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Abstract - This paper considers joint optimization
of power and array weights for a set of interfering co-
channel links, given the desired capacity for each link.
All transmitters and receivers are assumed to have array
antennas. An iterative method for determining the link
parameters is given. In this method, the desired capac-
ities for the interfering links are the control parameters.
It is also shown that the iterative method does not max-
imize the network throughput. Reducing the number of
independent data streams for each link may enhance the
network performance.
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I. INTRODUCTION

Multiple-input multiple-output (MIMO), or array-to-
array, links are well known to provide extremely high
spectral efficiency in rich multi-path environments [1].
As the speed and density of integrated circuit technology
continue to increase, manufacturers have begun consider-
ing putting arrays on all sorts of user platforms that were
not previously considered because of their cost, from
homes for fixed wireless access to laptops and handhelds
for indoor and picocell wireless networks [2, 3].

This paper considers joint optimization of power and ar-
ray weights for a set of interfering co-channel links, where
all transmitters and receivers are assumed to have array
antennas. Flat-fading is assumed. Our present goal is
to understand the flexibility in such a network in order
to concisely quantify link control parameters that might
someday be used by resource allocation algorithms.
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Many studies consider a single point-to-point link, with-
out co-channel interference [4-6]. The problem of deter-
mining the capacity of a single MIMO link with fixed
interference is considered in [7,8].

With its ability to do spatial filtering at both ends, a
MIMO link can devote degrees of freedom in both its
transmitter and receiver to achieving a high capacity,
while limiting the interference caused at the receivers of
other links. This functionality requires that the trans-
mit array has channel information. For example, if there
are two interfering links with disparate quality of ser-
vice (QoS) requirements, the one with the lower QoS can
be forced to devote more of its transmitter resources to
avoid making interference on the high QoS link as well
as using more of its receiver resources to suppress the
interference caused by the high QoS link.

Some studies have considered joint optimization of sets
of co-channel links that interfere with each other. These
studies assume that only the base-station has an array
antenna; [9] considers the uplink and [10] considers the
downlink. In a few of these studies, iterative methods
are used to determine optimal power control and weight
adaptation [9,10]. Control over the spatial domain is
limited to only one end of the link in these link sets.

The capacity of each link and its optimum transmitter
signal vector correlation matrix are functions of the chan-
nel and the external interference at the receiver. Since
the external interference is affected by the transmitter
correlation matrices of the interfering transmitters, the
optimum transmission strategies and the capacities of all
links are mutually dependent.

In [11], a distributed iterative method was given to deter-
mine capacities of interfering links, for given total trans-
mitter powers and numbers of antenna elements. In that
paper, it was suggested that once the capacity versus
power tables were known, total transmitter powers for
the different nodes constituted a set of control parame-
ters. This paper introduces a different iterative method
for determining optimal transmitter correlation matri-
ces and receiver transformations for each link in a set
of interfering co-channel links. In this method, which is
also distributed in nature, the desired capacities for the
interfering links are the control parameters.



The rest of this paper is organized as follows: In Section
11, we review the MIMO water-filling solution assuming
additive Gaussian noise with fixed interference. Section
IIT introduces an iterative algorithm that gives the re-
quired transmit powers of a set of interfering MIMO links
given the desired capacities. The algorithm is compared
with that of [11] and results are illustrated. In Section
IV, optimality of the algorithms in terms of total network
throughput is discussed. It is shown that controlling the
number of independent data streams for each link en-
hances the network performance. Section VI concludes
the paper.

II. MIMO CHANNEL CAPACITY

In a flat-fading MIMO system, the channel capacity is
obtained by maximizing the mutual information between
the transmitted and received signal vectors, as

C = mgxlogQ I+HPH'|, (1)

where P is the transmitter signal vector correlation ma-
trix, or the power allocation matrix, normalized by the
received noise power on a single receive antenna element.
H is the complex channel matrix. Each element H(a, b)
of the channel matrix gives the complex channel gain
from antenna element b of the transmitter to antenna
element a of the receiver.

In open-loop spatial multiplexing, no channel informa-
tion is used at the transmitter and each antenna ele-
ment transmits a different data stream with equal power.
Specifically, setting P =(Pr/N)I, gives the best result
[4,12]. Here, Pr is the total transmitted power, normal-
ized by the additive noise power; and N is the number
of transmit antennas.

In closed-loop spatial multiplexing (CLSM), channel-
dependent matrix transformations in both the trans-
mitter and receiver decompose the matrix channel into
a collection of uncoupled parallel channels or “channel
modes”. The output of each transmit antenna is a linear
combination of the multiplexed signals. We use CLSM
in this paper, although open-loop and closed-loop give
the same result at high signal-to-noise ratio (SNR) [13].

Let the singular-value decomposition of H be denoted
as H = USV’ and the eigenvalue decomposition of P as
P = DXD’. Furthermore, let a*) and A\, k = 1,..K
be the non-zero eigenvalues of P and HH', respectively.
With the choice of D = V, the expression for the capac-
ity becomes
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With a total transmitted power of Pr, the classical
water-filling solution

(k) 17
o= lu- 5] @

maximizes the sum in (2) where []t indicates that only
non-negative values are acceptable, and p is chosen so
K
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The water-filling approach can be modified to accommo-
date fixed interference at the receiver of a link (repre-
sented by a covariance matrix, R) by “whitening the
channel matrix” first. Applying a spatial whitening
transform to the channel yields

H=[1+R] '/?H, (4)

which reduces the capacity relation to the simple form
in (1), with a substitution of H —H [7].

The whitening modifies the modes and robs gain from
them, so that the capacity of the link is less than it would
be without the interference. In the infinite interference-
to-noise (INR) case, whitening projects a square chan-
nel matrix onto a lower-dimensional subspace, thereby
simply reducing the number of available modes by the
number of interfering data streams [7].

III. DI1STRIBUTED OPTIMIZATION OF INTERFERING
LINK PARAMETERS

In a network with multiple interfering links, the interfer-
ence correlation matrix seen by each receiver array varies
with the transmitter correlation matrices of the interfer-
ing nodes. The whitened channel matrix, H, for a given
link is a function of the interference, R. The transmission
strategy, in turn, is dependent on the whitened channel
matrix. As a result, a change in the power allocation ma-
trix of one link induces a change in the optimum power
allocation matrix of the other co-channel links. There-
fore, the optimum transmission strategies and the capac-
ities of interfering co-channel links are mutually depen-
dent, and cannot be calculated directly.

An iterative method was introduced to determine opti-
mal transmitter correlation matrices and receiver trans-
formations in a network with interfering CLSM links
for given total transmitter powers [11]. At each iter-
ation, every transmitter-receiver pair optimizes its link
capacity for the measured interference at the receiver,
and its respective given total transmitted power. Each
link’s transmission strategy is determined according to
the water-filling solution given in (3) for the current spa-
tially whitened channel. Note that with this iterative al-
gorithm, optimal transmission strategies for a given link
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Fig. 1. A simple network with 4 nodes forming two interfering
links.

are found based only on the channel gains for that link
and the interference correlation matrix observed at the
receiver array for that link. The knowledge of the chan-
nel gains between other transmitter-receiver pairs is not
necessary.

In this paper we assume that the desired capacities are
given for the interfering MIMO links and we want to de-
termine optimal transmission strategies and the required
transmit powers. The transmitter node of one link tries
to minimize a measure of interference it causes at the
receiver of another; while aiming for the link’s target ca-
pacity. With this method, transmitter power of a link
is distributed to the channel modes in a way to least
degrade the other links. This method also tends to mini-
mize the total transmitter power required to achieve the
target capacity. For this method, it is necessary that a
transmitter node knows the channel with the receivers
that it interferes with, as well as the one that it aims to
communicate with.

We use an iterative algorithm to solve our optimization
problem. At each iteration, every transmitter-receiver
pair optimizes its link capacity for the measured channel
and interference conditions. This type of iterative algo-
rithm has been proven to converge for mobile users with
omnidirectional antennas and cellular base stations with
antenna-arrays [4].

For illustration, we look at the 4-node network of Fig-
ure 1. Suppose we would like to get the maximum ca-
pacity for link 1-2, and set a target capacity, Cr, for the
other link. In other words, link 1-2 maximizes its ca-
pacity using the water-filling based method given in [11]
for its fixed total noise-normalized transmit power, while
link 3-4 uses the interference-minimizing power alloca-
tion method to achieve its target capacity. The problem
to be solved to obtain the transmission strategy at node

3 can be stated as
s t. { Cas = Cr (5)

min trace [R3z] trace [Pg] < Paras

P3

R32 = H32P3Hj, is the correlation matrix of the in-
terference caused by node 3 on 2, and P3 is the power

allocation matrix of node 3. The subscripts of the chan-
nel matrix determine the end nodes. The eigenvectors of
the power allocation matrix should be aligned with the
right singular-vectors of the whitened channel matrix,
Hj3,. Therefore, with

Hys = [I+ Rua] /*Has = UssS34Viy, (6)
the power allocation matrix should be of the form
Ps = V3,455 Vi,, (7)

where S34 and X3 are diagonal. We would like to deter-

mine the powers to be allocated to the modes of link 3-4,
[agl), agQ), ceey oz:(,,K)]7 which are the non-zero elements of

3 3. The eigenvalues of ﬁ34ﬁ§4 are represented as XSZ).
The trace of the interference correlation matrix can be
written in terms of a3k as follows:

trace [Raz) = trace [H32\734E3\~7§4H32} (8)
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= trace [AX;)] (10)
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where A = Vj,HyoHgsVay, ay, is the k' diagonal ele-
ment of A, and we have used trace [AB] = trace [BA].
Therefore, our cost function at node 3 reduces to
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The solution is
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where 11 and s are constants chosen such that the con-
straints in (12) are satisfied.

Notice the similarity of this expression to the water-
filling solution in (3). Whereas we had a fixed maxi-
mum level, p, for all power coefficients of the channel
modes in (3), with this solution we have different maxi-
mum levels for each agk). Each of these levels depends on
the strength of the interference that the corresponding
channel mode causes.

Figure 2(a) shows the capacities of the two links for one
channel trial, as a function of the target capacity of link
3-4 (horizontal axis). The top two constant lines show
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Fig. 2. Dependence of the link capacities and required transmit
power of node 3 as target capacity of node 3 is varied.

the capacities of the two links for this channel trial in ab-
sence of any interference with 20dB noise-normalized to-
tal transmit powers. The two constant lines below show
the capacities of the links found by the power-controlled
algorithm of [11] for equal transmitter powers, when both
links are active. The line with the constant positive slope
is the target capacity of link 3-4. The decreasing curve
is the capacity of link 1-2. Observe that the capacities
found by the two methods are the same for the extreme
values of Cr. Figure 2(b) shows the total transmit power
required to achieve the desired target capacity. It can be
seen that as the target capacity of link 3-4 is increased,
the transmit power required at node 3 goes up. Conse-
quently, link 1-2 is degraded by more powerful interfer-
ence streams (by a larger number of streams, in some
cases), thus, its capacity decreases.

Although it was illustrated for only link 3-4, the new al-
gorithm can be employed at all links in a network to find
optimal transmission strategies and transmitter powers
when the desired set of capacities is given.

IV. NUMBER OF TRANSMITTED STREAMS

Both methods introduced in [11] and here are dis-
tributed; each link determines its own transmission strat-
egy based on the channel conditions. However, the cost
functions considered are not based on the total network
throughput, but on the powers and data rates of the indi-
vidual links. Although these iterative methods yield op-
timal points that allow multiple co-channel CLSM links
to operate simultaneously, they do not maximize the to-
tal network throughput. In some cases, limiting the num-
ber of streams transmitted, thus limiting the number
of interference streams created, may yield better per-
formance in the network level [14]. For independent
flat-Rayleigh fading wireless systems, the data streams
can be resolved effectively by linear methods if the num-
ber of data and interference streams is less than or equal
to the number of receive antennas [14,15].

Figure 3 shows each link’s capacity, for the network
shown in Figure 1, as the number of allowed streams is
varied. The capacities are obtained using the method in
[11], averaged over 1000 channel trials. 4-antenna arrays
are used at each node. The total transmit powers of both
links are 20dB. The highest capacity is reached when the
number of streams for each transmitter is limited to 2.
For this case, each link transmits through at most the 2
strongest channel modes. Each receiver receives at most
two streams of data and two streams of interference.

Similarly, with the capacity-control method introduced
in this paper, the required powers to obtain certain tar-
get capacities are lower when the number of streams is
limited to 2.

Both capacity allocation algorithms can be extended to
limit the number of channel modes used at each link
based on the number of transmitting nodes in the neigh-
borhood.

V. CONCLUSION

An iterative algorithm is presented to jointly optimize
the link parameters for a number of interfering MIMO
flat-fading links. Whereas in [11] transmit power is used
as the control parameter, with this approach the desired
capacities for the interfering links are the control param-
eters. It is shown that the two iterative algorithms can
be used jointly in a network to meet different data flow
requirements for each link.
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Fig. 3. Capacity vs. number of streams used at each link.

Although these iterative algorithms give link-optimal
parameters for interfering MIMO links, the network
throughput is not maximized. It is shown that reduc-
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the number of independent data streams for each
may enhance the network performance.
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