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ABSTRACT

In Wideband code-division multiple-access (WCDMA) systems, all users share the same time and
frequency resources and may lead to near far problem, where power control forms an effective solution.
A power control algorithm aims to reduce transmission power and interference level, and to maximize
system capacity. In this paper, we propose an adaptive power control mechanism for multimedia traffic
in WCDMA networks. The proposed algorithm uses two most recent Transmit Power Control (TPC)
commands to compute the Adaptive Factor (AF) based on a predefined Adaptive Control Factor (ACF).
We introduce another parameter, Power Determining Factor (PDF) based on the data traffic rate to
determine the power. Based on this parameter, the power is increased or decreased. Depending on the
traffic rate, the PDF factor is updated i.e., if the observed traffic rate is high, then it will increase the
parameter and subsequently increases the power and if it is low, then the parameter will be decreased
and correspondingly the power also. By simulation results, we show that the proposed power control
algorithm reduces the power consumption of multimedia traffic.
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1. INTRODUCTION

1.1 WCDMA

Wideband code-division multiple-access (WCDMA) [1] forms the basis of the air interface in
the 3™ generation cellular mobile communications. It has higher speeds and it supports more
users as it utilizes the direct-sequence spread spectrum method of asynchronous code division
multiple accesses. WCDMA is a wide band spread- spectrum channel access method and is a
type of 3G cellular network. The technology behind the 3G UMTS [2] standard is WCDMA
and is allied with the 2G GSM standard. Here in WCDMA, each signal transmitted in the air
interface is presented as a wideband noise to the desired signal and so is an interference limited
system. If there are a large number of users, then the mutual interference between the
connections degrades the QoS for the new user as well for the ongoing connections [3].
WCDMA is adaptable to distribute multimedia traffic [4].
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1.2 POWER CONTROL

There are different channels in the CDMA system and the minimum Signal to Interference
Ratio (SIR) of each channel is maximized by the power control mechanisms. So in order to
increase the capacity of CDMA system in terms of the number of concurrent calls in the
commonly used bandwidth [5], we must use an efficient power control design. The power
control reduces the mutual interference between the users and near-far fading effects and it also
maintain acceptable connections in wireless communications systems [6].As it reduces the
interference, the cell capacity improves and thus increase the battery life by using a minimum
transmitter power. The main characteristics of power control are compensation of fading
channels and changes in the transmitted powers of interfering users. Power control is also
known as the Transmit Power Control (TPC) [11] since each user changes their access to the
resources by setting its transmitting power to the changing channel and interference conditions.
TPC is a considerable design problem in CDMA systems.

The power control in WCDMA is SIR based [1], [5]. In WCDMA, there may exist near far
problem, since all users share the same time and frequency resources. Power control forms an
effective solution to this problem. The power control algorithms maximize the system capacity
and it reduces the transmission power and interference level [7]. In order to maximize the total
capacity in the cell, the power control in uplink must make signal powers from different users
nearly equal. By making the transmission power level received from all terminals as good as
possible at the home cell for the same QoS, the uplink power control lessens the near-far
problem. In downlink, power control keeps the signal at minimal required level to reduce the
interference to users in other cells and the signals transmitted are mutually orthogonal [10] and
that is why they do not interfere with each other.

Types of Power Control

There are three types of power control in WCDMA,

= The open loop power control: is for initial power setting of mobile station across the air
interface.

= Fast closed loop power control: can mitigate fast fading rate up to 1.5 kbps on uplink
and downlink. It uses a fixed quality target set in mobile station or base station.

= Quter loop power control: compensates changes in environment. It adjusts the SIR
target to achieve the required FER/BER/BLER. It depends on MS speed available, and
keeps multi path diversity [3].

Power of every transmitter is adjusted to the level required to meet the requested QoS. Due to
dynamic variation of the radio channel, the determination of the transmitted power is a difficult
task. The received power should be at an acceptable level [10], irrespective of the radio
environments.

1.3 PROBLEM IDENTIFICATION AND PROPOSED SOLUTION

In our previous work [14], traffic is classified as Real time (RT) and Non Real time (NRT) and
prioritized as High and low, respectively. For the high priority data traffic, a node can be in one
of two modes: low data traffic (LDT) or high data traffic (HDT). A node is in HDT only when
it receives a High Contention (HC) Message (HCM) from a two-hop neighbor within the last T
period. Otherwise, the node is in LDT. A node sends an HCM when it experiences high
contention due to high data traffic. Each node calculates the data traffic (DT) to calculate the
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contention. If DT is more than a threshold value DTy, then the nodes will send a HCM. In this
paper, we propose an adaptive power control mechanism for multimedia traffic in
WCDMA networks.

In addition to the maximum and minimum values [13] of the step sizes which are common
parameters for all adaptive power control techniques, an Adaptive Control Factor (ACF), is also
involved in this technique. The power control step size is adapted by multiplying a factor called
Adaptive Factor (AF) [12] with the fixed step size. This factor will be updated according to
received TPC commands.

In the proposed algorithm, we are introducing another parameter, Power Determining Factor
(PDF) based on the data traffic rate, to determine the power. Based on this parameter, we are
determining whether the power is increasing or decreasing. Depending on the traffic rate, the
PDF factor is updated i.e., If the received message is HCM, then it will increase the parameter
and subsequently increases the power and if the message is Low contention (LC), then the
parameter will be decreased and correspondingly the power also.

The paper is organized as follows: Section 2 presents the existing works on power control.
Section 3 describes the Proposed Adaptive Power Control Technique. Section 4 gives the
Simulation Results and performance comparison of protocol. Section 5 concludes the

paper.

2. EXISTING WORKS ON POWER CONTROL

S. A. El-Dolil et al. [3] have proposed a model to investigate the performance of multi-cell
admission control when heterogeneous traffic was considered. Tradeoffs between the dropping
and blocking probabilities have been discussed. As dropping an ongoing call was more
annoying than blocking a new one, dropping probability could be lowered without much
increase in blocking probability. Both homogenous and heterogeneous traffic were considered;
and concluded that more capacity gain is achieved under heterogeneous (hot around) traffic
distribution. But the results showed that high bit rate services suffered from both higher
blocking and dropping probabilities, so it was assumed that these services were with limited
coverage.

N. Mohan [4] has proposed a new CAC algorithm with power control for multiple services like
voice, video and data for multiclass users. It determined the optimum set of admissible users
with the optimum transmitting power level, so as to minimize the interference level and call
rejection rate. In addition to that, an adaptive scheduling scheme to allocate optimum rate for
each traffic queue was also proposed to minimize the scheduling delay.

Markus Laner et al. [7] have proposed the uplink OLPC related large-scale measurements,
performed on live Iub interfaces. Evaluations of the actual implemented algorithm showed that
it converges slowly; the reason being that the QoS was estimated by CRC. As the uncoded Bit
Error Ratio (BER) holds information about the QoS, that parameter could be used to increase
convergence speed of the OLPC. They presented a statistical model of the control path of the
OLPC which takes the uncoded BER information into account.

Rekha Patil and A. Damodaram [9] have proposed, a cross-layer based joint scheduling and
power control algorithm with the objective of minimizing the interference level and call
rejection rate. For achieving that, the algorithm determined the optimum set of admissible users
with suitable transmitting power level. They solved the multiple access problems in the
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distributed power control algorithm, the set of powers that could be used by the scheduled users
to satisfy their transmissions were determined.

Rachod Patachaianand, Kumbesan Sandrasegaran [13] has showed that there is a significant
correlation between TPC sequences and user mobility. They introduced a new parameter called
Consecutive TPC Ratio (CTR), which will be varied by user speeds. A new adaptive power
control algorithm was also proposed by them. The new power control algorithm uses CTRs to
adjust power control step sizes.

Rachod Patachaianand, Kumbesan Sandrasegaran [12] have first investigated the performance
of current power control algorithms and then proposed a new adaptive power control algorithm
for UMTS. The proposed algorithm could mitigate received SIR variations when channel
fading changed slowly. It was capable of tracking rapid changes in fast fading channels, where
other UMTS power control algorithms failed to handle.

3. PROPOSED ADAPTIVE POWER CONTROL TECHNIQUE

3.1 Outer and Inner Loop Power Control

The aim of a power control procedure is to ensure an adequate SIR for all mobiles in a system
by a simple algorithm. The algorithm requires feedback information from the receiver and
based on that, the transmitting power is adjusted at transmitter side. The information regarding
the feedback is delivered by means of the feedback information. The bandwidth of the feedback
is expensive and so the amount of information required by the procedure must be kept minimal.

There are outer and inner loop power controls. The outer-loop power control is performed by
Radio Network Controller (RNC). Based on some particular measured parameters such as
BLER (Block Error Rate), the outer loop power control adjusts the SIR target. The required
BLER depends on radio conditions and service types. According to the conditions and service
types, the individual SIR target of each mobile will be set. The requirement of SIR target will
be higher if a mobile moves quickly resulting in rapid change in radio channel and vice versa.
In addition, different service types require different BLER. The SIR targets of data services are
higher than the voice service as the data service requires lower BLER than voice services. The
frequency of SIR target updating is 10-100 Hz [12].

Inner loop power control mechanism adjusts the transmitted power to maintain the received
SIR equal to the SIR target at the receiver. In 3GPP specifications, each WCDMA frame of
length 10ms consists of 15 time slots and each of which consists of one bit of the power control
command called “Transmit Power Control” or TPC.TPC is a command, which increases or
decreases the transmitting power. The transmitter will be controlled to increase OR decrease the
transmit power, so that the power will always be oscillated even if the received SIR is close to
the SIR target. The step size will be increased if same TPC commands are detected or else the
updated step is very large, the step size will then be decreased.

The transmit power can be represented as:
P(t+1) =P(t) +A. sign (SIR target - SIRest) [dB] (1)

Where P(t) represent the transmit power at time t, A is the power control step size, SIRtarget,
and SIRest are the target and estimated SIR respectively. The term sign is the sign function:
sign(x) = 1, when x > 0, and sign(x) = -1, when x < 0.

It can be noted that sign (SIRtarget-SIRest) =-1 is equivalent to a TPC power up command
which can be represented by bit 0. From Equation 1, it can be observed that the transmit power
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will be increased or decreased by A on every time slot. The transmitted power will always
change even when there is no change in the channel.

3.2 Adaptive Step Size Estimation

The power control step size is adapted by multiplying a factor called Adaptive Factor (AF) with
the fixed step size. This factor will be updated according to received TPC commands. The
proposed algorithm increases the step size i.e. AF when the mobile detects the same sequence
of TPC. The same sequence of TPC commands will occur when rapid changes of power are
required, such as when the radio channel condition variants rapidly and continuously.

The proposed algorithm uses two most recent TPC commands to compute the AF based on a
predefined ACF. The ACF is a constant chosen by the networks.

The AF will be updated by the following equation:
AF ,(t) = min( max(ACF + DF, (t)/ACF , Size yn), SiZ€ ax) (2)

Where, Size.;, and Size,,, is the minimum and maximum step size respectively. The DF(t) is
the Dynamic Factor of u™ user at time t.

In the proposed algorithm, we are introducing another parameter, Power Determining Factor
(PDF) based on the data traffic rate to determine the power. Based on this parameter we are
determining whether the power is increasing or decreasing. Depending on the traffic rate, the
PDF factor is updated.

From our previous work,[14] each node i calculates the traffic rate by using the traditional way
to calculate the system capacity for data traffic (DT), which is given by;

. al 1 1
DTi=|— |[X——XPXx—xa?2 3)
SIR] l+x o
Where,
DT; = Data traffic for i™ node.
a1l And a2 = the processing gain by spectrum spreading and gain due to sector antenna
Respectively.
SIR = Signal to interference ratio
K = The interference from other nodes
P = the power control factor
o = The voice/data activity factor.

Every neighbor calculates the traffic to deduce the contention.

Therefore data transfer for u™ user is given by:

n

DT, (t) =Y DTi (4)
i=1

So PDF, (t) = DT(t) )

From Equation 2, AFu (t) is linearly updated by DTu (t). That is only a few additional
complexity is required at the mobiles.
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The DF is updated based on two TPC commands as the following equation:
DF, (t) = DF, (t =1) — abs (TPC, (t) -TPC , (t -1)) +1 6)
Where abs(x) is the absolute value of x.
The transmit power is updated according to the following equation:
Pu(t+ 1) =P ,(t) +AF, (t) . PDFE,(t) A. TPC (t) @)

Where AFu(t) is the Adaptive Factor of u™ user at time t, and TPCu(t) is the TPC command of
u™ user at time t, corresponding to sign (SIRtarget-SIRest) in Equation 1, and PDF,(t) is the
Power Determining Factor.

If the received message is HCM, then it will increase the parameter and subsequently increases
the power and if the message is LC, then the parameter will be decreased and correspondingly
the power also.

4. SIMULATION RESULTS
4.1. Simulation Setup

In this section, we simulate the proposed dynamic MAC protocol with adaptive power control
(DMAC-APC) algorithm for WCDMA cellular networks. The simulation tool used is NS2 [15]
which is a general-purpose simulation tool that provides discrete event simulation of user
defined networks. In the simulation, mobile nodes move in a 600 meter x 600 meter region for
50 seconds simulation time. All nodes have the same transmission range of 250 meters. The
simulation parameters are given in table 1.

Area Size 600 X 600
Number of Cells | 2

Users Per Cell 20

Slot Duration 2 m sec
Radio Range 250m
Frame Length 2 to 8 slots
Frame Duration 1 second
CDMA codes 2to5
Simulation Time | 50 sec
Routing Protocol | AODV
Traffic Source CBR, VBR
Packet Size 512 bytes
MSDU 2132
Transmission 1Mb

Rate

No. of Users 2,4,6,8

Table I. Simulation Parameters
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4.2. Performance Metrics

The performance is mainly evaluated according to the following metrics:

Channel Utilization: It is the ratio of bandwidth received into total available bandwidth for a
traffic flow.

Throughput: It is the throughput received successfully, measured in Mb/s.

Average Energy: It is the average energy consumption of all nodes in sending, receiving and
forward operations.

The proposed DMAC-APC is compared with the DMAC [14] protocol without using power
control.

The performance results are presented in the next section.

4.3 Results

In the simulation experiment, the number of users is varied as 2, 4, 6, 8 and 10 and the channel
utilization, throughput and energy consumption are measured.

No. of Users Vs Energy
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Figure 1 shows the energy consumption for both DMAC and DMAC-APC. Because of its
adaptive power control technique, DMAC-APC has reduced energy consumption when
compared with DMAC. The reason is that in DMAC-APC for low data traffic the power is
lowered and for the high data traffic the corresponding power is increased. In DMAC protocol
the users data is transmitted without power control hence energy consumption is more than
DMAC-APC.

Figure 2 shows the throughput obtained with the DMAC-APC and DMAC protocols. From the
figure, it can be seen that, the throughput of both protocols are decreased, when the users are
increased. But it shows that the throughput is more for DMAC-APC, because in DMAC-APC
protocol the power control mechanism adjusts the transmitter power to maintain the required
SIR equal to the SIR target value. So the data is transmitted with less BER successfully. Hence
the throughput is more.

In DMAC the user data is transmitted without power control and the required SIR is not equal
to the SIR target value. Hence the user data is not transmitted successfully. Hence the
throughput is less.

It can be seen from Figure.3 DMAC-APC has better channel utilization than the DMAC
protocol. In DMAC APC the channel utilization gradually increases when the number of users
is increased. The reason for better channel utilization is due to the very adaptive nature of
power control that allows the network to offer quality of service for different traffics by
efficiently adjusting the power and improving the capacity of the network. In DMAC When
data traffic is high, more number of users will contend and hence fair utilization of the channel
will be decreased.

5. CONCLUSION

In WCDMA systems, all users share the same time and frequency resources and may lead to
near far problem, where power control forms an effective solution. The power control
algorithm aims to reduce transmission power and interference level, and to maximize system
capacity. As it reduces the interference, the cell capacity improves and thus increases the
battery life by using a minimum transmitter power. In this paper, we have designed an adaptive
power control mechanism for multimedia traffic in WCDMA networks. In addition to the
maximum and minimum values for the step sizes which are common parameters for all
adaptive power control techniques, an ACF, involved in this technique. The power control step
size is adapted by multiplying a factor called AF with the fixed step size. This factor will be
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updated according to received TPC commands. Here we are introducing another parameter,
Power Determining Factor (PDF) based on the data traffic rate to determine the power. Based
on this parameter we are determining whether the power is increasing or decreasing. Depending
on the traffic rate, the PDF factor is updated i.e., if the observed traffic rate is high, then it will
increase the parameter and subsequently increases the power and if it is low, then the parameter
will be decreased and correspondingly the power also. By simulation results, we have shown
that the proposed power control algorithm reduces the power consumption of multimedia
traffic.
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