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Abstract: In this paper, an improvement to the adaptive power control algorithms for Wideband Code Division Multiple Access
(WCDMA) systems is proposed. The proposed scheme uses an enhanced adaptive power step size technique to mitigate high
fluctuations in the radio interface. A buffer zone within the range of a set threshold value was integrated to help reduce
oscillations around the target QoS level which is the problem faced by the conventional Adaptive Step Power Control (ASPC)
scheme. In this algorithm, intelligence was added to feedback decisions which helped with faster convergence in attaining
preferential levels by the mobile and base station. The algorithm can be applied in uplink Frequency Division Duplex (FDD)
mode, where closed-loop power control algorithms are used. Simulation results showed that the proposed algorithm decreased
the outage probability and reduced drastically the transmitted power when compared to ASPC and its variants, which enhances
the channel capacity.
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I.  INTRODUCTION

The demand for higher capacity and better service quality in wireless mobile communication systems has been increasing
exponentially in the last decade. This is because of user mobility and flexibility, particularly on the communication channel between
Mobile Terminals (MT) and Base Station (BS) that cannot be provided in wired line. Unfortunately this wireless resource is a
bottleneck encompassed by limited system capacity and performance due to multipath propagation and large scale fading
experienced in wireless channels [1]. In Universal Mobile Telecommunication System (UMTS), coverage and capacity are
interdependent. UMTS is based on Wideband Code Division Multiple Access (WCDMA) technologies which are capable of
delivering high data rate services. However, when the number of users increases, the capacity will be decreased because the capacity
of WCDMA systems is interference limited. Therefore, it is important to minimise the interference in the systems. One of the
critical sources of interference is transmission power from other users in the uplink (mobiles to base stations). If the transmission
power in the uplink is not properly controlled, a mobile close to the base station may transmission excessive power causing large
interference to other users connecting to the same cell. This scenario results to the near—far effect resulting from one user’s
transmission power becoming a source of interference to others which significantly reduces system capacity. Consequently, it is
vital that a mechanism to control the transmit power be developed, which led to the development of various power control schemes
aimed at mitigating the near-far problem. These schemes are aimed at ensuring that the transmission power from and to all entities
in the system are just enough for maintaining the minimum SIR requirements of all connections. Thus, to maximize system
capacity, transmission should occur at power levels capable of ensuring minimal SIR requirements sufficient to ensure seamless
connections.

Therefore in this work, the introduction of EAPC in WCDMA system has helped in the maximization of system capacity through
power control algorithm that ensures SIR requirements.

Power control in wireless networks has been systematically studied since the 1970s. Thanks to the tremendous growth of cellular
networks and its transformative impacts on society, extensive research on cellular network power control has produced a wide and
deep set of results in terms of modelling, analysis, and design. The work by [2] simulated the performance of WCDMA with power
control as the focal point using matlab software program. In [3], an asymmetric power control step size technique, which the
increase and decrease step sizes were asymmetric, was proposed. Another adaptive step size power control in WCDMA was
proposed in [4] and [5]. The idea of this technique was to dynamically adapt the step size by a parameter called the dynamic
component of Dynamic Step Size (DSS) [4]. This parameter was defined based on the received SIR and SIRqarget in a corresponding
radio connection. The paper presented by [6] provided an overview of the different power allocation schemes adopted in cellular
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system along with power control mechanisms. The exact impact of the power control mechanisms was analyzed by reviewing some
fundamental approaches which showed the impact of the power control schemes on the design of energy efficient design. In [7] a
comparison of various power control algorithms such as: Fixed Step Power Control (FSPC), Adaptive Step Power Control (ASPC),
and Modified Adaptive Step Power control (MASPC) was done. It was realized that some had better advantages over the other.
There were able to deduce that MASPC gives far better stability to the communication system than that of ASPC at the expense of
increased complexity.

1. POWER CONTROL IN WCDMA SYSTEMS

Power control is basically classified into open-loop and closed-loop power control. Open-loop power control is employed at the
beginning of a connection, it sets the initial transmit power levels for the UE and in downlink direction it determines the transmit
power levels for the downlink channels. The open loop power control uses the measurement reports of the UE about the received
power from the BS, and it then decides how to set the transmit downlink power levels [8].
Power control for UMTS is closed loop which involve a combination of inner-loop and outer-loop power control algorithms. The
inner loop power control is also known as the fast closed loop power control. The fast closed loop controls the transmission power
levels for UE and BS based on the received signal-to-interference ratio (SIR) level at BS and UE, to combat fading characteristics of
the radio channel [8]. The Transmit Power Control (TPC) commands are sent by UE and BS providing the information either to
increase or decrease the transmission power levels. The outer loop power control provides the target SIR level for the inner loop
power control. The outer loop power control adjusts the target SIR to achieve the desirable Block Error Rate (BLER) for the
particular service (voice or data) carried out by the UE. The change in the mobile speed or the multipath propagation environment
also results in the adjustment of the targeted SIR [8].
Power control algorithms in the UMTS were specified in the 3rd Generation Partnership Project (3GPP) standardization forum
[9][10] for Frequency Division Duplex (FDD) and Time Division Duplex (TDD) modes respectively. The 3GPP inner loop power
control procedures can be described in the following steps:
The Base Station (BS) estimates the received SIR from a particular mobile.
The estimated SIR is compared with the corresponding SIR target.
If the estimated SIR is higher than the target, then the base station sends an "up” TPC command. Otherwise, a TPC "down"
command is sent. The Mobile Station (MS) obeys the command by increasing or decreasing the transmit power based on a fixed
step size, typically 1 dB [11].
The updated transmit power can be represented as shown by [12]:

pi(t +1) = P,(¢) + sign(y*(t) — y(t) 1)
Where all the variables are in decibels, P;(t), yt(t) and y(t) are the transmission power, SIR target and measured SIR respectively,
of user i at time t, while § is the fixed step size and the term sign is the sign function where

. _(lifx=0
Sign(x) = {—1,ifx <0 2
It can be noted that sign (SIR;qrger — SIR.s) = —1 is equivalent to a TPC power up command which can be represented by bit 0.

From (1), it can be observed that the transmit power will be increased or decreased by & (power control step size) on every time slot.
The transmitted power will always change even when there is no change in the channel and this causes oscillations with variations
around the SRt in a slow-varying radio environment. In addition to this, when the channel changes rapidly, the fixed step size is
unable to adequately control the power to compensate for the changes.

A. Adaptive Power Control

In wireless telecommunications systems, frequent fluctuations occur in the radio interface. Therefore, the received SIR may change
significantly and very fast. In many cases, the developed 3GPP power control may not be able to carry out these variations because
the power update step is fixed. In other words, the power is updated with a fixed step whatever the magnitude of variations in path
loss and interference profile may be. This leads to the degradation of QoS levels and some connections may be dropped. The
degradation is a usual behaviour of fast fading environment. The fixed step size lacks abilities to track the significant changes, so
that the transmitting power is controlled improperly leading to high variance of the transmitting power. Consequently, other Mobile
Station (MS) have to increase their transmit power to compensate for the power variation. As a result of increasing power, the total
interference in the system is also increased. This situation significantly reduces the system capacity as CDMA systems are
interference limited. On the other hand, when the quality of the radio channel elapses the deep fading, the MS under this channel
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should decrease their transmit power in order to minimise the total interference. However, in the rapid change situation, changing
the transmit power by fixed step size of 1 dB is not fast enough to lessen the transmit power, resulting in excessive interference to
other MS. Hence, an efficient power control method with an adaptive PC step size mitigates such problems.

Adaptive step size algorithms are designed with a capability of reducing the oscillations and increase the speed of power control to
follow the rapid change of QoS of radio channels. However, the limited amplifier precision prevents transmitters from using very
low power control steps; therefore, oscillations are not totally eliminated. SIR oscillations appear due to the fact that the power is
either increased or decreased even if the SIR is very close to SIRarget. Therefore, the received SIR may oscillate around SIRarget With
high variance. To circumvent this problem, a buffer zone based on hysteresis was introduced in the EAPC algorithm employed in
this work. To eliminate the oscillations completely while maintaining a comparable rate of reduction of outage percentage, two
threshold levels: the lower critical threshold and the upper critical threshold provided a memory-based damping effect similar to
hysteresis which solves the problem of oscillation.

B. Development of the Enhanced Adaptive Power Control System
The EAPC algorithm is simply the combination of the FSPC algorithm, the AS method, and the DCPC algorithm.
The FSPC and DCPC algorithm is described respectively by [13]:
P(t+1) = P(t) + 8sign(y* (1) — v(1))
And
P(t + 1) = min{p max,p (t) + 8.(t)} ©)

Where: e (t) =yt (t) —y(t) and u (t) = sign (e(t)) 4)
Considering uplink, the BS generates the commands u(t) € {—1,1}. Just like the FSPC algorithm, the commands are transmitted to
the MS, which applies Adaptive Step to generate a reconstruction &g (t) of the Power Control (PC) misadjustment, and then updates
its power as in the DCPC algorithm, but using the reconstructed value instead of the true e(t). This is described by:

gg(t) = a(t 1)8g(t- 1) + Seu (1) ()
Where: 8, is the update parameter and a(t, 1) implements the sign change.
The idea employed here is such that if the two latest TPC commands have the same sign (e.g. if u (t) = u (t-1) = +1), the
reconstruction of e(t) is updated by &, to the direction of the last command u(t) so as to increase the step size of the next power
update. If the two latest commands have different signs (e.g. if u (t) # u (t-1)), a zero crossing must have happened in the signal e(t),
and the reconstruction also crosses zero.
The condition for the change in sign is applied mathematically like in the Adaptive Step (AS) method by the condition:

at D ={5 i uideu) ©)
The performance of the EAPC algorithm depends on the selection of the update parameter &,. If too small &, is selected, then the
reconstruction cannot track the actual misadjustment e(t). This can happen for example during a deep fade in the radio channel. On
the other hand, if §, selected is too big, then the advantage of the “fine-tuning” provided by the adaptation method to the power
control algorithm is significantly reduced. To circumvent these problems, the update parameter is adapted to meet varying
conditions.
The reason for adapting the step size in the first place is to make the transmission power to change faster if the consecutive TPC
commands have the same sign. To adapt, the update parameter the FSPC algorithm is considered. In the FSPC algorithm, the PC
step size § is fixed and the best situation is achieved when the commands (power updates) generated by the FSPC algorithm are
consecutively +1’s and -1’s, since in this case the PC misadjustment e(t) oscillates between the opposite sides of the origin at
consecutive samples. The amplitude of this oscillation depends on the step size. Now, consider that the decreased step size is applied
at the transmitter, while maintaining the consecutive up-down command flow, the amplitude of the oscillation of the PC
misadjustment in this case would be decreased. If the continuous up-down command flow breaks, the step size could be increased
again. This can be achieved based on the following modification of the update parameter:

8e(t) = 8e (t-1) +Su (Yu(t-1) (7)
Where §; controls the rate of change of the update parameter §(t), which is now time-varying. The idea behind this method is that
the update parameter is decreased every time the two most recent PC commands have different signs, otherwise it is increased. In
this way the algorithm tries to find the smallest update step size that still leads to consecutive up-down PC command flow. To
prevent the update step size from growing too large, it should be limited. A limit of 1 dB was used in all the simulations and §; =
0.01. The cell load was given as the number of maobile users per cell at a given instant of time.
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With this, the developed model for the EAPC algorithm is given as

P(t+1) = P(t) + 8es(t) 8
Where es(t) = a(t, 1)e,(t - 1) + 8.u (t) )
8e(t) =6 (t-1) +8cu (u(t-1) (10)

The pseudo code for the Enhanced Adaptive Power Control algorithm follows these steps:

1) The mobile stations measure the observed value of the SIR at each iteration and compare them with the preset lower and upper
critical threshold values.

2) If the observed SIR is smaller than the lower critical threshold, then the maobile sends a power—up command to the base station.
The first power update command is interpreted as a fixed step modification; however, the EAPC algorithm dynamically adjusts
the step size if successive feedback commands request additional change in the power level in the same direction.

3) If the observed threshold is between the lower and the upper critical threshold values, then the mobile does not send any control
signal to the base station, thereby eliminating oscillations observed at low outage percentage of Multiple Step Power Control
(MSPC) algorithm.

4) The increment in size is chosen larger than the decrement in size. This ensures that MS’s in outage can quickly come out of
outage.

5) Once the MS’s are active and not in the buffer region, the smaller decrement size brings the MS back into the buffer region.
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1. RESULTS AND ANALYSIS

A. Simulation Testbed

The simulation program was implemented using MATLAB. It has seven cells in a hexagonal pattern, where the cell radius is 50 m
and base station antenna height is 24 m. At the centre of each cell, a base station with an omnidirectional antenna is located. The
thermal noise at the base station receiver is -113 dBm MS’s are uniformly distributed over the seven cells. The chip rate is 5
Mchip/s as in WCDMA. The target bit-energy to interference-spectral-density ratio (Eb = Io) is 6 dB for every user. In the
beginning of the simulation, the users were assigned velocities randomly between V,,;,, km/h and V,,,,,, km/h and a random direction
of movement. These were not changed during simulation. The maximum transmit power of MS was 250mW (24 dBm). Each MS
was connected to the closest base station and ideal handovers were assumed in the sense that each user was connected to the base
station with the least channel attenuation at all times. The services modelled in the simulation were 12.2 kbps voice services with
100% activity factor. The initial transmit power was based on the open-loop power control. The threshold value used was -14db,
while the upper critical and lower critical threshold values were: -13.5db and -14.5dB respectively.

B. Simulation Results

System availability is the main performance metric considered in this work. This is a very important parameter that is fundamental
in system analysis. The outage probability was one of the performance measures adopted for this work which was described as the
probability that the signal-to-noise ratio (SNR) at the output is below a given threshold value. The outage threshold is a limit value
for the SNR that measures the quality of service, (QoS). This QoS parameter was simulated and analyzed as outage performance
metric since it was applied for different QoS requirements

Outage probability for e Enhanced Adaptive Power Control (EAPC)
100

90 *\
80

-~
o

e of mobiles in outage
=] = =

w
(=3

percentag

. N
N

0 e
0 2 4 6 8 10 12 14 16 18 20

Number of lteration

Fig. 2 Outage probability for the EAPC algorithm

Fig. 2 shows the outage probability plot of the EAPC algorithm. From the plot it is seen that as at the 16" iteration, there are no MS
in outage.
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Fig. 3 shows that there was a reduction in the percentage of outages as the number of iteration increases. However, oscillations were
observed in the case of the adaptive step power control (ASPC) algorithm due to the single threshold separating the outage and non-
outage regions. This work introduced a buffer zone based on hysteresis in the EAPC algorithm which eliminated the oscillations
completely while maintaining a comparable rate of reduction of outage percentage, as seen in Fig. 3.

As the radio channel is highly stochastic, the channel characteristics vary very quickly. So, the power update by any power control
algorithm should be fast enough to converge and stabilize the system quickly. So, the speed of convergence is an important
performance comparison parameter that gives the responsiveness of the power control algorithm.
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Fig. 4 Comparison of Rate of Convergence
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Fig.4 depicts the variance of power levels in all consecutive iterations for the four algorithms. From the plot it is clear that ASPC
converged quicker than the Multiple Step Power Control (MSPC) as discussed in [14] and FSPC, but the EAPC almost converged
instantly. The relatively high values of outage probabilities were due to the ‘admit-all' policy. A convenient admission policy, which
could be associated with power control, would lead to better performances. Yet, Fig. 4 shows the amelioration of the outage
probability due to the use of the ASPC algorithm. The faster convergence of the EAPC algorithm lead to a smaller outage
probability, as noticed in Fig. 3. For the same outage probability, the EAPC leads to a greater average number of MS per cell and
thus increased the network capacity

IV.  CONCLUSION AND RECOMMENDATION

Power control in 3G WCDMA System was studied in this work. The performance of different basic distributed power control
algorithms were evaluated and compared on the basis of the simulations in Matlab. The algorithm was based on an adaptive
modification of the transmitted power update step size. It was observed that the Adaptive-Step Power Control Algorithm, which was
easily implemented, was an interesting variant of the one-bit command Power Control of WCDMA System. An enhancement to the
ASPC algorithm was obtained using the concept of hysteresis, by introducing a buffer region instead of a single SIR threshold. This
resulted in a better performance in terms of mitigating the oscillations of the MS in outage at lower values of outage percentage.
This improvement allows the WCDMA system to accommodate more users which by extension means that larger cells can be
allowed, thus achieving coverage extension, which was an improvement in the QoS of the network and also increased network
capacity.

For future research work, Soft handover in WCDMA should be investigated, Mobile terminal connecting to at least three base
station while evaluating signals from them to know which of them has a stronger link quality creates some challenges in effective
power control in WCDMA.
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