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Abstract—In this paper, a predictive closed power control loop for mobile communication systems
is simulated employing actual multiuser interference. It is shown that when the estimates of the re-
ceived power level are noisy, and the control loop response is inherently delay-limited, predictive
lowpass filtering can be applied to improve the received power level estimates and overall system
performance. In this paper, comparative bit error rates and relative transmitter power consump-
tions between a predictive and a conventional control scheme are presented.

I. INTRODUCTION

As the CDMA systems are inherently interference limited, it is of paramount importance in the uplink
transmission (from mobile to base station) to keep the received power level from each mobile unit con-
stant in the average [1]. The need for power control has been widely studied, and the capacity of a CDMA
system is found to greatly depend on the power control function [1], [2]. In this study, the mobile trans-
mitter power control, used to counteract Rayleigh fading, is achieved through a closed power control loop
for which it is necessary to estimate the received power level.

II. CLOSED LOOP POWER CONTROL SIMULATOR

To clearly demonstrate the effects of the predictive power controller, simulator components are kept as
simple as possible. Simulation parameters are derived from those presented for the Qualcomm CDMA
system in [3]. Some parameters are adjusted for simulation purposes. Both data and spreading code are
random binary sequences produced by maximum length shift registers with periods of 2 131

�  and 127, re-
spectively. 127 is also the number of chips per bit. The carrier frequency is 1.8 GHz and the chip fre-
quency 1.2288 MHz, as in [3]. To clarify power control effects, and to reduce simulation execution time,
the power control frequency is double that given in [3], i.e., transmission power is controlled every 6 bits.
At each control instant, the transmission power is either increased or reduced by 1 dB.

In the simulations, there are altogether 5 or 10 identically power controlled users which are connected
to a common base station and interfere with each other. The observed mobile experiences a total control
loop delay of either 2, 50 or 127 chip durations while all the other interfering users have their loop delay
set to 2 chip durations. Mobile speeds vi, i=1, …, 9, of the interfering users are set to vi=i ·5 km/h, in the
10 user simulations, and to vi=i ·10 km/h in the 5 user simulations. The observed mobile is moving with
the speed of 10 km/h or 30 km/h. Also, a white Gaussian noise (WGN) interference model is used for
comparisons. The complex WGN used has zero mean and component variance of 1 or 5.

The transmitter applies differential encoding and binary phase shift keying (BPSK) to the data before
applying the spreading code, and sets the power level. In the channel, Rayleigh fading is applied to the
transmitted signal. The average fading power is set to 0 dB in all the users’ channels. Complex additive
white Gaussian noise (AWGN) of component variance 0.05 is added to simulate receiver noise. The
receiver model is exactly synchronized, and the spreading code is perfectly known.  From the receiver, the
despread and integrated, but not yet differentially decoded, signal is fed to the controller as the input. The
control is based on the estimated received signal power level originated from the mobile being controlled,
and aims to maintain the constant desired received power level irrespective of the fading and interference.
The predictive filtering is independently applied to the in-phase and quadrature components of the
controller input. After prediction, average signal power is calculated, and the power control command bit
is send to the mobile transmitter accordingly. The non-predictive reference controller is exactly identical
with the predictive controller, except that the predictors are omitted. In the predictive controller, the first
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degree lowpass Heinonen-Neuvo polynomial predictor [4] of length 15, analyzed in [5], is applied.
Results for a single user system have been presented in [6].

III. SIMULATION RESULTS

A little surprisingly, the prediction does not have much effect on the achieved bit error rates, given in
Table 1. Varying the loop delay also makes little difference. The same simulations were also run with the
total power control loop delays of 50 and 127 chip durations, and the BER results differ at most by
0.1·10-3 from those given in Table 1. In all the cases with actual multiuser interference, cumulative power
consumptions, Table 2, are consistently a little lower when employing predictive received power level
estimation, though the improvement is actually only marginal. Employing the WGN interference model,
power consumptions of the predictive systems are equal or a little higher than those with the reference
system. Although the variance of the user’s radio channel output is not the variable that is actually con-
trolled, it directly affects the interference experienced by the other users. The variance reductions
achieved though applying the prediction are listed in Table 3.

Table 1. BERs from the simulations of 100000 bits with the total control loop delay of 2 chip durations.
In the WGN interference simulations the mobile speed was 10 km/h.

Controller 5 users, 10 km/h 5 users, 30 km/h 10 users, 10 km/h 10 users, 30 km/h WGN var = 1 WGN var = 5
reference 7.6·10-3 13.6·10-3 5.2·10-3 9.5·10-3 9.6·10-3 22.8·10-3

predictive 7.6·10-3 13.6·10-3 5.1·10-3 9.6·10-3 9.6·10-3 22.6·10-3

Table 2. Power savings achieved employing the prediction from the simulations with the total control loop delay
of 2 or 127 chip durations. In the WGN interference simulations the mobile speed was 10 km/h.

Loop delay 5 users, 10 km/h 5 users, 30 km/h 10 users, 10 km/h 10 users, 30 km/h WGN var = 1 WGN var = 5
2 chips 0.3 % 1.3 % 0.3 % 1.3 % 0.3 % -0.4 %

127 chips 0.2 % 1.1 % 0.3 % 1.2 % 0 % -0.6 %

Table 3. Channel output variance reductions achieved by applying the prediction.
In the WGN interference simulations the mobile speed was 10 km/h.

Loop delay 5 users, 10 km/h 5 users, 30 km/h 10 users, 10 km/h 10 users, 30 km/h WGN var = 1 WGN var = 5
2 chips 4.0 % 2.3 % -0.2 % 4.1 % 3.2 % 3.3 %

127 chips 1.8 % 3.2 % 0.2 % 4.5 % 2.2 % 0.0 %

IV. CONCLUSIONS

In this paper, it is shown by simulations that the predictive filtering can be successfully applied to the
as pre user received power level based closed loop power control. The results show that in most cases
transmitter power consumption may be slightly reduced, and the channel fading is slightly better counter-
acted with the predictive control, while maintaining the same BER as with the non-predictive control.
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