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Abstract—In this paper, we analyze the performance of two
low-complexity uniform power loading with reduced-overhead
orthogonal frequency division multiplexing (OFDM) schemes
over Rayleigh fading channels. In the first feedback scheme, the
receiver feeds back to the transmitter the channel gains and
the indices of the best M subchannels; while for the second
feedback scheme, the receiver feeds back only the indices of the
best M subchannels. In both schemes, the available power budget
is equally distributed over the best M subchannels. We derive
closed-form expressions for the capacity and the outage capacity
of the first and second schemes, respectively. Numerical results
show that there is an optimal number of the best subchannels,
M , that maximizes the achievable capacity and it depends on the
system parameters.

I. INTRODUCTION

The capacity of orthogonal frequency division multiplex-
ing (OFDM) systems in frequency-selective channels can be
maximized by adapting the transmit power per subchannel
according to the well-known waterfilling (WF) solution [1].
However, optimal WF solutions need to be executed for every
channel realization and require the feedback of all subchannels
gains. In addition, designing the transmitter power amplifier
becomes nontrivial due to the largely varying allocated powers
among subchannels.

The capacity formula is a logarithmic function of the
transmit power, and hence, the transmission rate is not very
sensitive to the exact power allocation for subchannels with
high gain. This motivates many researchers to develop sub-
optimal algorithms that distribute the power uniformly over
subchannels with relatively high gains and null subchannels
with relatively low gains, e.g., see [2]. However, all these
algorithms requires processing for every channel realization,
which increases the system complexity.

In this paper, we analyze the performance of two uniform
power loading with reduced-overhead schemes over Rayleigh
fading channels. In both schemes, no processing is required
at the transmitter for every channel realization, which signif-
icantly reduces the system complexity. For the 1st scheme,
the channel gains and the indices of the best M subchannels
are available at the transmitter; while for the 2nd scheme,
only the indices of the best M subchannels are known at the
transmitter. We derive closed-form expressions for the capacity
and outage capacity for the 1st and 2nd schemes respectively.
Results show that there is an optimal number of the ordered
subchannels, M , that can achieve up to 98.72% of the Shannon
capacity limit. The analysis presented in the paper can assist
to simplify the joint optimization problem of subchannels and
power per subchannel of OFDMA systems.

II. SYSTEM MODEL

We consider an OFDM system that decomposes the signal
bandwidth into a set of N orthogonal narrowband subchannels
each of equal bandwidth W . In the two schemes, the available
power budget Smax is distributed equally over the best M ≤ N
subchannels. The feedback channel for the first and second
schemes requires Mb + N and N bits, respectively, where b
is the number of bits required to feedback the channel gain of
a certain subchannel. This is in contrast to Nb feedback bits
required for optimal WF solutions.

Let us assume that the channel gains, G1, G2, ..., GN ,
are sorted in a non-increasing order, i.e., G(1) ≥ G(2) ≥
... ≥ G(N), where G(n) denotes the channel gain of the nth
strongest subchannel gain. For independently and identically
distributed fading channel, the joint probability density func-
tion (PDF) of the best M subchannels can be written as

fG(1),G(2),...,G(M)
(g1, g2, ..., gm) =

N !

(N −M)!
FN−MG (gm)(

M∏
n=1

fG(gn)

)
, (1)

where fG(gn) and FG(gn) are the PDF and cumulative
distribution function of the power gain of subchannel n,
respectively.

III. PERFORMANCE ANALYSIS OF THE UNIFORM POWER
LOADING SCHEMES

Based on the joint PDF of the ordered subchannels in (1),
the achievable capacity of the first scheme as a function of the
ordered subchannel index M can be written as in (2) on the top
of the next page. Please note that 1

λ is the average channel gain,
E1(z) =

∫∞
z
e−tt−1dt is the exponential integral function,

B(x, y) =
∫ 1

0
t(x−1)(1 − t)(y−1)dt is the Beta function, and

I, J, bi, bj , aI , and aJ are defined as in [3].
In the 2nd scheme, outage is expected to occur as the

channel gains of the best M subchannels are not known at the
transmitter. The outage capacity can be found as in (3) on the
top of the next page. Please note that γ(α, x) =

∫ x
0
e−ttα−1dt

is the lower incomplete gamma function and P out
bound is an

upper bound on the outage probability.

IV. NUMERICAL AND SIMULATION RESULTS

For numerical and simulation results, we consider an OFDM
system with N = 8 subchannels and W = 1 Hz. The
channel impulse response of length 5 taps is modeled as
independent complex Gaussian random variable with zero
mean and variance σ2. Simulation results are averaged over
104 channel realizations.
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ηC =
WM2

ln(2)

(
N

M

)N−M∑
`=0

(
N −M

`

)
(−1)`

(M + `)
exp

(
λM(M + `)

Smax

)
E1

(
λM(M + `)

Smax

)

+ 4
√
2 π aI aJ

1

ln(2)

N !

(N −M)!

M∑
τ=2

1

(τ − 2)!
exp

(
λM(τ − 1)

Smax

)

.

J+1∑
j=1

I+1∑
i=1

B (M − (τ − 1) + 4bjbi(τ − 1), N −M + 1)

M−τ∏
ρ=1

1

(ρ+ 4bjbi(τ − 1))
. (2)

ηoutC =
(
1− P out

bound

)
ηC , (3)

P out
bound =

(
N

M

)[
1

(M − 1)!γ
(
M, 2

Rmin−1
Smax

λM2
) +

N−M∑
q=1

(−1)M+q−1
(
N −M

q

)
q1−M

×

(
M

M + q

(
1− exp

(
−2Rmin − 1

Smax
(M + q)λM2

))
−
M−2∑
m=0

1

m!

(
− q

M

)m
γ

(
m+ 1,

2Rmin − 1

Smax
λM2

))]
. (4)

Fig. 1 depicts the achievable capacity of the 1st scheme as a
function of the ordered subchannel index for Smax = 30 dBm
and average channel gains of −5, 0, and 5 dB. As can be seen,
there is an optimal number of the most reliable subchannels
that maximizes the capacity and this number depends on the
system parameters, i.e., average channel gain and available
power budget. More specifically, using M = 3, 4, and 6
subchannels out of 8 subchannels achieve 98.70%, 98.72%,
and 97.40% of the channel capacity obtained from the optimal
WF solutions for average channel power gain of −5, 0, and
5 dB, respectively. Additionally, one can notice that for lower
channel gains, less number of M are required to approach
the channel capacity. While, for higher channel gains, higher
number of M are required to approach the channel capacity.
Fig. 1 interestingly reveals that fixed power allocation on an
optimal M subchannels is sufficient to approach the channel
capacity obtained from optimal WF solutions, with reduced-
overhead and less system complexity.

The performance of the 2nd scheme is plotted in Fig. 2 in
terms of the outage probability P out

bound. The optimal value of
M is obtained from (2) as in Fig. 1. As can be seen from Fig. 2,
the outage probability significantly decreases for larger values
of the power budget and larger channel power gain. Fig. 2
helps to control the quality of service given a set of the system
parameters. For instance, an outage probability less than 10−4

can be achieved, if the receiver feeds back the location of
the best 7 subchannels, without their actual channel gains, for
Smax = 20 and 30 dBm.

V. CONCLUSION

In this paper, we analyzed the performance of two low-
complexity uniform power loading with reduced-overhead
OFDM schemes over Rayleigh fading channels. Both schemes
requires no processing at the transmitter for every channel
realization, which significantly reduces the system complexity.
We derived closed-form expressions for the capacity and
outage capacity for the 1st and 2nd schemes, respectively.
Numerical results showed that the optimal number of the
ordered subchannels M depends on the system parameters,
i.e., average channel gain and available power budget. For
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Fig. 1: The achievable capacity versus the ordered subchannel index
for Smax = 30 dBm and average channel gains of −5, 0, and 5
dB. Solid blue lines represents numerical expression in (2), dash red
lines represents simulation results, and dash-dot green line (with ×
marker) represents the capacity obtained from optimal WF solutions.
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Fig. 2: Outage probability as a function of average channel gain for
Rmin = 1 bits/sec/Hz and Smax = 20, 30, and 40 dBm.

example, using as low as the 3 best subchannels can reach
up to 98.72% of the channel capacity. The analysis presented
in this paper can assist to simplify the design of OFDMA
systems.
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