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a b s t r a c t

In cellular mobile systems, the received carrier-to-interference ratio (CIR) can be main-
tained within the desirable range provided that the path gain remains approximately con-
stant over a number of consecutive power control steps. However, when channels suffer
short-term fading, it is not clear whether existing power control algorithms remain conver-
gent. This paper proposes a distributed fixed-step power control algorithm with binary
feedback via window concept for cellular mobile systems. The essence of the proposed algo-
rithm is that the power control step size can be regulated by window size. The performance
of the proposed scheme is analyzed in short-term fading channels. A sufficient condition for
system stability is derived using a simple received CIR model and a power control window.
It is shown herein that the bound of the received CIR of each user varies as a function of the
target CIR, the size of the power control step and the link gain. The analysis and simulation
results show that if the step size is properly set according to the window size, the proposed
algorithm can achieve a small convergence region and a fast convergence rate.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Power control is an important element of resource management in cellular mobile systems, and is an essential technique
for reducing co-channel interference, thereby increasing the system capacity. In addition, power control also plays a vital
role in coping with the near-far problem in direct-sequence code-division multiple-access (DS-CDMA) systems. In mobile
communications, the quality of a communication link is generally measured in terms of the carrier-to-interference ratio
(CIR). Various optimum power control (OPC) methods have been proposed [1,2]; they operate in a synchronous and central-
ized manner with the assumption of the link gains being known. The OPC methods are optimum in the sense of minimizing
the outage probability. To minimize the outage probability, Zander derived an optimal power vector [1], which is equivalent
to the Perron–Frobenius’ eigenvector. In addition, a two-level hierarchical power control structure was proposed in [3] to
carry out the eigen decomposition process required for a CIR-balanced OPC. The computations performed by the algorithms
in [1–3] are based on global information; hence, these schemes are generally referred to as centralized algorithms.

In [4], Foschini and Miljanic developed a distributed power control algorithm to establish the power allocation solution
which minimizes power consumption while simultaneously satisfying the quality-of-service (QoS) requirements. In [5], Sung
and Wong developed a distributed fixed-step power control algorithm and investigated the convergence properties of the
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algorithm for time invariant systems. Sung and Wong’s algorithm, a discrete version of the scheme proposed by Foschini and
Miljanic, employs a two-bit power control command; the received CIR of each user is thereby converged to a fixed value.

In [6], the authors proposed a fixed-step power control scheme for a finite state Markov channel model and evaluated the
bit error rate performance. An adaptive two-loop power tracking control scheme was proposed in [7] for DS-CDMA cellular
systems. The scheme combined the two controllers in the outer loop and inner loop; target CIR tracking and utility optimi-
zation can thereby be achieved. In addition, the stability and convergence of the proposed scheme was discussed.

The time varying nature of channels as a result of fading and user mobility is common in practical networks. Various
investigations of power control algorithms for time varying systems can be found in the literatures (e.g., [8–10]). In [8],
the authors developed a distributed power control scheme based on the fixed-step approach introduced in [5] and demon-
strated that this scheme is robust in coping with time varying link gains and noise variations. The results of the proposed
algorithm showed that the CIR of each user successfully converged to a specified target region. In [11], a general formula
for the bound of the received CIR is derived in the presence of short-term fading. The bound of the received CIR is shown
to be a function of the number of power control steps, the step size and the dead factor.

In [12], the author employed a binary feedback scheme to investigate the stability behavior of the system. In the fixed-
step power control algorithm, the power level of each transmitter is changed by a fixed amount at every iteration; the trans-
mission power has also been shown not to converge to a fixed value, as shown in [13–15]. However, in [16], it was shown
that the received CIR of each user can be controlled to fall within a specific range which is governed by the target CIR and the
step size. In [16], the convergence property of a cellular system was investigated under the assumption that all of the link
gains were fixed for a number of consecutive power control steps. However, when varying link gains are considered, i.e.,
when short-term fading is taken into account, it is not clear whether the power control algorithm presented in [16] remains
stable. In [17], the system stability of a binary fixed-step power control algorithm in short-term fading channels was ana-
lyzed using a simple received CIR model. The results showed that the received CIR could be maintained within a specific
range provided that the absolute value of the maximum interference variation between two consecutive measurements
was no larger than the power control step size; however, when the interference variation between two consecutive measure-
ments was larger than the step size, the bound did not exist.

In this paper, we consider the case that the interference variations between two consecutive measurements may be larger
than the step size. We use a binary fixed-step power control algorithm with a simple received CIR model of the time varying
systems to investigate the bound of the received CIR in short-term fading channels. Our proposed algorithm regulates the
step size by a sliding window. The sliding window is used to average the link gains difference between a number of consec-
utive measurements. We mathematically show that if the step size is properly set according to the size of the window, the
system can be stable so that the bound of the received CIR can be determined by the target CIR and the power control step
size. We also conduct a series of simulation experiments to investigate the convergence rate of the proposed power control
scheme.

The remainder of this paper is organized as follows. Section 2 describes the system models. Section 3 presents the con-
vergence analysis. Section 4 presents the simulation results. Finally, some concluding remarks are offered in Section 5.

2. System descriptions

In a mobile radio environment, the statistical characteristics of a channel can be modeled in terms of three independent
components: the path loss, the long-term fading and the short-term fading.

The path loss, denoted by D(t), can be expressed as:

DðtÞ / r�c; ð1Þ

where r is the distance between the mobile station and the base station and c is the path loss exponent, ranging from 2 to 5.
In this study, we set c = 4, corresponding to an urban environment [18].

The long-term fading, denoted by L(t), is modeled as a log-normal distribution:

LðtÞ ¼ 10
XðtÞ
10 ; ð2Þ

where X(t) is a Gaussian process with a mean l and a variance r2. The standard deviation, r, is determined by the terrestrial
configuration and ranges from 5 to 12, with 8 being a typical value [19].

The short-term fading can be described using the multipath fading model given in [3]:

SðtÞ ¼
XM

i¼1

Aiej2pðfoþfD;iÞtþhi ; ð3Þ

where M is the number of multipath beams, Ai is the amplitude of the ith path, fo is the carrier frequency, fD,i is the Doppler
shift and hi is the random phase with a value uniformly distributed over the interval 0 to 2p. In (3), the value of M is chosen
such that the in-phase and quadrature components of S(t) are uncorrelated [20]. If a mobile station is moving along the x-axis
with velocity v, then fD,i is given by:

fD;i ¼ fm cos ui; ð4Þ
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