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Abstract: - Capacity of Multiple Input Multiple Output (MIMO) system degrades significantly in the presence
of interferences, especially in the presence of strong directional interferences in military communication
scenario. In this paper, the capacity of a MIMO system with directional interferences is investigated. The focus
is on the case where the channel state information (CSI) is known to the receiver but unknown to the
transmitter. Further, attention is restricted to narrowband MIMO system. The capacity of a MIMO system with
directional interferences is derived respectively for deterministic and random fading MIMO channels. And the
asymptotic lower limit in high interference-to-noise ratio (INR) is also analyzed. It is indicated that the
relationship between the numbers of receive antennas and interferences is critical to the capacity in high INR.
The number of receive antennas should be greater than that of interferences in order to ensure the system work
normally in high INR, and the corresponding capacity limit approaches the capacity of another MIMO system
using same number of transmit antennas and fewer receive antennas without interference. Moreover, the
impacts of the correlation and directions of the interferences on capacity are discussed respectively. It is
indicated that higher correlation and closer directions of the interferences both yields higher capacity. Monte
Carlo simulation results are given and well coincide with our theoretical analysis results.
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1 Introduction capacity under various propagation conditions, such
In recent years, Multiple Input Multiple Output as Ricean channels in [7]; correlated fading
(MIMO) technique using multiple antennas at both channels in [8]; and time varying channels in [9],
transmitter and receiver has attracted much attention this significant result has been extended. In addition,
owing to its promise of dramatic system the measurement, evaluation and optimization of
performance and capacity gains [1~3]. It is widely MIMO cha_nnel capacity are also !nvestlgated. In
considered as a promising technique in the next [10], capacity measurements for wideband MIMO
generation communication system and has been channels in indoor ~office environment were
widely adopted in various wireless communication performed for different propagation conditions. The
standards, such as the 3GPP cellular standard [4], genetic  algorithm  technique was applied for
WIMAX (IEEE 802.16) [5], and IEEE 802.11n [6]. optimization process of channel_capacny for indoor
Besides in wireless commercial communication MIMO system in [11]. And in [12], the vector
realm, MIMO technique is also attractive for parabolic equation method was used to investigate
military communication systems to provide the capacity of MIMO systems in indoor corridors.
communication reliability as possible. In a _practlcal scenario, unfortunately, there are
There has been a great deal of studies on the many kinds of interferences such as co-channel
capacity of MIMO system. For single user !nterfgrenqe, dlrectlona'l mten_‘e_rence (mclu_dmg
communications over the Rayleigh fading channel, jamming interferences in a military application),
Telatar [2], Foschini [3], etc. proved that the which degrade the capacity of MIMO system
capacity can be multiplied several times by using significantly or even make MIMO system fail to
MIMO technique under independence assumptions transmit useful information. _
for the fades and noises. By investigating MIMO The capacity limits of MIMO system with co-

channel interference has been investigated in many
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references [13~15]. It is concluded that MIMO
system provides higher capacity with fewer co-
channel interferences each with higher power than
with more ones each with lower power in [13]. And
in [14], a rigorous explanation of this conclusion is
provided. The optimum signaling scheme for
capacity of narrowband MIMO system with co-
channel interference was considered in [15], where
there is no channel state information (CSI) at the
transmitter, but CSI is assumed at the receiver.
However, even though directional interference
exists widely, literatures focusing on the capacity of
MIMO system with directional interference are
limited in recent work. In this paper, the capacity of
a MIMO system with directional interferences is
investigated. The MIMO system is restricted to
narrowband system. With the assumption that CSI is
known to the receiver but unknown to the
transmitter, the capacity of the MIMO system with
directional interferences is derived for both
deterministic and random fading channels in detail.
And we also analyze the asymptotic lower limit on
capacity in high interference-to-noise ratio (INR)
since the power of directional interference is often
much higher than that of noise. For a MIMO system

using N; transmit antennas and N, receive

antennas with N directional interferences in high

INR, the analysis in this paper indicates that the
relationship between the numbers of receive
antennas and interferences is critical to the capacity
in high INR. When the number of receive antennas
is less than or equal to that of interferences, i.e.,
Np <N, , the capacity limit in high INR

approaches zero. And when the number of receive
antennas is greater than that of interferences, i.e.,
N; >N, , the capacity limit in high INR
approaches the capacity of another MIMO system
using N transmit and (N — N ) receive antennas

without interference. Therefore, the condition
N > N, should be satisfied in order to ensure the

MIMO system with directional interferences work
normally in high INR. Moreover, the impacts of the
correlation and directions of the interferences on
capacity are also discussed respectively. It is
indicated that higher correlation and closer
directions of the interferences both yields higher
capacity. Monte Carlo simulation results are given
and accord well with the theoretical analysis results.

The remainder of this paper is organized as
follows: In section 2, the system model for a MIMO
system with directional interferences is introduced
briefly. In section 3, the capacity of a MIMO system
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with directional interferences is derived in detail for
both deterministic and random fading channels.
Then, the asymptotic lower limit on capacity in high
INR, the impacts of the correlation and directions of
the interferences on capacity are further analyzed
respectively in section 4 and 5. Monte Carlo
simulation results are given in section 6. Finally, We
conclude the paper in section 7.

2 System Overview

Consider a narrowband N; x N, MIMO system
with N, directional interferences as shown in Fig 1.
Denoting the transmitted signal vector at time

periods t by s=[sl,s2,-~sNT ]T Usually, it is

assumed that the entries of s have zero mean. In
order to constrain the total average energy
transmitted over a symbol period, the covariance
matrix of the transmitted signal vector s

R, =E(ss" ), should satisfy Tr(R,)=N, where

Tr (+) denotes the trace of a matrix.

The MIMO channels between the transmitter and
receiver can be described by a matrix H of
dimension N, x N, . Here, we restrict the MIMO

channels to quasi-static, frequency-flat Rayleigh
fading channels. The entries of H |, [H]n wo

represents the channel coefficient between the n,th
transmit antenna and the nith receive antenna for
n =1 2, ..., N; and ny, =1, 2, ..., N;.
Denoting the transmitted interference vector at
time periods t by z=[zl,zz,---,zNJ ]T , Where Z;,
1=12,---,N; , represents the interference

transmitted from the jth directional interference

source, and is assumed to be zero mean circularly
symmetric complex Gaussian (ZMCSCG) random
variables with unit variance.

—» Transmitter Receiver L

Fig.1 A Nr<Nr MIMO system with N; directional
interferences

Issue 11, Volume 9, November 2010



WSEAS TRANSACTIONS on COMMUNICATIONS

The interferences may suffer scattering since
there are often rich scatterers around the receiver.

Assumed that the direct component P, of the jth

directional interference arrives at the receiver
directly from 6;, and the rest scattering component

P suffers Rayleigh fading and arrives at the

receiver in scattered paths for j=1,2,---,N;. Then,
the transmission vector of the jth directional
interference, g, , can be modelled as follows

K. 1
i a(0)+ -2 .5
K, +1 al J)+\/Kj+1 8w

j=12,---N,

where a(@;) is the directional vector of the jth

g, =

interference, g, represents the scattered paths of the
jth interference which has independent and
identically distributed (i.i.d) ZMCSCG entries with
unit variance, and K; is the Ricean factor of the
jth directional interference and is given by the ratio
of the power in direct component PDj to the power
in scattering component Py, i.e.,

<o
Ps;
Assume that pulse shaping, match-filtering and
sampling are all optimal, therefore, the N, x1

vector of received complex base band samples after
matched filtering becomes

y= ® Hs+G®z+n
NT
= iHs+j+n
NT

where p is the signal-to-noise ratio (SNR), n is the

noise vector of dimension N x1. Usually, it is

assumed that the channel matrix H and the noise
vector n have i.i.d ZMCSCG entries with unit
variance and are themselves mutually independent.
And the term j=G®z represents the received

interference  vector. The matrix ® is a
N, x N, diagonal matrix, where[®]. . = [n; and
n; INR of the jth directional

interference for j=1, 2, ..., N, . The matrix G of
dimension N x N, represents the transmission
matrix of the directional interferences, where
G:[gl,gz,---gNJ ] And the entries of the vector

j:1,2,"',NJ .

)

denotes the
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z are assumed to be independent from those of the
channel matrix H and the noise vector n. The
covariance matrix of the received interference
vector jis given by

R; =E(jj" )=G®R,®G", (3)

where R,, = E(zz" ) is the covariance matrix of the

interference sources. And the entries of R

zz !

[RZZ]jq , represents the correlation coefficient

between the jth interference source and the gth
interference source for j,q=1, 2, ..., N,.

3 Capacity of MIMO System with

Directional Interferences

In this section, the capacity of a MIMO system
with directional interferences is derived in detail for
both deterministic and random fading channels with
the assumption that the channel matrix H and the
transmission matrix G are known to the receiver but
unknown to the transmitter.

First, assume that the channel matrix H and the
transmission matrix G are both deterministic. The
capacity of MIMO system is defined as the
following expression [2~3, 16]

C= nf1(a;< 1(s,y), 4)

where f(s) is the probability distribution of the

transmitted signal vector s , and I(s,y) is the

mutual information between the vectors s and y .
Note that

I(s.y)=H(y)-H(y]s), (5)
where H(y) is the differential entropy of the

received signal vector y , while H(yls) is the

conditional differential entropy of the received
signal vector y, given knowledge of the transmitted

signal vector s. Usually, the received interference
vector j and the noise vector n are both

independent from the transmitted signal vector s,
then we have H (y[s)=H (j+n) . Therefore, (5)
simplifies to
I(s,y)zH(y)—H(j+n). (6)
According to the nature of the Gaussian
distribution [17], H (y) and H (j+n) are given by:
H(y)=log,det(zeR,,) bps/Hz, (7)

H(j+n)=log,det(zeR,,) bps/Hz, (8)
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where R, is the covariance matrix of the received
signal vector y, and R,, is the covariance matrix of
the combined the received interference vector j
plus the noise vector n. The matrices R, and R,
are respectively given by

R, =E(yy" )=NLHRSSHH +R,,

T

~E{(j+n)(i+n)"}=GOR,®G" +1, . (10)

9)

Note that the covariance matrix R,, is positive

definite matrix. Then, 1(s,y) in (6) reduces to

(s,y)= Iogzdet(l +|\/1)HR H'(R,) jbps/Hz (11)

Therefore, it follows from (4) that the capacity of
the N; xN; MIMO system with N, directional

interferences is given by:
det(INR +ﬁHRssHH (gn)’lprs/Hz (12)

Note that @ — 0 as the INR of each interference
approaches zero, ie., n7; >0 for j=1,2,---,N,

C=_max log,

TH(R =Ny

Hence, according to (10), the matrix (Rjn)fl

approaches
-1 H -1
(R,) -(GoR, 06" +1,,) 1,
as ;>0 for j=12-N, . (13)

And the capacity in (12) approaches

C— inax, Iogzdet(l +NLHR H”jbps/Hz
as ;>0 for j=12,---,N,, (14)

which is the capacity of a N; x N, MIMO system

without interference for AWGN channels given in
[2~3]. This conclusion is consistent with intuitive
inference.

3.1 Capacity of Deterministic Channels

When the channel matrix H and the
transmission matrix G are both deterministic and
completely unknown to the transmitter, the

transmitted signal vector s may be chosen to be
statistically non-preferential, i.e.,
R, =1, (15)
This implies that the signals are independent and
allocated equal power at the transmit antennas.
Substituting (15) into (12), the capacity of the
MIMO system with directional interferences for
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deterministic channels in the absence of CSI at the
transmitter is given by

C:Iogzdet(l +N£HHH( .) jbps/Hz (16)

Note that the eigen decomposition of the
covariance matrix R, [18] is in the form of

H
R, =UDU", (17)
where D is a N x N diagonal matrix, which is
given by

=diag(4,,5,,+-dy, ). (18)

And 6,26, 2---26, 21 are the eigen values of

the covariance matrix R,

N, x N unitary matrix consisting of the eigen
vectors of R, . Itis not difficult to obtain the form

, and the matrix U is a

of (Rjn )71 from (17)
(R,) =UD UM, (19)
Using (19) and the following identity
det(I,+AB) = det(I,+BA), (20)

for matrices A(mxn) and matrix B(nxm) , the
capacity of the MIMO system with directional
interferences for deterministic channels in the
absence of CSI at the transmitter in (16)
equivalent to

C =Iogzdet(lN I\f HH D‘ll bps/Hz (21)

where H is defined as
=U"H. (22)

Note that the column vectors of the matrix U is
the eigen vectors of the covariance matrix R

jn 7
H can be viewed as the modified version of the
channel matrix H incorporating interferences and
noise. According to the nature of Gaussian
distribution [17], the entries of the matricesH and
H have same statistical characteristics since the
matrix U is a unitary matrix. Therefore, the entries

of the matrix H , [I:I] _are i.i.d ZMCSCG
NR.Nr

variance for

Ny.

with  unit
N; and ng =1, 2, ...,

random  variables
n =1 2, ...,

3.2 Capacity of Random Channels

There are two commonly used statistics to
describe the capacity of random channels. One
statistic is the ergodic capacity [2~3,16], the other
statistic is the outage capacity [2,16]. The ergodic
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capacity of a MIMO channel is the average of the
ensemble average of the information rate over the
distribution of the channel matrix H , and the
outage capacity is used to describe the information
rate that is guaranteed with a certain level of
reliability. In this paper, the former statistic, i.e.,
ergodic capacity, is used in the discussion of the
capacity of MIMO system with directional
interferences for random channels.

When the channel matrix H and the
transmission matrix G are both random and ergodic,
according to the definition of the ergodic capacity
given in [2~3], the ergodic capacity of the MIMO
system with directional interferences for random
channels is the ensemble average of (12) over the
distribution of the entries of the matrices H and G .

Similar to the case that the channel matrix H
and the transmission matrix G are both
deterministic, the covariance matrix of the
transmitted signal vector s, R, is chosen to be the

identity matrix when the matrices H and G are
unknown to the transmitter. Therefore, the
corresponding ergodic capacity of the MIMO
system with directional interferences for random
channels in the absence of CSI at the transmitter is
given by the ensemble average of (16) or (21) over
the distribution of the entries of the matrices H and
G,ie,

Cere = E(C)

= E(Iogz det(INR +N£HH” (R, )j} bps/Hz, (23)
T

or
Cere =E(C)

- E(Iogz det[INR +Niﬁﬁ“D‘1N bps/Hz . (24)
T
where E(+) denotes expectation operation.

Since the capacity of deterministic channels in
(16) or (21) can be viewed as a special case of the
ergodic capacity of random channels in (23) or (24),
we will focus on the ergodic capacity of random
channels in the following discussions.

4 Asymptotic Lower Limit
Capacity in High INR

Usually, in military application, the power of
directional interferences is much stronger than that

of noise, i.e., n; —>+o, for j=1,2,---,N, . Therefore,

on

it is necessary to analyze the capacity limit in high
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INR. The interference sources are assumed to be
uncorrelated, i.e., R, =1 .

It is not difficult to obtain the form of D™ from
(18)

D =diag(5%,5,% 5 ). (25)

When the number of receive antennas is less than

or equal to that of interferences, i.e., Ny <N, , itis

observed from the definition of U as an unitary
matrix that any increase in the INR of the kth
interference 7, will result in an increase of the

eigen values 5, of the covariance matrix R, for

k=12,---,N;. Therefore, according to (25), as the

INR of each interference approaches infinite, i.e.,
1, — +oo for k=1,2,---,N;, we have

51—>0
D =diag(5;",8,",+-8,. ) >0, (26)

and the ergodic capacity in (24) decreases gradually
and approaches

Cone = E(Iog2 det(INR +EFII?I”D1D—>Obps/ Hz. (27)

And when the number of receive antennas is
greater than that of interferences, i.e., N; > N, , the
matrix D is in the form of

D =diag(5,,0, 8y, 11--1). (28
Thus, D™ is given by
D =diag(5;",5,", 0 11--.1) . (29)

Similarly, increasing the INR of the kth
interference 7, will increase the eigen values o, of

the covariance matrix R, for k=1,2,---,N;, but
for k=N, +1---,N, 8 will remain fixed at unity.
Therefore, according to (29), as the INR of the

kth interference 7, — 4w for k=1,2,---,N, , we
see that
50,
(1)-1)k -0, (30)

where (D’l)k denotes the kth column of D™, and

the ergodic capacity in (24) decreases gradually and
approaches

Cer = E(Iogzdet(INR +N£ﬁlfl”D1B

T

- E[Iog2 det(lNR +N£HPHE D bps/Hz, (31)
T
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where H, is a (N —N;)xN; matrix, which is
given by
H,=U'H. (32)
And U, is a Ng x(Ng —N;) matrix consisting of
the basis vectors of noise subspace, which can be
obtained by partitioning the unitary matrix U in (19)
into two sub-matrices as follows
u=[u; u,], (33)

where U, is a Ny xN; matrix consisting of the

)
basis vectors of interferences subspace .

Obviously, the entries of the matrix H, are i.i.d
ZMCSCG random variables with unit variance,
which can be used to describe the channel matrix of
another N; x(Np—N;) MIMO system without
interference under Rayleigh fading propagation
condition. Therefore, under Rayleigh fading
propagation condition, the capacity limit of the
N; xN; MIMO system with N, directional
interferences in high INR given by (31) approaches
the capacity of another N;x(N;—N;) MIMO

system without interference when N, >N, .

According to the above analysis, we get the
following conclusions. Under Rayleigh fading
propagation condition, the relationship between the
numbers of receive antennas and interferences is
critical to the capacity of a N; x N; MIMO system
with N, directional interferences in high INR.
When the number of receive antennas is less than or
equal to that of interferences, i.e., Ny <N, , the
ergodic capacity limit in high INR approaches zero
and dose not be improved as SNR increases. In this
case, the information can not be transmitted reliably.
And when the number of receive antennas is greater
than that of interferences, i.e., N; > N, , the system
will be able to support some capacity, and the
corresponding capacity limit in  high INR
approaches the capacity of another N, ><(NR - N, )
MIMO system without interference. Therefore, the
condition N, >N, should be satisfied in order to

ensure the MIMO system work normally in high
INR.

5 Impacts of the Correlation and

Directions of the interferences

In this section, the impacts of the correlation and
directions of interferences on capacity are analyzed,
respectively. In the following, it is also assumed that
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the matrices H and G are known perfectly to the
receiver and unknown to the transmitter, and that
the number of receive antennas is greater than that
of interferences.

5.1 Impact of the Correlation of the
Interferences

The correlation of the interferences indicates the
correlation of the interference sources in this paper.
When the interferences are correlated, the matrix
R,, is not the identity matrix, and the matrix R;,

will be affected.

According to (23), in high SNR, the
corresponding ergodic capacity of the MIMO
system with directional interferences for random
channels in the absence of CSI at the transmitter can
be written as

Cene = E (Iog2 det[iHHH n
N,

—E(Iogzdet(Rjn)) bps/Hz . (34)
Let

Q=E(log, det(R,,)) - (35)

As we know that the covariance matrix R,

jn

is
positive definite matrix. Hence, we have Q>0 .
Substituting (10) into (35), we have

Q=E(log, det(I,, +GOR,®G")). (36)

From (36), it is clear that when the transmission
matrix G is unknown to the transmitter, the value

of Q is maximized by choosing R, =1y, , so that

the ergodic capacity in (34) is minimized. Therefore,
we get the conclusion that the correlation of the
interferences has positive impact on capacity, i.e.,
higher correlation of the interferences yields higher
capacity.

5.2 Impact of the Directions of the
Interferences

We focus on the case that the transmission
matrix G consists of the direct component only, i.e.,

the Rican factor KJ. —+o0, for j=1,2,---,N,. It is

assumed that the directional interferences are
uncorrelated.
When there is only one directional interference

from &, the covariance matrix R,, in (10) becomes

R, =7a(6)a(8)" +1, . (37
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According to (28) and (33), the corresponding
unitary matrix U and the diagonal matrix D are
respectively in the form of

=diag(s,,1,--1),

U=[uw, U,].
where u, is the eigen vector of R, ,

(38)
corresponding
to the maximal eigen value ¢, . Note that

R (@ ) i ©9

Obviously, (771‘

H +1) is the maximal egien

91

value of R, , and Ha—“ is the corresponding

jn !

egien vector of R, . Hence, we have

& =mla(e)] +1.
a(6,)
")

Then, from (38) and (40), D™ becomes
D =diag ((771 “a(@l)“z +1)—1 ,1,...,1] . (41)

It is indicated from (41) that the value of & dose

not affect the matrix D™'. Hence, according to (24),
the ergodic capacity of the MIMO system with only
one directional interference from &, for random
channels is independent from &, , i.e., the
corresponding ergodic capacity is not affected by
the value of 4, .

When there are more than one directional
interference, i.e., N, >1, the covariance matrix R,,

(40)

in (10) becomes

Z(N;J,,ja(ej)a(aj)“jum. 42)

Since the directional vectors of different
interferences are correlated, the corresponding
unitary matrix U and the diagonal matrix D are both

affected by the values of 6, , j=12,---N,

Intuitively, the N, interferences will appear to be
just one, higher power, interference by simply sum
from the receiver’s point of view as the directions of
these interferences are close enough. Therefore, it is
plain that the ergodic capacity of a MIMO system
with N; ( N, >1) directional interferences for
random channels increases as the directions of the
interferences get closer.
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6 Simulation Results

In this section, Monte Carlo simulations are
carried out to verify the above theoretical derivation
and analysis results. In the following simulations, a
4x3 MIMO system is adopted. The MIMO channels
are assumed to be Rayleigh fading channels. And
we used 10000 instantiations of the channel matrix
H and the transmission matrix G . It is assumed
that the matrices H and G are known to the receiver
but unknown to the transmitter.

Firstly, we focus on the impact of directional
interference on capacity. The ergodic capacity
curves for cases of only one interference where
6, =—20Deg and two interferences where

6,=—-20Deg and 6&,=40Deg are shown in Fig.2.

The INR of all the interferences are the same and set
as 0dB, 10dB, and 20dB in order. The Ricean factor
of all the interferences is fixed at 6. The
corresponding cumulative distribution (CDF) curves
of information rate when p =25dB are shown in

Fig.3. It can be seen from Fig.2 and Fig.3, the
capacity of a MIMO system with interferences
decreases obviously compared with that of a MIMO
system without interference. Moreover, the capacity
decreases with increasing INR and also with
increasing the number of interferences.

Secondly, we turn to testing the asymptotic lower
limit on capacity in high INR. There are four cases.
The first case is that there is only one interference
from 6= —20Deg . The second case is that there are

two interferences from §,=—20Deg and ,= 40Deg .
The third case is that there are three interferences
from 6,=-20Deg , 6,=40Deg and &, =70Deg .
And the last case is that there are four interferences
from 6,=—-20Deg , 6,=40Deg , 6,=70Deg , and
6, =-50Deg . The INR and Ricean factor of all the

interferences are set as 40dB and 6 respectlvely
40 T T

—6—1 |men‘erence IMR= DdEl : : : .

35 | —#— 1 interference, INR=10dB | ER— b
—&— 1 interference, INR=20dE : : :

—HB—2 interferences INR=0dB

—&— 2 interferences, INR=10d4E

—%— 2 interferences, INR=20dB

M — — -nointerference :

(]
(]
N

ou)
(3]

200

Ergodic capacity (bps/Hz)

N - s : i i i i i
-10 -5 1] 5 10 15 20 25 30 35 40
SNR (dB)

Fig.2 Capacity of a 4x3 MIMO system with
directional interferences
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The curves of the capacity limit in high INR are
shown in Fig.4. And the capacity curves of a 4x2
MIMO system and a 4x1 MIMO system without
interference are also given as reference. From Fig.4,
it is obviously that the curves of the capacity limit of
the 4x3 MIMO system in the cases of only one
interference and two interferences in high INR
respectively coincide with the capacity curves of the
4x2 MIMO system and the 4x1 MIMO system
without interference. It is consistent with the
conclusion drawn in section 4 that in Rayleigh
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MIMO channels environment, the capacity limit of
a N; xN; MIMO system with N, directional
interferences in high INR approaches the capacity of
another N; x(N;—N;) MIMO system without

interference when N, > N, . Moreover, the capacity
limit of the 4x3 MIMO system in high INR in the
cases of three interferences and four interferences
are both very close to zero and can not be improved
as SNR increases. It is also consistent with the
conclusion drawn in section 4 that the capacity of a
N; xN; MIMO system with N, directional
interferences in high INR approaches zero when
N, <N, . Same conclusions also can be drawn by
observing the CDF curves of information rate with a
SNR of 25dB as shown in Fig.5. Therefore, in order
to ensure the MIMO system work normally in high
INR the condition that N, > N, should be satisfied
as the conclusion drawn in section 4.

Thirdly, we turn to testing the impact of the
correlation of the interferences on capacity. In the
simulation, there are two interferences where
6=-20Deg , 6,=40Deg , K,=K,=6 and
n,=n,= 20dB, the ergodic capacity is simulated for
the cases as follows:

Case A: two Interferences are independent to
each other, i.e., R, = INJ :

Case B: two Interferences are correlated, where

1 0.7]
RZZ =
107 1|
Case C: two Interferences are correlated, where
1 0.9]
RZZ =
109 1

Case D: two Interferences are correlated, where

1 099
RZZ =
[0.99 1 }

a0

—&— Case A

25+

.l
(]

o

Ergodic Capacity (bps/Hz)
m

SMR (dB)
Fig.6 Impact of the correlation of the interference on
capacity
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The corresponding results are shown in Fig.6.
And Fig.7 shows the CDF curves of information
rate with a SNR of 25dB for the above four cases. It
can be seen from Fig.6 and Fig.7 that higher
correlation of the interference yields higher capacity,
which is consistent with the conclusion drawn in
section 5 that the correlation of the interferences has
positive impact on capacity.

Finally, the impact of the directions of the
interferences on capacity is explored. In the
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simulation, p=25dB . It is assumed that the

transmission matrix of the interferences, G ,
consists of the direct component only. Fig.8 shows
how the ergodic capacity varies with the directions
of the interferences. There are two cases. One is that
there is only one interference where 7, =20dB and

6, changes from —85Deg to 85Deg . The other is
that there are two interferences  where
n=n,=20dB , 6, is fixed at —20Deg while 6,
changes from —85Deg to 85Deg . And the CDF

curves of information rate in the case of two
interferences are given in Fig.9. It can be seen from
Fig.8 that the ergodic capacity in the case of only
one directional interference from &, is not affected

by the value of @, which is consistent with the

conclusion drawn in section 5 that the ergodic
capacity of a MIMO system with only one
directional interference for random channels is
independent from the direction of the interference.
Moreover, we can see from Fig.8 and Fig.9 that the
ergodic capacity increases as 6, approachesd, in the

case of two interferences. This also well accords
with the conclusion drawn in section 5 that the

ergodic capacity of the MIMO system with N,

(N, >1) directional interferences increases as the
directions of the interferences get closer.

7 Conclusion

In directional interference scenario, the capacity
of a MIMO system for deterministic and random
fading MIMO channels is given through theoretical
derivation in this paper, focusing on the case where
the CSI is known to the receiver but unknown to the
transmitter. The asymptotic lower limit on capacity
in high INR is also analyzed. It is indicated that the
relationship between the numbers of receive
antennas and interferences is critical to the capacity
in high INR. In order to ensure MIMO system with
directional interferences works normally in high
INR, the condition that the number of receive
antennas is greater than that of interferences should
be satisfied. Otherwise, the directional interferences
with high INR will cause the capacity approaches
zero. When the condition is satisfied, the
corresponding capacity limit of the system
approaches to the capacity of another MIMO system
using same number of transmit antennas and fewer
receive antennas without interference. In addition,
the impacts of the correlation and directions of the
interferences on capacity are further analyzed. It is
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seen that capacity increases as the correlation gets
higher and the directions of the interferences get
closer. Monte Carlo simulation results are given and
well coincide with the theoretical analysis
conclusions.
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