimation is an essential task in the development of receivers for multiple
input multiple output (MIMO) finite ad hoc networks. The major problem in the estimation of channel
coefficientsin a MIMO ad hoc network is the interference from the other nodes. In this paper, channel
estimation is performed for a finite MIMO ad hoc network where transmitter employs antenna selection.
The spatial node distribution in a finite network, containing finite number of nodes in a finite region is
characterized using the binomial point process. Linear Minimum Mean Square Error (LMMSE)
algorithm is developed for estimating channel coefficients using training sequences. The algorithm uses
the spatial correlation of receive antennas. The MSE performance of proposed LMMSE channe
estimator for MIMO ad hoc network in the interference limited environment is analysed through
simulations.

Keyword- Binomial Point Process, Guard Zone, Linear Minimum Mean Square Error, Multiple Input
Multiple Output (MIMO), Transmit Antenna Selection.

I. INTRODUCTION

Wireless ad hoc networks are considered as an important part of next generation wireless communication
systems. Since there is no centric controller in the network, the performance of the ad hoc network is
constrained by the interference from other users [1]. Recently, finite area networks with node positions modeled
using a Poisson Point Process (PPP) have been studied for applications such as persona or local area networks
[2-4]. However, a practical network is often finite in terms of both the number of nodes and the service area,
which is referred as a finite network. In such a finite ad hoc network, a Binomial Point Process (BPP), rather
than a PPP, models the node distribution [5-7].

In a homogeneous PPP, there is finite number of nodesin a finite region. The number of nodes in any subset
of this region follows a binomial distribution. In PPP, redlizations of the process may have more number of
nodes than the number of nodes deployed. Hence, when number of nodes is known, PPP is not a good model.
Further, if al the nodes are presented in certain part of network area, the remaining area is empty; PPP does not
capture this fact. There is a need to study and characterize finite uniformly random network and model the
network using the more realistic case of BPP. Binomia network finds application in mobile ad hoc networks,
sensor networks and wireless networks with infrastructure, such as cellular telephony networks.

It is proved that multiple input multiple output (MIMO) systems are capable of managing interference and
improving link reliability through spatial multiplexing and diversity techniques [8]. To harness the advantage of
MIMO technologies, ad hoc networks with each node equipped with multiple antennas, are proposed and
investigated [9-13]. However, to exploit the benefits of MIMO systems, accurate Channel State Information
(CSl) is needed at the transmitter and/or receiver [14]. For example, the performance of transmit beamforming
depends on the accuracy of the CSl at the transmitter. The performance of space time decoders is also entirely
determined by the availability of an accurate CSl at the receiver. Hence, accurate channel estimation plays a key
role in MIMO communications [15-17]. One of the most popular and widely used approaches for MIMO
channel estimation isto employ training sequences for estimation.

There are several methods of channel estimation for flat and frequency selective fading MIMO channels. The
Maximum Likelihood (ML) method using orthogonal pilot signals is applied for estimation of MIMO channels
[17]. Further study of this estimator is reported in [18]. Least Squares (LS) channel estimation technique is
developed for systems with multiple transmit antennas [19]. The Linear Minimum Mean Square Error (LMMSE)
channel estimation technique improves the Mean Square Error (MSE) performance of the conventional LS
method [20]. Optimal training signals are developed for channel estimation schemes, including the LS and
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LMMSE for systems with multiple transmit antennas and single receive antenna [21, 22]. Orthogonal training
seguence is employed for LMMSE estimator in [23, 24].

Since LMMSE is an optimal technique for channel estimation in wireless systems and channel estimation
for ad hoc network characterized using BPP is not found in the literature, in this paper, channel estimation in
interference limited MIMO ad hoc network is addressed. As the Radio Frequency (RF) chains are quite
expensive and the antenna elements are cheap, transmit antenna selection has become a promising technique to
reduce the hardware cost. MIMO systems with transmit antenna selection use fewer RF chains at the transmitter
than the actual number of antenna elements available [25,26]. Hence, this paper aims to develop an optimal
channel estimator for MIMO ad hoc network with transmit antenna selection. Transmit antenna selection is
performed based on the channel gain between transmit and receive antennas. The antenna selection information
is transmitted through a control channel to the receiver [27]. The channel state information between the selected
transmit antenna and the receiver is estimated using the antenna sel ection information.

The paper is organized as follows. In Section |1, the system model is described. In Section 11, proposed
LMMSE channel estimator is derived for finite ad hoc network. Simulation results are presented in section 1V to
analyse the MSE performance of proposed LMMSE estimator. Section V concludes the paper.

Il. SYSTEM MODEL

Fig. 1. System model with nodes spatially distributed over theregion R

Consider a finite ad hoc network with finite number of nodes N, in finite area R represented by 2-D

Euclidean space as shown in Figure 1. The location of transmitting nodes is modeled using Binomia Point
Process (BPP). The set @ represents the independent and uniformly distributed nodes in a finite area® . The

subset constructed from the finite area R is known as Borel subset B . The number of nodes of @ fallingin B
is represented asd)(é) . The probability that ®(B)=n, followsabinomial distribution. It is given by

Pr(®(8)= ”):(hﬂ p"(A- /™" n=0,., N, -1 ¥

where p=|B|/|9%| denotes the ratio of the areaof Bto that of % .

A test transceiver isdeployed in9t , which itself is not a part of the BPP. At the origin O of acircular area of
radius R within R consist of test receiver. In order to avoid the power of interfering signals from outside this
circular area, the radius R is chosen to be sufficiently large. The guard zone is represented within concentric
circular areawith radius ¢, where interfering transmissions are neglected. Consequently, the interferer within the
corresponding annular area denoted as B cause effect on the test receiver. The set of interferers within B is
referred as® N B.

The distance between test transceiver is considered asr, . The distance between the i™interferer and the test

receiver is denoted asr, , Vie ®NB and r.’s are independent identically distributed (i.i.d) random variables
with acommon cumulative distribution function [9]

2 L2
Pr(r Sr):;z—_‘;,

<r<
e<r<R (2)
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Each node in the network is assumed to be equipped with n transmit antennas and n, receive antennas.

Inter node channels are assumed to be flat Rayleigh fading channel with i.i.d. circularly symmetric complex
Gaussian random variables of zero mean and unit variance.

The gpatial correlations of MIMO channels are modeled by a Kronecker structure with separable transmit
and receive antenna correlations. The channel matrix G between transmitter and receiver arraysis given by

.
G =R’G,(R}’)

3

where R, is a n.xn, receive correlation matrix, R, is a nxn, transmit correlation matrix and G, isa nxn,

matrix with i.i.d circular symmetric complex Gaussian with zero mean and unit variance. The channel vector is
given by

g=vec(G) 4

Oneof the n, transmit antennas is selected for transmission. The criterion for selecting ™ transmit antennais
given by

j=a argmax {Z|9m:| } 5)

e[L2.n]
Let x, and x, denote the T, x1 signal vectors transmitted from the test transmitter and i™ interferer
respectively over thetimeT, , Vie ®nB. The T,n x1 received signal vector at the test receiver is given by

y= roi%xogs + z rii%xigq +w ©)

ie®dNB

where X, is given by X, =x,®I, and X; =x, ®I . The T nx1 vector w is additive white Gaussian noise

with mean zero and covariance matrix o2l

w Tt

As apart of the channel modeling, path loss is included where
path loss exponent is given by a(a>2). The n x1 vector g, is selected channel vector with the criterion
givenin (5), given by

9, =59 (7)
where S=1, ®s and sis 1xn vector with its | element as 1 if j™ antenna is selected for transmission. It is
assumed that transmit antenna selection is employed in all the interferer nodes. The nx1 vectors g, are
selected channel vectors from the interfering nodes.

I11.PROPOSED CHANNEL ESTIMATION ALGORITHM
The LMMSE estimation of the channel hisgiven by

g, =Qy ®

where Q isthe LMMSE transformation matrix and Q is derived by minimizing the mean square error between
desired and estimated channel coefficients. It is defined as
- 2:|) (9)

Ouse =TT ( E[ s
Theterm E[”gS —@3"2} is expanded as

E{Jo.- 8" |- €[ (6.-8.)(0.-8.)" | (19
Equation (10) isrewritten as
[Ilgs & J E[o.0! |-E[ 00! |-E[ 60! |+ E[ 6.8 | (1)
Thefirst termin (11) is
E[o.0!' |=Rs (12)

The Kronecker model for spatial MIMO channel, models the correlation matrix R of the channel as a
Kronecker product of receive and transmit correlation matrices as [28]
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R.=R, ®R, (13)
The receive and transmit correlation matrices are given by R, =J, A7dr @i,j)] and R, =J, ATdt(l, D1,

where J,(x) isthe Bessel function of the first kind of the zeroth order, in which Aisthe angle spread, A4 isthe
wavelength and d, (i, j) and d, (i, j) are the distance from the antenna element i to antenna element | in the

transmitter and receiver respectively. As only one antenna is selected for transmission, R = R, . The second
and third terms are smplified as

E[98! |=1," Q"R X! (14)
E[6.08 ]=1,""X,RQ (15)

respectively. Substituting (8) in the fourth term of (11) resultsin

A . (16)
E[gsgg' ] =1, " Q"X R X} + E{QH ( D X008 X ]Q} +02Q"Q
ie®dNB
The middle term in (16) can be rewritten as
H -a HyH H -a HyH (17)
E Q Z ri Xigsgq Xi Q :Q z E|:r| Xigqgs Xi :| Q
ie®dnB ie®dNB
Asthedistances 1, areindependent to X; and g ,
E[nX,g,0 X" |=E[“ JE[X,0,0,X!" ] (18)
Let ™" =v,. From (2), the probability density function of v, isgiven by [9]
2 19
2 fV. (V) =bve l 9
where b=———— for ve[R“,&™|. E[v] isderived as
a(R -£ )
(20)
Evaluating the integral in (20) gives E[v]= R.LVf (v)dv
ba 2-a 2—0 (21)
E|lv|= -R
[v]=25 (e R

The second term E[Xigq gg X J in (18) is computed from the nature of  X;g, . The vector X;g, iswritten as

X9y =[Xq 1 X9, 51X 050 X g 1% Ty 2w X Ty vees X Gy X Gg e X1 G 17 (22)

With E[)g‘lg% (%, )} = E[x}l (% ) 95 (9., )} and as the data and channel are independent of each other,

E|:)¢1 ()ﬁ‘z ) 9. (gw )} can be written as

0606 0 (0] |=E[x:(x) ] 0ua(ons) | -

where E Fl( Fz)* = Rag 1T L=t and P_._ is the average single interferer power. The term
% 0 if t#t, e '

E[g% (95, )} is given by

E[g%(gm )}: R (r—1,) (24)
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Using (23) and (24), E[Xigsg;| Xf ] can be rewritten as
E[X,9,07X' |[= P (I, ®R,) (25)

Using (18), (21) and (25), equation (17) given by

ber | i (26)
R e L R LMUCLY)

ie®dNB

where N, is the number of interfering nodes. Substituting (12), (14), (15) and (16) which is calculated using
(26), in(11) gives E[||g5—gs||2]

~ 12 -a - -a
E|:||g3_gs|| :|=R$_ro /ZQHRSX?_ro lzxoRsQ+r0 QHXORSX:Q+

Q“(N bor

(27)

‘-2

(67 R Ry (In. R, )JQW@QHQ

Differentiating Tr ( E["gS —@5"2}) with respect to Q and equating to zero gives the LMMSE filter matrix Q as

bor N (28)
—al2 H, - H 2- 2— 2

Q=r1, %2R _X" (ro X RXD +(Ni —a—z(g @_R a)R,avg(lTL ®Rr)j+0wlnnrj
IV.SIMULATION RESULTS

In this section, MSE performance of proposed LMMSE channel estimator in MIMO ad hoc network with
transmit antenna selection is analysed. The following parameters are used for simulation as mentioned in Table .

Table! Simulation Parameters

Sl.No. Parameters Values
1 | Number of transmit antennas, n, 2
2 | Number of receive antennas, n, 2
3 | Distance between test transmitter and test receiver, r, 5m
4 | Radiusof Guard zone, ¢ 8m
5 | Radiusof theareaB, R 100 m
6 | Distance between successive antenna e ementsin the transmitter, d, | 0.24
7 | Distance between successive antenna elementsin the receiver, d, 0.154
8 | Path loss exponent, o 2.3

Figure 2 shows the MSE performance of the LMMSE channel estimator in MIMO ad hoc network modeled
using BPP and employing transmit antenna selection, with 20, 50 and 80 interfering nodes. The single interferer
power is 20dB. It can be observed that the proposed LMMSE estimator works well in the presence of strong
interference also. MSE of 107 is achieved at the SNR of 18 dB with 20 interfering nodes. With 80 interfering
nodes, same M SE performance is reached only at 22 dB.
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Fig. 2. MSE performance of LMMSE estimator in ad hoc network

Figure 3 shows the MSE performance of the LMMSE channel estimator in ad hoc network modeled using
BPP for varying single interferer power. The number of nodes is fixed to be 80. MSE of 107 is achieved with
the single interferer power of 17 dB and SNR of 20 dB. With single interferer power of 30 dB, MSE of 0.1194
is achieved when SNR is 20 dB. With SNR of 10 dB, MSE of 10" is obtained for single interferer power of
13.5 dB. Same M SE performance is obtained at 21.5 dB and 29.5 dB of single interferer power, when SNR is 15
dB and 20 dB respectively.

—&— SNR =10dB

—&— SNR =15 dB
—E— SNR =20 dB

| | |
0 5 10 15 20 25 30 35 40
Single Interferer Power [dB]

Fig. 3. MSE performance of LMMSE estimator for different single interferer power in ad hoc network

V. CONCLUSION

In this paper, afinite multi antenna ad hoc network with nodes distributed as a BPP is considered. Each node
of this network employs transmit antenna selection based on the channel gain. The LMMSE channel estimation
algorithm is developed to estimate the channel coefficients of finite ad hoc network with interference limited
environment. The proposed a gorithm includes derivation of average distance for the interferers. Simulations are
carried out to analyze the MSE performance of proposed LMMSE channel estimator for varying interferer
power and varying number of interferer nodes.
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