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Abstract - Multiple-input multiple-output (MIMO) is an efficient technology to increase data rate in
wireless networks due to bandwidth and power limitations. Data transmission rate between transmitter and
receiver is determined by channel capacity. MIMO has anadvantage of reliable communication over
wireless channel because of utilizing the channel capacity properly. In this letter, we drive a new formula,
closed form capacity formula, using confluent hypergeometric function.

Index Terms— MIMO systems, channel capacity.
I. Introduction

Demand for
communications

capacity in wireless
have been rapidly increasing
worldwide, and as a solution to fulfill such a
demand,

multiple  transmitting  and  receiving
antennas  namely, multiple-input multiple-output
(MIMO) systems have been introduced. The
MIMO systems has replaced the single-input

single-output (SISO) systems mainly because the
muitiple antennas at the transmitter and the
receiver canincrease data rate and improve quality
of service through diversity. Channel capacity is
used to determine the consistent information
transmission. The standard formula for the Shannon
channel capacity is expressed in bps/Hz [1]

C=log:{1+p H )
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ﬁ, denotes the normalized channel
power transfer characteristic. To achieve higher
data rate research has been done based on this
formula. The unequal number of antennas at both
the transmitter and receiver increase the capacity
logarithmically ~whereas the equal number of
antennas increases the capacity linearly for any
fixed signal-to-noise ratio [1] [2].Multi-element
array can effectively comprehend a MIMO wireless
channel. Considering the performance of the two
situations, the capacity of single user multi-element
arrays systems can be explored as follows.

Firstly, the channel is known to the
transmitter, thus the power allocation is thefinest;
secondly, the channel is totally unknown to the

where, H

transmitter. So, equal power is allocated for each
transmitting antenna [3].

In  this letter using the  confluent
hypergeometric function we have introduced an
analytical formula for the channel capacity of
MIMO wireless systems. In section II we have
describe the MIMO system model. In section III
proposedchannel capacity formula has derived,
followed by simulation section 4.
Finally, section 5 concludes the paper.

results in

II. SYSTEM MODEL

We consider a single point-to-point MIMO system

where the number of transmit antennas are

expressed as M: and the number of receive

antennas as fir. We also assume that

n=max{N. M} and WM =min{n.n.}. The

11} . .
tranSmitted signals in each symbol period are

stk
represented by an %c X1 vectors 5, whose i

entry, 5, will be transmitted from antenna i We
consider the total transmitted power over a symbol

period toF, not considering the number of

transmit antennas . It is assumed that the

. R — efec® .
covariance matrix of S,RS&: =={557} satisfies the
criterion of

Tr{R,) <P @

#

where Tr{.} denotes the trace of a matrix.

Under the assumption that the channel is
frequency-flat fading, the input-output relation over
a symbol period is given by
r=Hs+w

s
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- T s the % X 1 receive vector

- His the ™ X"t channel matrix whose
entries are considered the corresponding
path gain between the transmit and
receive antennas.

- Wrepresents the additive noise at
receive antennas.

The transmitter completely has no knowledge of

the channel but the receiver has perfect knowledge

of the channel and the transmit power from each

antenna is P/ T, The overall channel capacity can
be determined by using Shannon capacity formula

(4]

r F
oy E - :
= WM log; (1 + gz) ey

where @ is the noise power, W is the bandwidth
of each sub-channel and Fri is the received signal
power in the {th sub-channel. It is given by

AP

Fy= " &)

where '\/’IIS the singular value of the channel

matrixH. Thus the channel capacity can be written
as [4]

P
{ = Wlog, det(l, {-;1:5—5 Q {6}

when the transmitted signal vector s is circularly
symmetric complex Gaussian with zero-mean and
covariance F/M:Mn, and then the capacity is
given by [2]

¢ = efiog; et 1, +;§;~5Q)} @

where the random matrix @ is theWishart matrix
defined as

HHR  a.<n
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Again in [2], the capacity of the channel with ™
transmitters and *rreceivers under power constraint

P s expressed as

@ P M-i k}
= f { i Z B
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where Li is the associated Laguerre polynomials
defined as [5]

fx“ d2{g™¥x54%)
dx2
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Also in [5], the connection between Laguerre
polynomials and confluent hypergeometric function
of the first kind is given by

Tle+b+1)
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where the hypergeometric function has a

hypergeometric series given by
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where (@i and )% are Pochhammer symbols.
If @and & are integers,® < U, and either b>0

or & < 2 then the series yields a polynomial with
a finite number of terms, ie it turns to a closed
form.

IIl. DERIVED FORMULA FOR CAPACITY

We drive the formula for the channel capacity.
The Laguerre polynomial is defined as [6]

Tla + b4+ 1 o — 2xy (26
z Q
LG = Z 2~y

1
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where TC.) s the gamma function.

According to (13), the Laguerre polynomial of (9)
can be expressed as
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Expressing LEF*™Q25) in terms of (11), we get

Ti2n - 2m e e
LI (23 = {i 2y v L)
# 213t ??*1—-27?:-5-13
1P~ —-2m 4+ 1253 {15}

According to (12), the hypergeometric function

IFL-202n—2m + 11 will be
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Replacing (16) into (15), we get
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Considering the relation Tial = - 1)§, and
substituting (18) into (9) we get the associated
channel capacity that can be expressed as
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For computing the integral of the above equation,
we use the result of appendix B of [5]

Ina) = jlnﬁ +ye® e M dy, @ > 012
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where the complementary incomplete gamma

function is defined in [6] as

Computing the integral of (19), according to (20)
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In [7], the relation between the exponential integral

of order 7and the complementary incomplete
gamma function is defined as

£, () = T - pux) {233
By employing (23) to (22), we get

p-tiif
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Inserting (24) into (19), and also applying the
condition of (12), we get the following equation:

o X
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Figure 1 shows simulation result of the derived
capacity. Simulation is done for the different
number of antennas in both transmitter and
receiver side. Simulation result shows that the
capacity increased logarithmically because of
unequal number of antennas are deployed in both
the transmitter and receiver.
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Figure 1. Analytical channel capacity versus
average signal to noise ratio. The legend denotes
the number of transmit and receive antennas.

IV. CONCLUSION

In this paper, a closed form channel capacity
formula has been derived wusing confluent
hypergeometric function. Simulation was performed
to get analytical channel capacity versus average
signal to noise ratio. The derived capacity formula
allows us to calculate the channel capacity in a
closed form. Consequently, the derived formula can
be applied for calculating the channel capacity of
practical MIMO system where large numbers of
antennas are used to transmit and receive data
through wireless media.
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