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Abstract 

We consider two non-iterative algorithms of adaptive power loading for multicarrier modulation (MCM) 
system, The first one minimizes the average power of the system transmitter and ensures the preset average 
bit-error rate, while the second reduces the average transmitting power subject to the given values of de-
manded bit-error rate and of the outage probability. The algorithms may be used for power-efficient man-
agement of the up-link in cellular communication, where mobile terminals use rechargeable batteries, or of 
the downlink in satellite communication with solar power source of a transponder. We present performance 
analysis of the adaptive MCM systems supported by computer simulation for the case of the m-Nakagami 
fading and additive white Gaussian noise in the forward and backward channels. Evaluation of the power 
gain of the proposed strategies and its comparison with uniform power loading shows that the gain depends 
on the fading depth and average signal to noise ratio in the system sub-channels. 
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1. Introduction 

Data transmission over bandwidth-limited channel using 
a multicarrier modulation (MCM) has attracted a lot of 
interest, due to its ability to achieve relatively good re-
ception quality in spite of frequency selective fading. If 
the channel state information (CSI) is available at the 
transmitter side, the MCM system performance can be 
significantly improved by means of adaptive power 
loading (APL) [1–5].  

In this paper, we propose two non-iterative APL 
strategies. The first strategy, relevant to the case of con-
tinuous data transmission, is to minimize the average 
transmitting power required for the given value the av-
erage bit-error rate (ABER). The purpose of the second 
strategy, more suitable for packet transmission, is to 
search for a value of the average transmitting power 
which is sufficient for given values of ABER and of the 
outage probability. The proposed strategies might be 
useful for power management of the uplink cellular 
communication channel, since mobile terminals use re-
chargeable batteries, or of the downlink from a satellite 
transponder with solar power sources.  

At first, we assume that the communication channel is 
time-invariant, i.e. it has a “frozen” frequency-selective 

transfer function and suffers only from additive Gaussian 
noise. Under the assumption of the perfect channel state 
information we evaluate average power gain (APG) due 
to adaptation as a function of the Signal-to-Noise Ratio 
averaged over the system sub channels (ASNR). Al-
though this premise is too optimistic, it is widely used in 
the literature while evaluating the upper bound for per-
formance of the adaptive MCM system.  

2. Algorithms of Adaptive Power Loading  

We assume that the channel amplitude transfer function 
is well staircase approximated, i.e. it may be presented as 
a set of equal-bandwidth sub-channels, each with the 
same noise power 

N
2 and with a constant random gain 

 nK n , N,1  known to the transmitter precisely. The 

ABER of the MCM system is defined as   
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where  is the bit-error rate in the n-th sub channel nerp
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is the normalized partial SNR and nTrP  is the power 
loaded in the nth sub channel.  

2.1. The First Algorithm 

We define the normalized partial BER in the AMCM 
system as  
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It is evident that 
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and the total transmitted power is written now as 

 n
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The search of the optimal power partition vector 

 N

noptnTroptNTr P
1

P  

can be formulated as minimization of (5) subject to the 
required value of ABER constP Ner   and can be 

found by the LaGrange method, i.e. solving the system 
of equations: 
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where  
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and   is the LaGrange multiplier.  
Let us consider, for example, the solution to this prob-

lem for the case of MPSK modulation in sub channels, 
for which BER in the nth sub channel is [7] 
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It is well known that -function may be approxi-

mated as 

Q

   axaxQ 2exp              (9) 

where a is the coefficient dependent on . From (8) and 
(9), we obtain the following expression for the partial 
BER 

2x

 nTrnner Pp  21 exp           (10) 

and using a simple transformation of (1) together with 
(3), the total transmitter power may be written as 
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where 
Ma 21 log2             (12) 

and 
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Substituting (11) into (6) and searching for  

subject to

NTrPmin

constP Ner  , we obtain the optimal transmit-

ter power partition 
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The minimal total transmitting power  pro-

viding the given value of ABER of the MCM system is 
written as 

optNTrP
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2.2. The Second Algorithm 

Let us assume that certain time invariant bounded value 
of the ABER is required  

  bounder
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and the average transmitting power is to be minimized. 
For the non adaptive MCM system the condition is 
reached for any value  if the equal power 

 loaded into any sub-channels satisfies the follow-

ing condition  
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To achieve the requested value of BER in all sub 
channels of the AMCM system, the total power of the 
transmitter  nNTr KP  should be distributed between 

sub channels in conformity with the following rule 
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Subject to the equity of the total transmitting powers 
in the adaptive and in the system with uniform power 
loading of the sub-channels. If the condition minKK n   
is not satisfied for certain sub-channels, they are blocked, 
and instead a test signal for the sub-channels quality 

control is transferred
1
. 

Communication reliability can be defined as the prob-
ability of this condition being satisfied in all sub-chan-
nels of the system 

    out
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where  it the minimal value of the sub channel ga- minK

in, that provides the required value of the BER for given 
 and  is outage probability. NTrP outP

3. Performance of the Adaptive MCM  
System in Fading Channel 

In this Section, we consider the performance of the pro-
posed systems in a time-varying channel. We assume 
that fading processes in the sub channels are mutually 
independent and have the same m-Nakagami probability 
density function (PDF) [7] of the sub channels gain  
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where  and >0 are parameters and 5.0m 2
0K    is 

the Gamma function. The PDF (20) is able to span the 
entire range from the deepest one-sided Gaussian fading 
to no-fading conditions and it is widely used to fit ex-
perimental data obtained on a variety of propagation 
paths from HF sky wave transmission to UHF urban ra-
dio propagation and VHF satellite links [7].  

Let us define the Average Power Gain (APG) of the 
AMCM system in fading channel as  

    NTr
U
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where  is the total transmitted power of MCM-U 

system and 

 U
NTrP

NTrP is the average transmitting power of 

the system with APL. Using Equations (15), (18), (19) 
and (20) we obtain, after certain transformations, the 
final expressions for APG. For the optimal APL 
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where  
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 kI  is the modified Bessel function of the -th or-

der and 

k

 mK is the McDonald function of the -th 

order.  

m

For the second APL strategy APG is written as 
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where 
2
0
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0
K

K
 ,  yx,  is incomplete gamma 

function and  yx,  is alternative incomplete gamma 

function. For this case the equation for the outage prob-
ability  may be obtained from (17) and (18):  outP
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Figure 1. Average power gain of the first APL algorithm as 
a function of the average SNR. 
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1This algorithm was mentioned under the name: Truncated Channel 
Inversion Power Loading Algorithm in [7]. In [5] the result of its use 
for minimization of error probability, and in [7] for maximization of the 
system capacity was investigated. 

Figure 2. Average power gain of second APL algorithm as a 
function of the average SNR. 
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Figure 3. Outage probability of the second APL algorithm 
as a function of the average SNR. 
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The results of simulation and calculation of  APG as 
a function of average normalized SNR is presented in 
Figure 1 for the first APL algorithm and in Figure 2 for 
the second one (N=16, m=0.75; 1.; 2). The results indi-
cate that the gain increases, with increasing of average 
normalized SNR in sub channels (at the expense of in-

crease  22
0 nKEK  ). It is necessary to underline here, 

that as the depth of fading increases (lower m) the APG 
becomes more significant. 

When comparing the gain values for the proposed 
strategies it is necessary to take into account that optimal 
APL algorithm (15)) provides minimum of average 
transmitting power at the same size of ABER that was 
obtained in MCM system with uniform power distribu-
tion (MCM-U). On the other hand the algorithm (18)) 
reduces the average power for a given values of BER and 
outage probability. Outage probability  as a func-

tion of average normalized SNR is presented in Figure 3, 

from where it follows that  decreases with increas-

ing of average normalized SNR and increases for more 
deeply of fading (lower value of m). 

outP

outP

4. Conclusions 

In this letter, we investigate low-complexity (non-itera-
tive) algorithms of power-adaptation of MCM system in 
slow m-Nakagami fading channel. The first of the algo-
rithms is relevant to continuous data transmission and 
minimizes the average power of the system transmitter 
subject to the required value of the average BER. The 
second algorithm searches for such value of the trans-
mitter power that is sufficient for the given values of the 
average BER and of the system outage probability. The 
gain in transmitting power increases with increasing of 
the fading depth, and of the average SNR. In sub- 
Rayleigh and Rayleigh channels it can exceed 10 dB. 
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