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Summary

In this paper, we propose several power allocation schemes for multi-input multi-output (MIMO) orthogonal
frequency division multiplexing (OFDM) transmission based on the minimization of an approximated bit error rate
(BER) expression, and we evaluate the different solutions via field trial experimentations. The methods illustrated in
this paper, serve to allocate power among the different transmit antennas and the different subcarriers which compose
the MIMO OFDM transmitted signal. Several solutions are available to perform power allocation. Frequency
domain power allocation, spatial domain power allocation and combined spatial and frequency power allocation are
evaluated. We first review and describe the analytical solution for each power allocation scheme and then evaluate
the complexity in terms of both computational operations and BER performances. Simulation results show the
performance in term of BER and link the advantage of each possibility of power distribution with the associated
complexity. Copyright © 2009 John Wiley & Sons, Ltd.
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1. Introduction

The growing demand for multimedia services and the
growth of broadband Internet-related content has led to
an increasing interest in high speed communications.
This is because higher bit rate and higher quality
applications such as intensive downloading or high
quality streaming videos must be provided via the
Internet. On the other hand, the requirements of
increasingly wide bandwidth force the use of efficient
transmission methods that would fit well to the
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characteristics of wideband channels especially in
hostile multipath wireless environment where the
signal propagates from transmitter to receiver along
a number of different paths [1]. While propagating
the signal power drops due to three effects: path
loss, macroscopic and microscopic fading. Fading
of the signal can be mitigated by different diversity
techniques. In recent years, interest in the realization
of high data rate wireless communication systems
such as wireless local area networks (LANs) has
been increasing. Among the IEEE 802.11 wireless
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LAN standards, 802.11a [2] and 802.11g [3] systems
employ orthogonal frequency division multiplexing
(OFDM), which offers high spectral efficiency and
superior tolerance to multi-path fading. Another trend
is the interest in the field of multi-antenna processing
techniques. In a rich multipath environment, space
division multiplexing (SDM) [4] with multi-input
multi-output (MIMO) systems [5] can increase the
transmission rate and has enormous communication
capacity because of its spectral efficiency. Therefore,
combining OFDM and SDM techniques [1] is a
highly promising approach to realizing high data-rate
wireless communications [6]. For power allocation
among subcarriers in OFDM transmission, the Chow’s
algorithm [7] uses a criterion of minimizing the
packet error rate while attaining a certain transmission
rate, which also requires a complex iterative process.
Another solution that consists of maximizing the
spectral efficiency is another way to optimize the
transmission performance [8–10]. In Reference [8],
the water-filling method is used to allocate power in
order to maximize the system capacity. In Reference
[9], a multilevel transmit power scheme is proposed
for OFDM with adaptive modulation.

In Reference [11], the authors propose a power
allocation scheme for single-input single-output
(SISO) OFDM based on an approximated expression
of the bit error rate (BER), where the proposed
subcarrier grouping method enables us to decrease the
computational complexity with limited performance
degradation. In this paper, we extend the method to
MIMO-OFDM systems and propose three different
power allocation schemes including frequency domain
power allocation, spatial domain power allocation
and combined spatial and frequency domains power
allocation. Simplicity of the BER expression allows
us to obtain a closed-form expression for the different
power allocation strategies. The proposed power
allocation methods using the subcarrier grouping
scheme also allow us to control the balance between
the transmission performance and the computational
complexity by adjusting the size of the subcarrier
group. Moreover, we evaluate, in a field trial
experimentation, the different solutions and we show
significant improvements of BER performance for the
combined frequency and spatial domains-based power
allocation scheme.

The rest of the paper is organized as follows. In
Section 2, we review the conventional MIMO-OFDM
scheme. In Section 3, we introduce the estimate value of
BER for a channel encoded sequence and we describe
in detail, in Section 4, the different power allocation

schemes. In Section 5, we evaluate the computational
complexity of the different power allocation methods
and Section 6 gives the experimental results over QPSK
and QAM modulations. Finally, conclusions are drawn
in Section 7.

2. System Description

2.1. MIMO-OFDM Transceiver

The principle of OFDM transmission scheme [12] is
to reduce the bit rate of each subcarrier and also to
provide high bit rate transmission by using multiple
low bit rate subcarriers. OFDM systems [13] can
provide immunity against frequency selective fading
because each carrier goes through non-frequency
selective fading. At the transmitter part, the MIMO-
OFDM scheme consists of Nt transmit (TX) and
Nr receive (RX) antennas, denoted as an Nt × Nr
system, where the transmitter sends an Nt-dimensional
complex vector and the receiver receives an Nr-
dimensional complex vector [14]. To combat inter
symbol interference (ISI) and inter carrier interference
(ICI), a guard interval (GI) [15] such as cyclic prefix
(CP) or zero padding (ZP) is added to the OFDM
symbols. At the receiver, we assume that the system
is operating in a frequency selective Rayleigh fading
environment [16] and the communication channel
remains constant during transmission of one data
frame. One data frame is composed of several MIMO-
OFDM symbols and is assumed to be transmitted
within the coherence time of the wireless system. In this
case, channel characteristics remain constant during
one frame transmission and may change between
consecutive frame transmissions. We suppose that
the fading channel can be modelled by a discrete-time
baseband equivalent (L − 1)th order finite impulse
response (FIR) filter where L represents the time
sample corresponding to the maximum delay spread.
When the maximum delay spread does not exceed
the GI, ISI does not occur on the MIMO-OFDM
symbols, so the frequency domain MIMO-OFDM
received signal after removal of GI is described by

y
(q)
i,m =

Nt−1∑
l=0

h(q,l)
m · √

pl,m · x
(l)
i,m + n

(q)
i,m (1)

where y
(q)
j,m is the received signal at the qth received

antenna for the ith OFDM symbol and the mth
subcarrier and h

(q,l)
m is the channel frequency response
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on the mth subcarrier from the lth transmitting antenna
to the qth receiving antenna which composes a
MIMO channel matrix. Furthermore, x

(l)
i,m and pl,m

are respectively the modulated data symbol and the
transmit power on the lth transmit antenna for the
ith OFDM symbol on the mth subcarrier. In addition,
n

(q)
j,m denotes zero mean additive white Gaussian

noise (AWGN) with Nr independent and identically
distributed (iid), complex elements for the qth received
antenna [16,17].

2.2. Linear Detection for MIMO-OFDM
Scheme

In this paper, we focus as the linear detection scheme.
Thus, output of the compensation scheme can be
described by

zi,m = Gm · yi,m (2)

where zi,m = [z(0)
i,m, · · · , z(Nt−1)

i,m ]T and yi,m =
[y(0)

i,m, · · · , y(Nr−1)
i,m ]T, respectively denote the output of

the equalizer and the received signal. In the case of
zero forcing (ZF) detection [14], the equalizer matrix
is calculated as

Gm = (HH
mHm)−1 · HH

m (3)

with

Gm =




g(0,0)
m · · · g(0,Nr−1)

m

· · · · ·
· · · · ·

g(Nt−1,0)
m · · · g(Nt−1,Nr−1)

m


 (4)

and

Hm =




h(0,0)
m · · · h(0,Nt−1)

m

· · · · ·
· · · · ·

h(Nr−1,0)
m · · · h(Nr−1,Nt−1)

m


 (5)

3. Bit Error Rate Expression

3.1. Channel Coding

We utilize an approximated BER expression based
on convolutional coded (CC) [2,3] data transmission.

The generator polynomial of the mother code is g =
[133, 171] of rate R = 1/2 and K = 7 and the other
coding rates (R = 3/4 and R = 2/3) are obtained from
the puncturing pattern described in the WLAN based
channel coding. At the receiver, the soft output Viterbi
algorithm (SOVA) is performed to recover the original
sequence [18].

3.2. Approximated BER Expression

In the AWGN channel, considering the performance of
QPSK and QAM modulations, the BER is shown to be
well approximated by [19]

BER ≈ 0.2 · exp

{
−1.5 · γ

(Nm − 1)

}
(6)

for 0 ≤ γ < 30 dB where γ is the SNR and Nm is the
number of bits per symbol (Nm = 2 for QPSK, Nm = 4
for 16-QAM and Nm = 6 for 64-QAM).

By extension to the Rayleigh Fading channel case
[20], we can derive the performance of QPSK and
QAM modulations. Let γ and BER denote the average
SNR and BER, respectively. The probability density
function of the instantaneous SNR γ is given, for γ > 0
by

p(γ) = 1

γ
· exp

{
−γ

γ

}
(7)

The average BER, BER, is evaluated as

BER ≈
∫ ∞

0
0.2 · exp

{
−1.5 · γ

(M − 1)

}

· 1

γ
· exp

{
−γ

γ

}
dγ (8)

and the previous approximation can be bound as [21]
and [22]

BER ≤ a · exp

{
−b · γ

(M − 1)

}
(9)

Therefore, we will use this heuristic approximation
to evaluate the power allocation scheme and then we
adjust the BER approximation based on computer
matching. The approximation can be expressed as

f (βl,m, pl,m) ≈ a · exp
{−b · βl,m · pl,m

}
(10)
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Table I. Transmission modes for coding rate R = 1.

Modulation QPSK 16-QAM 64-QAM

a 0.2 0.2 0.15
b 1.66 1.73 1.68

Table II. Transmission modes for coding rate R = 1/2.

Modulation QPSK 16-QAM 64-QAM

a 7.0 4.0 1.5
b 9.5 11.0 12.0

where βl,m is equal to

βl,m = 1

(2Nm − 1) · σ2
n · ∑Nr−1

n=0 |g(l,n)
m |2

(11)

where σ2
n denotes the variance of the AWGN and βl,m

denotes the received signal-to-noise ratio (SNR), which
depends on the modulation scheme and the equalizer
weights on the mth subcarrier and lth transmit antenna.
pl,m denotes the transmit power mth subcarrier and lth
transmit antenna. The parameters a and b are to be
determined in a heuristic way, namely, via computer
simulations.

Tables I and II summarize the parameters of a and
b for QPSK, 16-QAM and 64-QAM, without channel
coding and with channel coding R = 1/2, obtained via
computer simulations.

In the rest of the paper, we will detail process to
evaluate the transmit power, denoted pl,m, based on
the minimization of the BER expression described by
f (βl,m, pl,m) for known value of βl,m.

In the rest of the paper, we will detail process to
evaluate the transmit power, denoted pl,m, based on
the minimization of the BER expression described by
f (βl,m, pl,m) for known value of βl,m.

4. Power Allocation Scheme

The proposed scheme is based on a procedure which
consists of optimizing the transmit power in terms of
the expression of the approximated BER under power
constraint and considering the subcarrier grouping
scheme for frequency domain-based power allocation.
We next review the possible strategies to allocate power
for both optimal and suboptimal solutions.

First, let the matrix representation of transmit power
be defined as

p′
o =




p′
0,0,o · · · p′

0,N−1,o

· · · · ·
· · · · ·

p′
Nt−1,0,o · · · p′

Nt−1,N−1,o


 (12)

In this paper, we consider power distribution with the
condition that the average transmit power per symbol
is kept constant to be P .

4.1. Combined Spatial and Frequency
Domains Power Allocation

The basic principle of the combined spatial and
frequency domain power allocation for a MIMO-
OFDM signal is to combine spatial and frequency
domain optimization [23] of the transmit power as a
function of the heuristic BER expression [24] defined
in Equation (10). The Lagrangian optimization method
will be used to obtain an analytical value of the power
allocation for each load subcarrier. Furthermore, a
constraint is added in order to keep the global transmit
power at the transmitter constant. The optimal case
is to consider the power allocation scheme through
one MIMO-OFDM symbol which is represented by
(N · Nt) elements. However, due to the computation
complexity to perform this power allocation scheme,
we propose to perform it through a limited number of
Ns subcarriers and then repeat the allocation scheme
N/Ns times.

Let us first define the proposed transmit power matrix
of the tth subcarrier group as

p′(t)
o =




p′
0,t·Ns,o

· · · p′
0,(t+1)·Ns−1,o

· · · · ·
· · · · ·

p′
Nt−1,t·Ns,o

· · · p′
Nt−1(t+1)·Ns−1,o



(13)

with

β′(t) = [
β′

t·Ns
· · · β′

t·Ns+Ns−1

]T
(14)

where β′(t) denotes the tth, (t = 0, · · · , N/Ns − 1),
group of the elements represented by Equation (9).
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Then, the optimization problem can be stated as




p′(t)
o = arg min

Nt−1∑
l=0

Ns−1∑
m=0

f (β′
l,t·Ns+m

,p′
l,t·Ns+m

)
Ns·Nt

s.t.
Nt−1∑
l=0

Ns−1∑
m=0

p′
l,t·Ns+m = Ns · Nt · P

(15)

One possibility to solve this optimization problem is to
apply the Lagrangian procedure. Defining

J(p
′(t)
o ) =

Nt−1∑
l=0

Ns−1∑
m=0

f (βl,t·Ns+m, pl,t·Ns+m)

Nt · Ns

+ λ ·
(

Nt−1∑
l=0

Ns−1∑
m=0

pl,t·Ns+m − Nt · Ns · P

)

(16)

The optimal solutions are obtained by solving for 0 ≤
l < Nt and 0 ≤ m < Ns




∂
∂pl,m

(
Nt−1∑
l=0

Ns−1∑
m=0

f (βl,t·Ns+m,pl,t·Ns+m)
Nt·Ns

)
+ λ = 0

Nt−1∑
l=0

Ns−1∑
m=0

pl,t·Ns+m − Nt · Ns · P = 0

(17)

After calculation and rearrangement for 0 ≤ l < Nt
and 0 ≤ m < Ns, we obtain

pl,t·Ns+m,o =
[

Nt−1∑
u=0

Ns−1∑
v=0

βl,t·Ns+m

βu,t·Ns+v

]−1

·
[
Nt · Ns · P

+ 1

b
·

Nt−1∑
u=0

Ns−1∑
v=0

1

βu,t·Ns+v

· log
(βl,t·Ns+m

βu,t·Ns+v

)]

(18)

We repeat the power allocation process for each subset
of subcarriers and transmit antennas which compose
the MIMO-OFDM symbol and each transmit antenna.

Moreover, contrary to the rank adaption scheme, the
proposed scheme tends to allocate more power to the
subcarriers that are strongly affected by channel fading.
The proposed solution tends to flatten the channel
variation, so that uniform coding scheme between the
different subcarrier is possible and appropriate.

4.2. Combined Spatial and Frequency
Domain Power Allocation for Uncoded
Channel Case with Exact BER Expression and
Maximum Group Size

In the case of uncoded system (i.e. without
any channel encoder), it is possible to exactly
evaluate the BER performance for both QPSK
and QAM modulations. It is well-known that the
BER expression is a function of the Q-function
[16] defined by Q(x) =̇ (1/

√
2π)

∫ ∞
x

exp(−t2/2)dt.
However, optimization problem which consists of
minimizing the exact BER expression under a
power constraint cannot be solved analytically. The
optimization problem is stated as




p′(t)
exact = arg min

Nt−1∑
l=0

N−1∑
m=0

Q(β′
l,m

,p′
l,m

)
N·Nt

s.t.
Nt−1∑
l=0

N−1∑
m=0

p′
l,m = N · Nt · P

(19)

Nevertheless, by an using iterative algorithm such
as the steepest-descent method [25], the optimization
problem can be solved.

4.3. Spatial Domain Power Allocation
Scheme

For the specific case of spatial domain power
allocation, the optimization problem described in
Equation (19) can be simplified [26] and described for
0 ≤ m < N as


p′(t)
o = arg min

Nt−1∑
l=0

f (β′
l,m

,p′
l,m

)
Nt

s.t.
Nt−1∑
l=0

p′
l,m = Nt · P

(20)

Then, after some calculations and similar rearrange-
ments presented in Section 4.1, we obtain the following
solution for 0 ≤ m < N

pl,m =


1 +

Nt−1∑
u=0
u �=l

βl,m

βu,m




−1

×


Nt.Pm + 1

b
×

Nt−1∑
u=0
u �=l

1

βu,m

× log

(
βl,m

βu,m

)


(21)
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4.4. Frequency Domain Power Allocation
Scheme

Without considering the spatial freedom axis, the
optimization problem, described in Equation (19),
can be restricted to the frequency domain. Then, the
problem description is, for 0 ≤ l < Nt, equal to




p′(t)
o = arg min

Ns−1∑
m=0

f (β′
l,t·Ns+m

,p′
l,t·Ns+m

)
Ns

s.t.
Ns−1∑
m=0

p′
l,t·Ns+m = Ns · P

(22)

We solve the optimization problem by performing the
Lagrange multiplier using similar rearrangements as
presented in Section 4.1. The closed form optimal
solution is obtained, for 0 ≤ l < Nt, as

p′
l,t·Ns+m,so =

[
Ns−1∑
u=0

β′
l,t·Ns+m

β′
l,t·Ns+u

]−1

·
[
NsP +

Ns−1∑
u=0

1

β′
l,t·Ns+u · b

log

(
β′

l,t·Ns+m

β′
l,t·Ns+u

)]
.(23)

5. Computational Complexity

The main advantages of the proposed scheme are both
the simplicity compared to any iterative algorithms
such as steepest decent and the low additional
complexity compared to the suboptimal solution which
does not include the knowledge of the channel
condition in the power allocation process. Complexity
of the steepest descent algorithm [27] is basically
equal to O(N2

s ) per iteration. In addition, the power
allocation process needs to be repeated N/Ns times
(for simplicity, we assume that N/Ns is an integer).
The analytical part of the calculation that is performed
for the estimation of the power allocation is equal
to O(U · Log(U)), where U denotes the number
of elements that compose the group size. In the
case of the spatial power allocation scheme, the
complexity per MIMO-OFDM symbol is equal to
O(N · Nt · Log(Nt)). For the frequency domain power
distribution scheme, the complexity becomes equal to
O(N/Ns · Nt · Ns · Log(Ns)). Finally, for the combined
frequency and spatial domain power allocation scheme,
the complexity is equivalent to O(N/Ns · Nt · Ns ·
Log(Nt · Ns)). In addition, the main advantage of the

proposed scheme is the simplicity compared to iterative
algorithms such as the steepest decent on the exact
expression of the BER. Complexity of the steepest
descent algorithm is basically equal to O(N/Ns · Nt ·
N3

s ).

6. Simulation Results

6.1. Software Simulation

We now evaluate the performance of the proposed
power allocation method for MIMO-OFDM scheme in
a multi-path fading environment with ZF detection. We
assume, as described in Table III, perfect knowledge
of the channel variations both at the transmitting
and receiving parts. An exponentially decaying (1-dB
decay) multi-path model is assumed and the carrier
frequency is equal to 2.4 GHz. The IFFT/FFT size is
64 points and the GI is set to 16 samples [3].

The effect of the combined frequency and
spatial domain power allocation scheme for several
subset sizes is highlighted for the specific antenna
configuration Nt = Nr = 4 for QPSK and QAM
modulations.

Figures 1–3 show the BER versus the total received
SNR (dB) for the proposed scheme with various sub-
carrier group sizes Ns without channel encoder R = 1.
The BER performance of the conventional scheme
(equal power distribution) is also plotted in the same
figure.

The simulation results in Figure 1 shows that for
QPSK modulation at average BER = 10−4, 2.8, 4.5,
5.2, 6.1 and 8.7 dB gains are obtained respectively
for Ns = 2, 4, 8, 16 and 64. For reference, we have
plotted the performance of the exact BER expression
with steepest descent algorithm for the case Ns = 64.
At average BER = 10−4, the difference between the

Table III. Simulation parameters.

Carrier frequency 2.4 GHz
Bandwidth 20 MHz
(Nt, Nr) (2,2), (4,4)
Modulations QPSK, 16-QAM, 64-QAM
Channel encoder No code and convolutional code
Coding gain R = 1/2 and 1
Channel estimation Perfect CSI
Number of data subcarrier 64
Guard interval length 16
Channel model 5-path, Rayleigh fading
Sample period 0.05 �s
Number of data packet 20
Subgroup size (Ns) 2, 4, 8, 16, 32, 64
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Fig. 1. Bit error rate performance for QPSK modulation and
coding rate R = 1.

Fig. 2. Bit error rate performance for 16-QAM modulation
and coding rate R = 1.

Fig. 3. Bit error rate performance for 64-QAM modulation
and coding rate R = 1.

proposed suboptimum scheme and the optimum case
is less than 0.6 dB.

Figures 2 and 3 show the BER performance with
16- and 64-QAM modulations, respectively for several

subcarrier group sizes. From these figures, we can
see that the proposed scheme can achieve significant
performance gain also for QAM modulation.

In Figures 4–6, the benefit of performing the
proposed scheme, in function of the total received SNR,
is highlighted for the specific case of R = 1/2, Nt =
Nr = 4, and QPSK and 64-QAM modulations. The
simulation results show that at average BER = 10−4,
between 2.5 and 6 dB gains are obtained depending
on the subcarrier grouping size (Ns =2, 4 and 64)
for QPSK modulation. In the case of 16- and 64-
QAM modulations, the proposed power allocation with
ordering allows to obtain between 2.5 and 7 dB gain
depending on the size of the subcarrier grouping, Ns.
The benefit in term of gain for QAM modulation is
comparable to the QPSK modulation.

It is shown that the subcarrier grouping size strongly
affects the performance of the proposed scheme for
both QPSK and QAM modulations. However, due

Fig. 4. Bit error rate performance for QPSK modulation and
coding rate R = 1/2.

Fig. 5. Bit error rate performance for 16-QAM modulation
and coding rate R = 1/2.
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Fig. 6. Bit error rate performance for 64-QAM modulation
and coding rate R = 1/2.

to the structure of the proposed power distribution
scheme, there is a trade-off between the subcarrier
grouping size and the computational complexity.

Restrictions regarding the FCC requirements are not
considered, at the present time, in the simulation results
and experimentations. The objectives of this study is
to highlight the possibility of power allocation-based
schemes for future mobile communication.

6.2. Field Experimentation

We now evaluate the performance of the different
power allocation methods for the MIMO-OFDM
system in a real environment. System parameters are
shown in Table IV. The main system parameters
are based on the IEEE 802.11a standard with time
division multiplexing for pilot structure. In addition,
a Viterbi algorithm is included to decode the received
signal. Experimentation was carried out in an indoor
environment and the channel was considered quasi-
static during one frame transmission [28]. Channel 3 in
the 5 GHz frequency band (Fc = 5210 MHz) was used
to transmit data and to evaluate the channel response.
Furthermore, off-line processing was performed to
extract the channel gains and delay for each significant

Table IV. Simulation parameters.

Carrier frequency 5.21 GHz
Bandwidth 20 MHz
Modulation scheme QPSK, 16-QAM, 64-QAM
Channel encoder Convolutional codes, R = 1/2
Number of data subcarrier 64
Guard interval length 16
Channel model Real environment
Sample period 0.05 �s
Number of data packet 20

Fig. 7. Layout of the room.

path. The transmitter comprised two IEEE 802.11a
WLAN cards and the separation between the antenna
elements was equal to 6λ, where λ represents the carrier
wavelength. The receiving part was composed of a
two-element antenna and the adjacent spacing was
equal to 3λ/2. Such spacing was employed since the
mutual coupling influence is low at this distance [29].
In addition, the ZF detection scheme is employed in
the receiver and the baseband processing is performed
off-line for all the experimentations.

The focus of the field experimentation is to evaluate
the different power allocation schemes in an indoor and
quasi-static environment.

Figure 7 shows the layout of the room where
experimentation was done and the different positions
of the different antenna elements. The environment
simulates a typical modern open office where several
desks are set up in the same room.

6.2.1. Experimental results for position 1

Table V shows the average transmit SNR in dB
for an average BER = 10−5 in the case of channel
coding R = 1/2 and several modulation schemes (i.e.
QPSK, 16- and 64-QAM). For reference in the table,
S domain, F domain and S+F domain, respectively

Copyright © 2009 John Wiley & Sons, Ltd. Wirel. Commun. Mob. Comput. (2009)

DOI: 10.1002/wcm



POWER DISTRIBUTION METHODS FOR MIMO-OFDM SYSTEMS

Table V. Average SNR (dB) for BER = 10−5 at the position 1.

Modulation QPSK 16-QAM 64-QAM

Equal power 30.5 35.4 37.5
S domain 29.8 35.0 37.2
F domain, Ns = 2 29.6 34.4 36.9
F domain, Ns = 4 28.9 34.1 36.5
F domain, Ns = 8 28.1 33.9 35.8
F domain, Ns = 16 27.1 33.0 35.0
S+F domains, Ns = 2 29.3 34.0 36.6
S+F domains, Ns = 4 28.4 33.75 36.3
S+F domains, Ns = 8 27.8 33.5 35.6
S+F domains, Ns = 16 26.6 32.6 34.7

denote spatial power allocation scheme described by
Equation (21), frequency domain power allocation
described in Equation (23) and combined spatial
and frequency domain power distribution detailed
in Equation (18). In addition, equal power denotes
conventional transmission without any specific power
allocation. As described in Table V, a gain of about 4 dB
is obtained by simply performing the combined spatial
and frequency domains power allocation scheme with
Ns = 16, compared to the equal power distribution
method for QPSK modulation. In the case of 16- and
64-QAM modulation, a gain of about 3 dB is obtained
for the conditions described above. In the case of the
power allocation scheme in the spatial domain, 0.7,
0.4 and 0.3 dB gains are obtained for QPSK, 16- and
64-QAM modulation, respectively. Furthermore, on
average, 0.4 dB gain is obtained for the three different
modulations (QPSK, 16-, 64-QAM) by extending the
power allocation to both the spatial and frequency
domains compared to the frequency domain only.

6.2.2. Experimental results for position 2

Table VI shows the average transmit SNR in dB for
an average BER = 10−5 in the case of channel coding

Table VI. Average SNR (dB) for BER = 10−5 at the position 2.

Modulation QPSK 16-QAM 64-QAM

Equal power 30.3 33.4 36.9
S domain 30.0 33.1 36.6
F domain, Ns = 2 29.8 32.8 36.2
F domain, Ns = 4 29.0 33.2 35.6
F domains, Ns = 8 28.1 31.1 34.2
F domains, Ns = 16 27.0 29.9 32.9
S+F domain, Ns = 2 29.4 32.5 35.9
S+F domain, Ns = 4 28.8 31.8 35.2
S+F domains, Ns = 8 27.9 30.8 34.0
S+F domains, Ns = 16 26.7 29.6 32.4

R = 1/2 and several modulation schemes (i.e. QPSK,
16- and 64-QAM). In this table, the effect of the
different power allocation schemes for several subset
sizes is highlighted for the antenna configuration Nt =
Nr = 2 at the position denoted 2 in Figure 7 for QPSK
and QAM modulations.

For the QPSK modulation scheme, channel coding
rate R = 1/2, the specific MIMO configuration Nt =
Nr = 2 and various subcarrier group sizes Ns, the
BER performances of the conventional scheme (equal
power distribution) is also plotted in the same figure.
According to the experimentations, at average BER =
10−5, 0.3 dB gain is obtained for the spatial domain
power allocation scheme compared to the conventional
scheme. In the case of the frequency domain power
allocation, respectively 0.5, 1.3, 2.1 and 3.1 dB gains
are obtained for Ns = 2, Ns = 4, Ns = 8 and Ns = 16,
compared to equal power distribution. For frequency
and spatial domain power distribution, gains of 0.7,
1.6, 2.3 and 3.4 dB are obtained for Ns = 2, Ns =
4, Ns = 8 and Ns = 16, respectively, compared to
equal power distribution. So, for QPSK modulation
and Nt = Nr = 2, the main gain is obtained by the
frequency domain power allocation for MIMO-OFDM
transmission. Extension to the spatial domain allows
an additional 0.3 dB gain compare to equal power
distribution.

Table VI presents average transmit SNR in dB
for an average BER = 10−5 for the different power
allocation schemes with QAM modulations too with
various subcarrier group sizes Ns too. Similarly
to the QPSK modulation, limited gain, about 1 dB
is obtained, compared to equal power distribution,
for spatial domain-based power allocation. Main
additional gain is highlighted for the frequency domain
power allocation and large number for Ns.

7. Conclusion

This paper proposes a field trial evaluation of power
distribution for MIMO-OFDM transmission in a quasi-
static multipath environment. It consists of adapting
the transmit power in the spatial and/or frequency
domain using a heuristic expression of the BER for each
subcarrier. A review of the different power allocation
strategies based on a closed-form expression of the
optimum power to be allocated for each subcarrier
is presented. In the case of the frequency based
power allocation, it allows to reduce the computational
complexity, by including a subcarrier grouping method
with local power adaptation for each subcarrier
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group. Our subcarrier grouping method minimizes
the adverse impact of the local power adaptation by
taking into consideration the channel gains of all the
subcarriers. The characteristics allow us to control
the trade-off between the transmission performance
and the computational complexity by adjusting the
sizes of subcarrier groups. The simulation results show
significant improvement of BER performance both for
QPSK and QAM modulation compared to the equal
power allocation scheme. Furthermore, combining the
proposed scheme to any powerful detection such as
maximum likelihood detection (MLD) can be also
implemented. In this paper, we have limited the channel
coding scheme to the convolutional code. However,
other powerful coding schemes such as the turbo codes
(TC) [30] or low density parity check (LDPC) [31,32]
can also be included in the modulated transmission.
Finally, future orientation for this work would include
the introduction of error in the channel estimation [33]
and the extension of the experimentation in the outdoor
environment with mobility. In the future, additional
studies on FCC restrictions should be performed to
emphasize the feasibility of our proposed solution.
Additional restrictions on power constraints can be
easily added to keep the system within the transmit
power recommendations.
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