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Capacity of Distributed MIMO with Finite Size
Hamid R. Sadjadpour†, J.J. Garcia-Luna-Aceves‡, Mingyue Ji†

Department of Electrical Engineering† and Computer Engineering‡

University of California, Santa Cruz, 1156 High Street, Santa Cruz, CA 95064, USA

Abstract—Previous work has shown that distributed cooper-
ative MIMO systems (e.g., the hierarchical MIMO cooperation
scheme) can provide large gains in capacity if the size of the
MIMO systems is a function of the total number of nodes in
the network (n). However, no results have been reported on
the scaling laws of distributed cooperative MIMO systems when
the number of transmit and receive antennas are of nite size,
which is the case in real networks. This paper uses the extended
network model to demonstrate that, if the size of distributed
MIMO systems is restricted to a nite size, then there is at
most a constant gain compared to point-to-point communications.
Opportunistic interference management (OIM) is introduced as
an alternative to distributed MIMO, and it is shown that it
provides higher order gains than distributed cooperative MIMO
systems under the same assumption of having a nite number of
transmit and receive antennas. More specically, OIM achieves
a throughput capacity of C1(n) = !

!
D

log log 2
! log n

!
n log n

"
in fading

channels when the transmission range T (n) is "
!#

2
! log n

"
,

where ! is a constant parameter close to zero. This constitutes
an order gain of !(log log 2

! log n) compared to point-to-point
communications and distributed MIMO systems! Given that it
is much easier to implement OIM schemes than distributed
cooperative MIMO systems, these results indicate that OIM is a
far better choice to making wireless ad hoc networks scale than
distributed cooperative MIMO systems.

I. INTRODUCTION

The scaling laws of wireless networks have been studied
extensively in the past. Gupta and Kumar [1] evaluated the
capacity of wireless networks with uniform trafc and showed
that the capacity scales as !

!"
n

logn

#
. This result was

achieved by considering no cooperation among nodes with
simple point-to-point communication. Özgür et al. [2] showed
that hierarchical MIMO cooperation, which is a special case
of distributed cooperative MIMO systems, achieves the op-
timum capacity of !

$
n1!!

%
, where ! is any small positive

constant. The hierarchical MIMO renders a total capacity for
the network that scales linearly with n.

These positive results on the scaling laws obtained with
virtual MIMO systems are very exciting; however, their limi-
tation is that all these results rely on the assumption that the
number of antennas used by the cooperative MIMO systems
is a function of the total number of nodes in the network (n).
Clearly, such an assumption is not practical. However, there
has been no prior work addressing the scaling laws of wireless
networks using distributed MIMO systems of constant size,
and whether they can still provide order gains in capacity.

The rst contribution of this paper consists of showing that
the capacity gains attributed to distributed MIMO systems van-
ish as n increases when the number of antennas used for the
distributed MIMO is constant, and that any capacity increase
due to distributed MIMO reduces to a constant gain compared
to the capacity obtained with point-to-point communication.
Section II presents the assumptions and denitions used in our
analysis. Section V provides the upper bound of the throughput
capacity attained in a wireless network with distributed MIMO
systems [2] and Section VI presents the order capacity of
wireless networks when multihop communication is used.

Given these negative results for distributed MIMO systems
of constant size, the question arises as to whether order
capacity gains can be attained in practice by the use of a
constant number of antennas. Addressing this question requires
addressing different approaches for the exploitation of multi-
user diversity. Recently, Zheng et. at [3] introduced oppor-
tunistic interference management (OIM) as a new approach to
attain higher capacity in wireless networks by means of multi-
user diversity; however, their analysis was also limited to the
case in which the number of cooperating nodes is a function
of n and hence it cannot be concluded from these results that
OIM should provide any order gains in capacity when the
number of cooperating nodes is xed. The second contribution
of this paper consists of analyzing the capacity gains attained
using OIM when nodes have a nite number of antennas,
which requires that nodes coordinate with one another in small
groups compared to n. Section III summarizes the operation of
OIM for convenience, and computes its throughput capacity in
cellular systems. Section IV provides the throughput capacity
computation for the case in which OIM is applied to wireless
ad hoc networks. The results show that, compared to traditional
point-to-point communication, OIM attains capacity gains of
at least !

$
log log 2

! logn
%

when the number of transmit and
receive antennas remains constant as the number of nodes in
the network increases.

Section VII provides our conclusions. Given that OIM is
far simpler to implement than distributed MIMO, and in fact
has a complexity comparable to that of traditional point-to-
point communication, the results presented in this paper open
up attractive areas of research focusing on the analysis and
design of protocols and techniques for wireless networks that
take advantage of OIM, and have the potential of large capacity
gains compared to distributed MIMO techniques.

978-1-4244-9538-2/11/$26.00 c! 2011 IEEE
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II. WIRELESS NETWORK MODEL

We consider a network with nodes uniformly distributed in a
network whose shape is a square with a side length of

!
n and

an area equal to n. This is called the extended network model.
The bandwidth of the network is assumed to be a constant
W Hertz. Each node has a transmit power of magnitude P ,
and the source-destination pairs are selected randomly in the
network.

The complex channel gain between nodes i and k at time
m is given by

Hik[m] =

!
Gh exp(j"ik[m])

d
"
2
ik

. (1)

dik is the distance between nodes i and k, "ik[m] is the random
phase at time m, which is uniformly distributed between
[0, 2#]. For all pairs of i and k, "ik[m]s are independent
and identically distributed (i.i.d.) random variables. Note that
"ik[m] and dik are assumed to be independent. The parameters
G and $ > 2 are constant values. The channel parameter H
is assumed to be Rayleigh fading and is always known to the
receiver. The received signal by node i at time m is given by

Yi =
n&

k=1

Hik[m]Xk[m] + Zi[m], (2)

where Xk[m] is the transmitted signal by node k at time
m and Zi[m] is white circularly symmetric Gaussian noise
of variance N0. The notations Ki and Ci for any integer i
represent constant values in this paper. It is worth noting that
the assumptions we make about the channel are very much
the same to the ones used by Özgür et al. [2], except for the
amplitude fading assumption.

Since the wireless channel is assumed to be Rayleigh fading,
the distribution of SNR denoted as z is given by

p(z) =
1

%
exp

!
" z

%

#
u(z) (3)

where u(z) is the unit step function, z is the SNR value,
EH(z) = %, and VarH(z) = %2.

Since for computation of throughput capacity for distributed
cooperative MIMO we need some results from OIM, we rst
describe OIM and its throughput capacity in cellular and ad
hoc networks. We will then compute the throughput capacity
for distributed cooperative MIMO systems.

III. OPPORTUNISTIC INTERFERENCE MANAGEMENT

We assume the same transmission scheme for OIM as
described by Zheng et. al [3]. Our main contribution is the
computation of scaling laws for wireless ad hoc networks
when the size of transmitter and receiver nodes in a group
is constant value which is more practical than asymptotically
innite size. In the following, K , m " K , and D denote
the number of antennas at the base station, the number of
mobile users in a cell, and the average number of transmit
antennas with OIM capability. Note that D has a nite value;
SINRtr, SNRtr, and INRtr denote the thresholds for signal-
to-interference and noise ratio (SINR), signal-to-noise ratio
(SNR), and the interference-to-noise ratio (INR), respectively.

A. Scheduling Approach

Fig.1 shows the system considered for OIM scheme in
wireless cellular networks. Without loss of generality, we
assume that the receivers R(i) = i for i # [1, 2, . . . , D] have
OIM capability in Fig.1. In this gure, a solid line and a dotted
line represent a strong and weak channel between transmitters
and receivers, respectively. For any time slot T, we can prove

[ ]( )m K K! "H

 
 

//

Fig. 1. Opportunistic Interference Management System Model

that there are on average D potential mobile users that satisfy
the OIM condition, where D $ K is a nite number. During
the rst phase of communication, the K base station antennas
sequentially transmit pilot signals. In this period, all m "K
mobile nodes listen to these known messages. After the last
pilot signal is transmitted, all of the mobile nodes evaluate
the SNR for each of the K received pilot signals. If the
SNR for only one transmitter is greater than a pre-determined
threshold SNRtr and below another pre-determined threshold
of INRtr for the remaining K " 1 transmitters, that particular
receiver selects that particular transmitter. In the second phase
of communication, the receivers notify the transmitters that
they have the required criterion to receive packets during the
remaining time period of T. If appropriate values for SNRtr

and INRtr are chosen, such that SNRtr % INRtr, then the
transmitters can transmit different packets to different receivers
concurrently. The receivers only receive their perspective pack-
ets with strong signal and can treat the rest of packets as noise.
In this procedure, Gaussian coding is used in each transmitter.
The value of SNRtr (or INRtr) can be selected as high (or
low) as required for a given system as long as m is large
enough. We will show their relationship in details later. Note
that there is no guarantee that there are K mobile users with
OIM capability. In practice, the number of mobile users with
OIM capability as described above is a random variable and
the average number of mobile users with this capability is
dened as D.

In the following analysis, we will compute the achievable
throughput in our cellular network setting and demonstrate that
there are at least D receivers satisfying OIM condition among
m"K mobile nodes with probability 1 asymptotically, for any
given value of D $ K , a fading parameter %, and an SINRtr

requirement.
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B. Theoretical Analysis

Since we mainly consider a cellular system for this part
of analysis, the distance term of dik in (1) is ignored here
because we assume all mobile nodes have approximately the
same distance from the base station. Dene SNRiR(i) and
INRjR(i) as the signal-to-noise ratio and interference-to-noise
ratio between transmitters i and j, where j &= i and receiver
R(i), respectively. The objective of OIM is to nd D receiver
nodes out of m"K choices to satisfy the following criteria.
Then for any associate base station antenna i, i # 1, 2, · · · , D,
antenna i’s corresponding receiver R(i) and other antenna
j, j # 1, 2, · · ·D, j &= i,

SNRiR(i) ' SNRtr, i #, 1, 2, · · · , D,R(i) # 1, 2, · · · , D
INRjR(i) $ INRtr, j # 1, 2, · · · , D, j &= i (4)

The above condition states that each one of the D receiver
nodes has a very good channel to a single base station antenna
and weak channel (strong fading) to the other D " 1 base
station antennas, as shown in Fig.1.

Then, we dene SINRiR(i) =
SNRiR(i)!D!1

j=1,j "=i INRjR(i)+N
and

SINRtr =
SNRtr

(D!1)INRtr+N .
Assuming that we can nd D transmitter-receiver pairs

satisfying Eq. (4), then the sum rate is lower bounded as [3]

Rproposed ' D log(1 + SINRtr). (5)

In the following, we prove that there exists a relationship
between m and D that will satisfy Eq. (5) for any given value
of SINRtr. To prove the feasibility of this approach, we need
to prove that there are D transmitter-receiver pairs that satisfy
Eq. (4) on average.

C. The Feasibility of D Transmitter-Receiver Pairs

It is clear from eq. (5) and by assuming INRtr = K1 where
K1 is a positive constant number, the sum rate is given by

Rsum ' D log

'
1 +

SNRtr

(D " 1)K1 +N

(
. (6)

Since we want to maximize the lower bound of Rsum, we
need to maximize SINRtr under OIM condition, which is
equivalent to maximize SNRtr.

This scheme attempts to achieve two goals. First, we need
to prove that there are at least D mobile users satisfying the
OIM condition. Second, the SNRtr needs to be maximized to
achieve the highest sum rate. The following theorem provides
the maximum lower bound of the sum rate by using OIM
scheme and satises the two goals mentioned above.

Theorem 3.1: For any positive constant value D $ K
using the OIM scheme and allowing m tends to innity, the
lower bound of the sum rate approaches D log logM + K5

with SNRtr = % log
$
K2M1!!

%
, where 0 < ! < 1,

K2 =
!
1" e!

K1
#

#D!1
, K5 = D log

!
1
2 · "(1!!)

(D!1)K1+N

#
and

M = m"K .
Proof: The proof can be found in [3].

It is clear from construction of OIM that this technique
is equivalent of D parallel point-to-point communications.

Therefore, for its implementation, OIM does not require any
space-time signal processing and the encoder and decoder
structure of OIM is simple and similar to point-to-point
communication systems. This complexity requirement is much
simpler than distributed cooperative MIMO systems. In gen-
eral, distributed MIMO systems are cooperative systems that
require signicant overhead among cooperating nodes. On the
other hand, OIM scheme is a coordination technique among
transmitter and receiver nodes that requires less overhead. Co-
ordination in distributed systems is much easier to implement
than cooperation.

IV. OIM THROUGHPUT IN AD HOC NETWORKS

In this section, we utilize OIM scheme in ad hoc networks
and compute per node throughput capacity of the network
when the number of nodes participating in one OIM group
is a nite value.

Our achievable bound for the capacity analysis is based on
the TDMA scheme that was originally introduced in [1]. In
this approach, the network is divided into square cells, each
one with an area such that all the nodes inside each cell are
connected. Therefore, each square cell has an area of T 2(n)/2,
which makes the diagonal length of square equal to T (n).

Under this condition, if the transmission range is at most
T (n) for each hop, then all nodes inside a cell are within
coordination range of each other. We build a cell graph over
the network that are occupied with at least one vertex (node)
[4]. We organize cells into groups such that simultaneous
transmissions within each group does not violate the OIM
condition for successful communication. Let L represent the
minimum number of cell separations in each group of cells
that communicate simultaneously. In every 1/L2 time slots,
each cell has one time slot to communicate. In an active cell,
each transmitter node either sends a packet to one of the nodes
inside the cell or a node in adjacent cells. Note that the distance
between interfering cells is at least qT (n)L/

!
2 " T (n)/

!
2

for q = 1, 2, · · · , centered around any active cell.
Our analysis is based on computing the SINR for two cases

of interference within a cell and interference from outside the
cell. We denote the former one as SINRinner and the latter as
SINRouter. In general, the SNR can be computed as

SNRiR(i) =

P
|Xi!XR(i)|" |HiR(i)|2

N
' SNRtr, (7)

where Xi represents the location of node i in the network.
Note that we ignore the time index m for the channel gain.

The lower bound throughput capacity is derived based on
the OIM condition. If we assume |HiR(i)|2 ' c3, then c3
can be selected as c3 = SNRtrN

|Xi!XR(i)|"

P . To compute the
lower bound for SINRouter, we note that E[|HkR(i)|2] = %
and Var[|HkR(i)|2] = %2 because of the characteristic of
exponential distribution |HkR(i)|2 for any node k in Eq. (3).
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Since |Xi "XR(i)| $ T (n) for neighbor cells, then

SINRouter =

P
|Xi!XR(i)|" |HiR(i)|2

N +
)

k "=i
P

|Xk!XR(i)|" |HkR(i)|2
,

'
c3P

(
#
2)"

N
!

T (n)#
2

##
+ 8P

L"

)$
q=1

q
(q! 1

L )"
|HqR(i)|2

.(8)

We need to prove in Eq. (8) that the second term of the
denominator is bounded provided that P increases with T (n)
in extended networks. We dene Sq = q

(q! 1
L )"

. The sum S =
)$

q=1 Sq can be proven to be bounded by a constant c4 when
$ > 2.

When L is selected sufciently large, then the effect of inter-
ference from outside cells can be reduced to any desired value
based on Eq. (8). Next we prove that S =

)$
q=1 Sq|HqR(i)|2

is bounded. Because |HqR(i)|2 is a random variable, then we

should prove Pr
!)$

q=1 Sq|HqR(i)|2 ( )
#
= 0.

Dene E
*
|HqR(i)|2

+
= %, then

µ = E

, $&

q=1

Sq|HqR(i)|2
-
=

$&

q=1

SqE[|HqR(i)|2] $ c4%. (9)

From Chebyshev’s inequality, it can be concluded that

Pr

./////

$&

q=1

Sq|HqR(i)|2 " µ

///// ' &

0
$ V 2

&2
, (10)

where V = Var
1)$

q=1 Sq|HqR(i)|2
2
. Because S2

q $
Sq, *q, then V =

)$
q=1 S

2
qVar

*
|HqR(i)|2

+
$ c5%2 pro-

vided that |HqR(i)| are i.i.d for different values of q
in extended network model. Clearly if & ( ), then
Pr

!)$
q=1 Sq|HkR(i)|2 ( )

#
= 0. Thus, Eq. (8) is bounded

as
SINRouter ' SINRtr(outer) = K0SNRtr, (11)

where K0 is a positive number that is not related to m
and SINRtr(outer) is dened based on the communication
requirements for each node. The lower bound for SINRinner

is given by
SINRinner ' SINRtr(inner). (12)

Combining eqs. (11) and (12), the SINR is given by

SINRiR(i) =
Signal

N + Interferenceouter + Interferenceinner
,

' SINRtr(inner)+ SINRtr(outer)
SINRtr(inner) + SINRtr(outer)

= SINRtr(total).

Next, we will compute the aggregate throughput that can be
achieved in each cell by using the OIM scheme.

From (5), the lower bound of the sum rate can be derived as
Rproposed ' D log (1 + SINRtr). From Theorem 3.1 and since
M = m"D = !(T 2(n)), it can be concluded that

Rproposed = !
$
D log log

$
T 2(n)

%%
. (13)

Next we prove that, when n nodes are distributed uniformly
over a square area, each cell contains !(T 2(n)) nodes w.h.p..

The objective is to prove that the distribution of the number
of nodes in each cell space is sharply concentrated around its
mean.

Lemma 4.1: The square cells of side length T (n)/
!
2 for

concurrent transmission contains !(T 2(n)) nodes w.h.p., and
is uniformly distributed for all cells when T (n) = "

$!
logn

%
.

Proof: The proof for this Lemma is omitted due to page
limitations.

Next we discuss a routing scheme to achieve the achievable
lower bound capacity which is similar with the routing scheme
in [5]. We extend this routing scheme from the dense network
model into the extended network model to accommodate
fading. According to the model, each node i, 1 $ i $ n,
generates data packets at a rate C(n) with each destination
chosen as the node nearest to a randomly chosen location
Yi. Denote by Xdest(i) the node nearest to Yi, and by Li

the straight-line segment connecting Xi and Yi. The packets
generated by Xi are forwarded toward Xdest(i) in a multi-hop
fashion, from cell to cell in the order that they are intersected
by Li. In each hop, the packet is transmitted from one cell
to the next cell intersecting Li. Any node in the cell can be
chosen as a receiver. Finally, after reaching the cell containing
Yi, the packet will be forwarded to Xdest(i) in the next active
slot for that cell. This can be done because Xdest(i) is within
a range of T (n) to any node in that cell. There is a bound
on the number of routes that each cell needs to serve, which
means we can bound the probability that a line will intersect
a particular cell.

For completeness, we present the following two lemmas for
the extended network without proof.

Lemma 4.2: For every line Li and cell Sk0,j0 ,

Pr{Line Li intersects Sk0,j0} = p = O

'
T (n)!

n

(
(14)

Proof: The proof for this Lemma is given in [6].
Based on the above lemma, we can easily show the follow-

ing uniform bound on the number of routes served by each
cell.

Lemma 4.3: The number of routes served by each cell is

lim
n%$

Pr

.
sup
(k,j)

{Number of lines Li intersecting Sk,j}

= O
$!

nT (n)
% #

= 1. (15)

Proof: The proof for this Lemma is omitted due to page
limitations.

From our earlier discussion, we know that there exists a
transmission schedule such that each cell obtains one time
slot to transmit at rate RproposedW bits/second with maximum
transmission distance T (n) in every L2 (L is a constant) time
slots, as shown in Eq. (13). So the rate at which each cell can
transmit is !

$
D log log

$
T 2(n)

%%
W/L2. From Lemma 4.3,

each cell needs to transmit at rate O (C1(n)
!
nT (n)) where

C1(n) is the throughput capacity of the network. This can be
accommodated by all cells if

C1(n)
!
nT (n) = !

$
D log log

$
T 2(n)

%
W/L2

%
(16)
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Note that the trafc passing through any cell can be handled
by any designated node in that cell. The following theorem
describes the main result of this paper.

Theorem 4.4: In extended wireless ad hoc networks, the
unicast throughput capacity in a multi-path fading environment
with multi-hop communication when nodes utilize OIM is

C1(n) = !

.
D
log log

$
T 2(n)

%
!
nT (n)

0
, (17)

where T (n) = "
!"

2
$ logn

#
and " can be as close as possible

to zero.
The next theorem presents the throughput capacity of this

network in the absence of OIM.
Theorem 4.5: In extended wireless ad hoc networks, the

unicast throughput capacity with multi-hop point-to-point
communication is

C2(n) = !

'
1!

nT (n)

(
. (18)

The proof procedure for this theorem is very similar to that
of Theorem 4.4 except that we do not consider the OIM effect
in Eq. (4). Also note that, because there is no OIM, there is
only a single transmission in each cell.

V. UPPER BOUND CAPACITY OF HIERARCHICAL MIMO
COOPERATION WITH FINITE MIMO SIZE

We demonstrate that when the size of distributed MIMO is
a constant number D, then the capacity gain in long range
communication that was introduced by hierarchical MIMO
cooperation diminishes. More specically, the capacity of such
system reduces to !(1) for the dense network model and to
zero for the extended network model when n tends to innity.
Note that the capacity of hierarchical MIMO cooperation when
the size of MIMO can be a function of n asymptotically goes
to innity when n goes to innity.

A. Wireless Network Model and Assumptions

The network is assumed to be a square with n total number
of nodes uniformly distributed in the network. The side length
of the network is

!
n and area of the network is n for extended

network. The side length and the area of the network is a
constant value for dense network.

The wireless channel is assumed to be Rayleigh fading. The
fading coefcients are independent and identically distributed
(i.i.d.). We assume that fij is the fading coefcient from node
i to node j. Then, the probability of this fading coefcient is
[7]

Pr (fij > x) $ exp ("qx) , *x > x1, (19)

for some q and x1 > 0.
Let {Xt : t # T } be the transmitting nodes at a given time

and node Xt transmits with power Pt. We assume that node
Xj , where j does not belong to T , is receiving a data packet
from Xi, i # T . Then the SINR at node Xj is

SINRj =
GijPi

N +
)

k&T ,k "=iGkjPk
, (20)

where Gij = Kfij |Xi"Xj|!#, N is the power of noise, and
K and $ > 2 are positive constants. Later on, we assume that
all the nodes have the same constant power P0.

B. Results and Proofs

It has been proven [7] that with high probability, the
maximum value of fading coefcients between all pairs of
nodes is bounded as

max
1'i<j'n

{fij} $ 3

q
logn. (21)

Note that if the number of communication pairs is nite, then
this upper bound is also a nite value. We assume the number
of the destination nodes in the network is d(n). Then for the
extended network, we have the following theorem.

Theorem 5.1: In the extended network, by assuming
Rayleigh fading and d(n) destinations out of the total number
of nodes n, the aggregate throughput R(n) is bounded with
high probability by 0 when d(n) is a constant.

Proof: The average distance d between all pairs of sources
and destinations is

!
n [1].

In computation of R(n), we consider that a) all destinations
are receiving all the time, b) all sources are assumed to be
at the minimum distance dmin from the destinations and with
fading coefcient equal to the upper bound, c) the commu-
nication uses the whole bandwidth, and d) the interference
from competing transmissions is ignored. These optimistic
assumptions will result in an upper bound for the throughput
R(n). Then, R(n) is upper bounded using Eq. (20) as

R(n) $ d(n)W log (1 + SINRmax) ,

$ d(n)W log

.
1 + n ·

KP0d!# 3
q logn

N

0
,

= d(n)W log

'
1 +

3KP0n!"
2 +1 logn

qN

(
, (22)

If d(n) is a nite value and $ > 2, then it is clear from this
equation that R(n) approaches zero as n tends to innity.

This theorem proves that hierarchical MIMO cooperation
does not scale in extended network when the size of MIMO
is restricted to a nite value.

For the dense network, we have the following theorem.
Theorem 5.2: In a dense network with Rayleigh fading

environment along with d(n) destinations and n " d(n)
sources, the aggregate throughput R(n) is bounded with high
probability by

R(n) $ K1d(n) log n. (23)

Proof: Since this paper concentrates on extended network,
we have omitted the proof.

From Eq. (21), the upper bound on the fading channel
coefcient will become a constant value if the number of
transmit and receiver nodes are nite. Further, when d(n)
is a constant value and the minimum distance dmin will be
also a nite value when there are nite number of source-
destination pairs. Therefore, the upper bound for R(n) in
the above equation will become a constant value. Under
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this condition, the asymptotically growing gain for R(n) in
hierarchical MIMO cooperation will diminish to a constant
value.

The results for both dense and extended network implies
that we can not utilize hierarchical MIMO cooperation or any
other MIMO cooperation for long range communication [2]
and the only viable solution is to use multihop communication
which is the topic of our next section. The communication
scheme in [2] provides high throughput only when the size of
distributed MIMO can become a function of n.

VI. THROUGHPUT OF DISTRIBUTED MIMO IN EXTENDED

NETWORKS USING MULTIHOP COMMUNICATIONS

We have shown in the previous section that, when realistic
size for distributed MIMO is considered, hierarchical MIMO
cooperation does not provide any gain. In this section, we
compute the capacity attained in wireless networks with dis-
tributed MIMO systems utilizing multihop communication.

From Theorem 5.1, we can see that as the number of
transmit and receive antennas becomes a constant value, then
the throughput of the distributed MIMO utilizing multihop
communications is also a constant which is Rper cell

MIMO = K2.
Following the same proof procedure used in Section IV,

the rate at which each cell transmits can be computed
asK2W/L2. From Lemma 4.3, each cell needs to transmit
at rate O (C3(n)

!
nT (n)) where C3(n) is the throughput

capacity of the network. This can be accommodated by all
cells if

C3(n)
!
nT (n) = !

$
K2W/L2

%
. (24)

Note that the trafc passing through any cell can be handled
by any designated node in that cell. The following theorem
describes the throughput by using distributed MIMO with
multihop communications.

Theorem 6.1: In extended wireless ad hoc networks, the
unicast throughput capacity in a multi-path fading environ-
ment with multi-hop communication when nodes utilize any
distributed MIMO transmission scheme is

C3(n) = !

'
1!

nT (n)

(
, (25)

where T (n) = "
$!

logn
%
. Note that C3(n) has a constant

gain K2 compared to the throughput capacity of C2(n) for
point-to-point communications by taking advantage of MIMO
cooperation.

VII. DISCUSSION

We have shown that distributed cooperative MIMO sys-
tems do not perform well when the size of the MIMO
systems is nite. As a matter of fact, compared to point-
to-point communication, there is only a constant gain of
K2 with distributed MIMO systems with nite dimension.
As an alternative, we analyzed a many-to-many communi-
cation scheme called opportunistic interference management
(OIM) [3] that provides higher order throughput capacity of
C1(n) = !

!
D

log log 2
! logn#

n logn

#
with similar assumptions. This

is an order gain of !(log log 2
! logn) compared to point-to-

point communications and distributed MIMO systems.
The intuition behind the above result is the fact that OIM

searches for the best channels among a large number of nodes
in the adjacent cell, which allows to increase order throughput
capacity without requiring to increase the number of simulta-
neous transmissions as a function of n. Clearly, these gains are
not signicant but they demonstrate the fact that distributed
cooperative MIMO systems may not be the best solution for
wireless ad hoc networks. It has been shown by Zheng et. al
in [8] that OIM requires minimum feedback with a signaling
requirement of point-to-point communications. The reduction
in feedback and simplicity in signaling makes OIM much more
attractive than distributed cooperative MIMO systems given
the fact that it provides even slightly higher order throughput
gain. We believe the results of this paper should encourage
network designers to consider OIM as a powerful alternative
technique to distributed cooperative MIMO systems.
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