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Abstract

Transmitter power control is an efficient technique to mitigate the effect
of interference, near-far problem and conserve battery life. Power control
algorithms in cellular radio communication systems can offer a significant
improvement in the quality of service (QoS) to all users.

Choice of an appropriate power control algorithm is of prime importance,
as it should aim at increasing the overall efficiency of the system. In this
project four distributed power control algorithms are compared through sim-
ulations on the basis of performance metrics like signal to interference plus
noise ratio and outage probability for the uplink case take into account loop
delay.
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Chapter 1

Introduction

1.1 Introduction

Transmission power control (TPC) technique is one of the most important
techniques of radio resource management. It is considered crucial for wireless
communication systems, especially for cellular systems. The received power
by a mobile station changes noticeably because of the nature of the wireless
channel and also because of the user mobility.

The importance of power control increases in non orthogonal systems
such as code division multiple access (CDMA). In these systems every user
interferes with other users when using high power level for transmission. This
causes significant decrease in system capacity.

Mobile stations have limited power. They cannot transmit at high power
level, and using low power level in transmission results in low Quality of ser-
vice (QOS) and unacceptable error rate [1].

Power control is accomplished using dedicated power control algorithms.
Power control algorithms work on saving the transmitted power at the min-
imum required power that gives the needed QOS in the communication link

[1].

There are several QOS requirements that assure successful and accept-
able connection. Some of these requirements are, data rate, packet delay, bit



error rate (BER) and outage probability.

Signal to Interference plus noise Ratio (SINR) is usually considered as an
indication for QOS. Actually, most of QOS parameters are related directly
or indirectly to SINR. For example, BER and SINR are related according to
the modulation type, interference and channel condition [1].

The main goal of power control is maintaining the SINR at an acceptable
level, which means reducing the interference. TPC also enhances the chan-
nel capacity, decreases near-far problem, improves battery consumption, and
reduces heath concerns about electromagnetic radiation.

1.2 Project Objective

The aim of this project is to evaluate the performance of some distributed
power control algorithms in uplink (UL) for cellular communication system
using MATLAB language. The evaluation takes into account the impact of
loop delay and user mobility.

1.3 Project Outline

The project is divided into five chapters. After the introductory chapter, an
overview of system model, problem formulation, power control classification
and loop delay is given in chapter two. Chapter three illustrates the basics of
power control algorithms both centralized and distributed. In chapter four,
description of the simulation environment is given followed by the numerical
results. Finally, the conclusions and high lights for future works are given in
Chapter five.



Chapter 2

Power Control in Cellular
Systems

2.1 System Model

Assuming a cellular communication system containing N base stations (BS)
and M mobile stations (MS), one or more Mobile Switching Center (MSC),
as shown in Figure 2.1.

[ PsTN |——] wmsc |—{ wmsc
,/'

Figure 2.1: Cellular Communication System.



Each MS transmits at power level P;. The transmitted power vector of
all users can be represented as follows [2]:

P:[P17P27P37”'7PM] (21>

Signal to Interference plus noise Ratio (SINR) vector can be written as [2]:
I =1, T2y, ..., T (2.2)

where I'; represents the SINR of the " user.

The path gain between j base station and i mobile station is (Gy;), (G)
represents the total gain matrix between all base stations and all mobile sta-
tions [2].

G G2 ... Giu
S 23)
GN]_ GN2 . e GNM
The received SINR in the Up Link (UL) can be written as [2]:
P x Gy
Fi (up—link) — (24>

ZJ]\%P] X Gij ‘I—Ni

where I';  (yp—1ink) is Signal to interference plus noise ratio at base station, P
transmission power of i mobile station, Gy; link gain between base station
and " mobile station, G;; link gain between base station and j” mobile
station, /N; additive noise at base station.

2.2 Problem Formulation

The presence of users in a cell covered by a single BS makes the users’ signals
interfere with each other at the BS. This is known as interference in UL.

In Cellular system, all users with the same level of transmission power
would cause a significant difference in the received signal from each user
at the BS. This difference could reach 100dB [11], therefore there will be a



probability of dropping signals with low power and this is known as near-far
problem.
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Figure 2.2: Near-Far Problem.

Figure 2.2 shows four users in a mobile cellular system. Each user is at
different distance from the BS, and transmits at power P. Because of the
increasing attenuation, and by neglecting the shadowing effect, the received
signal power of the closer user will be higher than the other users.

Mobile phone device should be small size, so its battery should be small
size too, therefore the amount of power stored in it is little and should be
maintained as long as possible.

2.3 Power Control Classification

The basic purpose of Transmission Power Control (TPC) is to make the
received SINR from all transmitters almost equal at the receiver. This leads
to minimize the interference and increase system capacity. Power control
process can be divided based on information feedback into:

1. Open Loop Power Control

2. Closed Loop Power Control



2.3.1 Open Loop Power Control

Open loop power control is the process by which to assess the status channel
and adjust the transmitted power accordingly, and do not try to get feedback
information about the modification efficiency. It is clear that the open loop
power control is not as precise as sufficient, but it is relatively fast because
it does not wait for feedback [11].

Accesses Probes

One of the problems that must be resolved by using power control is to de-
termine the initial power level used by the mobile station in transmission
process.

The MS cannot be controlled prior to the connection process with the BS.
The question comes how much should be the power level used by the MS
to send its request. To this moment no connection is established between
the MS and BS, as well as the BS does not have any indication about the
location of the user. In this case there are two options.

The first option is to make the mobile station to send with a high power level
and this increases the probability of granted access, but such transmission
will cause more interference to users for whom they provided service at that
time.

The second option is to make the MS transmit with a low power level and
this reduces the probability of granted access, but does not cause significant
interference to other users.

Initial access attempts problem was solved in cellular systems by sending a
series of access probes which are series of gradual increases. The MS sends
an access probe with a relatively low power level in the first attempt of ac-
cess and then waits a random period for acknowledgement reply from the
BS. In case of no acknowledgement received, the MS sends a second access
probe with a power level slightly higher and repeats this process until the
acknowledgement is received. The difference in power level between the cur-
rent probe and the previous probe is called access probe correction factor
which determines the step size of the probe by a parameter in the system
called PWR-Step [10].

If the MS found that the received signal from the BS has a high power level,
it assumes that it is close to the BS, and so it sends by relatively low level of



power. But if the signal received from the BS has a low power level, the MS
assumes that it is far from the BS, and so it sends a relatively high power level.

By knowing the received power level from the BS, the MS can estimate
the forward path loss from the base station to mobile station.

If the Effective Radiated power (ERP) of the BS is known by MS, the MS
will be able to know the power amount that must be sent out to compensate
the path loss. But in fact the MS does not know the actual value of ERP
and does not know the power level received from neighboring stations. thus
it must estimate it, and practically the following equation is used to estimate
the initial transmission power [10].

P_ijp=—-PFP,—734+ NOM_PWR+ INIT_PWR (2.5)

where (-73) is the called cellular loss constant, P, is the received power, P,_;,
is the initial power, the values of NOM_PW R and INIT_PW R are placed
by the system operator and the BS sends the value of these two factors in
addition to PW R_Step through a message called (access variables message)
to MS.

It can be noted that the process is controlled by the MS. The open loop
power control process goes on well after recognition of the BS request by the
MS to get the connection and then the MS starts the transmission process
through the communication channel. The movement of the mobile station
at the cell borders, the path loss between the base station and the mobile
station will change continuously, resulting in a change in the received signal
level at the base station, and to maintain the quality of the connection , an
adjustment must be made in the mobile station transmission power level by
the following equation [10]:

P,=—P,— 73+ NOM_PWR+ INIT_PWR + S (2.6)

where P, is the estimated power by the open loop that must be sent by the
mobile station, S is the sum of all access probe correction factors.
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Figure 2.3: A series of Access Probes by Mobile to Access the System.

Figure 2.3 [10] shows the initial transmission power of a mobile station and
its power after the addition of correction factor of the access probe.

It is important to note that the open loop power control is based on es-
timating the forward path loss from the base station to the mobile station,
this method is used to control the power to compensate the fading and as-
sume that the UL and DL have the same fading effect. The system uses a
time division duplex (TDD) technique. But when each link uses different
frequency, the frequency division duplex FDD system, the open loop power
control is slow and not appropriate to compensate fading, which depends on
the frequency.

2.3.2 Closed Loop Power Control

Closed loop power control system may depend on the decision-making on real
measurements for the performance of communication link, such as received
signal power or SINR or bit error rate or frame error rate [11].

Closed loop power control is used to compensate power changes due to
fading and unlike open loop, closed loop includes both of the BS and MS in
the implementation of the power control process.



In closed loop power control the BS continuously senses and measures the
UL quality. If the link quality is bad, the BS will send a command to the
MS via the DL to increase the transmission power level. If the link quality
is good and there is a surplus in power of the UL, then, the BS will send a
command to the MS to reduce the transmission power level.

The frame error rate (FER) is considered as a good indicator to measure
the link quality. But because of the long time needed by the BS to collect
sufficient number of bits to calculate the FER. The energy per bit to noise
ratio (Eb/No) is used as an indicator to measure the link quality.

The steps of power control process of the closed loop in the uplink are as
follows:

e The BS continuously senses (Eb/No) in the UL.

e If (Eb/No) is very high, in other words it exceeds a certain threshold,
then the BS will order the MS to reduce the transmitted power.

e If (Eb/No) is very low, in other words it is less than a certain threshold,
then the BS will order the MS to increase the transmitted power.

The BS sends power control commands to MS through the DL, and these
commands, which consist of a set of bits known as power control bits (PCB),
must be transmitted quickly and the MS must respond to these commands
quickly to try to overcome fading. In order to make fast transmission of
power control bits, a number of bits are reserved in the channel.

Closed loop power control is divided into inner loop and outer loop. What
has been described so far is the inner loop of the closed loop power control.
In the inner loop there is a threshold for the signal to noise ratio (SIN Ry,)
which is predetermined; the decision-making, either by increase or decrease
the power is based on this threshold.

Since frame error rate is tried to be maintained acceptably, and given the
(Eb/No) relation to the frame error rate, then (Eb/No) would be changed dy-
namically to keep the desired frame error rate, this modification in (Eb/No)
used in the loop of the closed loop power control in the outer loop of the
closed loop power control.

10
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Figure 2.4: Inner and Outer Loops of the Closed Loop Power Control.

Figure 2.4 [10] shows the work done by each of the outer loop and inner loop,
where in the outer loop the (Eb/No) threshold is modified and used by the
inner loop to compare with the measured (Eb/No) from the uplink. Based
on these comparisons, a decision would be made by the inner loop about the
power control command to be sent.

Power control can be divided into centralized and distributed according
to power control a location.

e Centralized Power Control:
This method uses a central control device that has information about
the gain of all the links in the system and uses this data to find the
optimal solution for controlling the power of these links simultaneously.
But this kind of process is not practical because of the complexity of
the equipment and the bandwidth consumption due to the large sig-
naling process between stations [2].

e Distributed Power Control:
This process is based on gain measuring in the local link (for each
user),where each base station measures parameters in their perimeter,
such as link gain and SINR and control the power of its links. This
kind of power control can be applied practically as it is not complicated
in the signaling process and easier to implement [2].

11



2.4 Loop Delay

Most of the power control algorithms that have been proposed do not con-
sider the impact of loop delay and thus lead to system instability and low
capacity [3].

The main obstacle in the implementation of power control algorithms is
the behavior of the channel that must be pre-estimated first. Most of the
power control algorithms assume that the channel attenuation and inter-
ference is constant during the time of executing the power control process,
meaning that in the calculation time of update power and the time of apply-
ing that power the channel attenuation and interference does not change.

Loop delay refers to all time delays during the execution of power control
process. This delay is due to the process of SINR measurement and trans-
mitting SINR data via radio channel. The operations applied on the SINR
information to calculate and adjust the transmitted power , propagation time
needed by the new power transmission to produce the SINR.

=1 Slot ! r+1
- L]

; ; -
Forward link slots

at transmitter - - ——
Propagation delay f

L Time offsct

Forward link slots ™7 :

al receiver " < . .
*— |\
SIR est. |
I'rC |.‘|II]1[11'.II‘:d\ /
Feedback link slots T 'll:
al receiver = ra
Propagation d L."lil}." __Apply
| TNPC command
Feedback link slots T -
at transmitter cl -

Figure 2.5: Example of Power Control Timing in WCDMA.

Figure 2.5 illustrates the power control timing. The transmitter sends a
frame at t-1 which will be received after propagation time. The receiver
needs an offset time to estimate the SINR and calculate the power control

12



command from the algorithm. The receiver sends a power control command
which takes propagation time to reach the sender.

The transmitter modifies the transmission power that will be used in the
next time slot according to the control command. If the delay time due to
SINR estimation process and operations of calculating and sending the con-
trol command is long, it leads to sending the power at time t+1 instead of
sending it at time t, and this is because of the loop delay.

e Power Control in Soft Handover:

CDMA systems use the concept of flexible delivery when a MS moves
between two cells or more. The concept of flexible delivery is to keep
the MS to communicate with two or more BS during the handover
period. In this period the MS receives messaging channel frames from
two or more stations and the power control commands of these stations
may conflict. The MS might receive a command from a BS to increase
the power in the time that other BS sends a command to decrease the
power. In this case MS will carry out the reduction command and will
not increase power level, except in the case where all commands ask
for power increase.

13



Chapter 3

Power control algorithms

Power control algorithm is the mechanism that is executed in order to set
the transmit power of BS in Down link (DL) or the transmit power of MS in
UL. Several power control algorithms were proposed [2][5][6]. Power control
algorithms can be divided into two main categories:

- Centralized Power Control Algorithm (CPCA).

- Distributed Power Control Algorithms (DPCA).

3.1 Centralized Power Control Algorithm (CPCA)

In this algorithm, power control is executed using central control device. The
algorithm needs information about the links gain and the noise levels for all
users to determine the power and balance SINR. This algorithm solves the
mathematical problem to find the optimal transmit power vector.

Consider the case of noiseless system, recall the SINR of i user given by
(2.4). Under noiseless assumption (2.4) can be written as:

PGy

= ———  >T1._ .
% Zﬁﬁi PJG” — L imin
G=

(3.1)

where I'; s, is minimum predefined SIR for terminal i. Equation (3.1) can
be written in this form:

PGy > Thin Z P;G; (3.2)

J#i
i=1

14



Equation (3.2) can be written in this form:

G
P, >Tn P 3.3
writing (3.3) in matrix form as follows [1]:
P> T, HP (3.4)

where matrix H is a positive matrix (each element is positive) contains the
following elements [1]:

(H);; = { %_Z jij (3.5)

From (3.4) and by considering the worst case:

P=T,,,HP (3.6)
P I, HP =0 (3.7)
I - Ty HJP =0 (3.8)
By multiplying both sides of (3.8) by r:m:
1
[—I-HP =0 (3.9)

The solution of (3.9) represents the optimum transmit power vector. The di-

rect solution of this equation is to set vector P to zero, that means every user

transmits at power value equal to zero. In other meaning all mobile stations

in the system must be shut down. Definitely no one would be satisfied with

this solution. By matrices calculus (3.9) has a solution only if the matrix

I —T'inH] is a singular matrix and that can be accomplished if and only if
L_ is the eigenvalue of H.

Fmin

The optimum transmit power vector relates to the eigenvector according
to Perron-Frobenius, so, if the normalized gain matrix (H) with dimension
(M % M) where it cannot be reduced and it’s not negative, then there is a
positive vector associated with the biggest eigenvalue which is also a real and
positive [A\]M, [1].

15



There is one eigenvalue that is positive and greater than or equal to all
other eigenvalue in the sense [2]:

N = max|[|\|]2, (3.10)

There is a positive eigenvector P*corresponding to the largest eigenvalue \*.
Using the largest eigenvalue the maximum achievable SIR can be obtained
as [2]:

1
s
Now consider the case when the system including additive noise at the re-
ceiver equation (2.1) becomes as follows [1]:

I (3.11)

PGy > Tin Z PG + N; (3.12)

i
=1

Equation (3.12) can be written as follows:

P2 T3P, e (3.13)
Writing (3.13) in matrices form as follows:
P=T,,,HP +u (3.14)
where u = FCT_'—ZI
(3.14) becomes as follows [1]:
I-T,..,HP=u (3.15)

The solution of (3.15) represents the optimum power vector, which can be
achieved in the case of I < &, where I'" is target SINR [1]:

P*=[I-T H] 'u (3.16)

Where P*is the vector that represents the optimum power vector.

16



3.2 Distributed Power Control Algorithms (DPCA)

Unlike the CPCA, DPCA uses local information per link regardless of the
other links to update power and accomplish the desired SINR. There are
several DPCA proposed to achieve multiple QOS requirements. These al-
gorithms are repetitive and converge to the desired value after a number of
iterations.

Power control algorithms need an indicator of channel quality. This in-
dicator could be SINR, BLER or received power (Pr). BLER is the most
accurate indicator that expresses the channel status [1], so, the right decision
can be taken to update the transmit power value. But BLER is considered
poor indicator in the systems that need fast power update. The system needs
long time to take full measurement of BLER, so, there is no guarantee to
channel consistency in such long time frame.

Eventually, SINR is considered the optimum choice being an indicator of
the channel status, because it is simple to evaluate and needs received power
to be calculated faster than BLER, and there is a direct relation between
SINR and BLER [1].

Since DPCA approaches the required value after a number of iterations,
the iterative method will be as follows. Rewriting (3.16) in order to find the
transmitted power vector considering the case of noisy system:

I-TTH]P =u (3.17)

By defining [1]
I-T"H =M-N (3.18)

where M and N are dimensioned by ) x @Q,M is non-singular matrix.
From (3.17) and (3.18):
M —-N|P =u (3.19)

By solving equation (3.19) iteratively the solution will be:
P(t+1)=M'NP(t) +M 'u (3.20)
when t=0 the solution of (3.20) will be:
P(1) = M 'NP(0) + M 'u (3.21)

17



where P(0) is the initial transmit power.
when t=1 the solution of (3.20) will be:

P(2) = M 'NP(1) + M 'u (3.22)
By substituting (3.21) to (3.22):
P(2)= (M 'N)’P(0) + M 'N)M 'u+M 'u (3.23)

The general form will be [1]:

P(t) = (M 'N)'P(0) + ti(M—lN)kM—lu (3.24)

k=0

Some of the existing distributed power control algorithms are the following:
e Distributed Power Control Algorithm (DPCA) [2]

e Fully Distributed Power Control Algorithm (FDPC) [6]

e Improved Fully Distributed Power Control Algorithm (IFDPC) [10]

e Balanced Distributed Power Control Algorithm (BDPC) [2]

e Fixed Step Distributed Power Control Algorithm (FSDPC) [5]

e Adaptive Step Distributed Power Control Algorithm (ASDPC) [9]

e Foschini-Miljanic Algorithm(Fos& Mil) [7]

In the following these algorithms and their corresponding parameters will be
briefly explained.

Distributed Power Control Algorithm

This algorithm is initially used in satellite communication systems. Later it
was suggested to be used in cellular phone systems. This algorithm uses the
following expression to update transmit power:

P(t+1)=C(t) x Hx P(t) t>0 (3.25)

It can be noticed that the previous transmit power values of the mobile
station P(t) is used to calculate the next transmit power P(¢ + 1), C is
normalized positive constant chosen as follows:

C=——F— (3.26)



This algorithm converges to the desired SINR and its convergence speed de-
pends on the constant C. The main disadvantage of this algorithm is that it
needs information about transmission power of all mobile stations and the
use of the maximum instant value to find the normalized constant C, so it
cannot be considered a fully distributed algorithm.

Fully Distributed Power Control Algorithm (FDPC)

This algorithm was called fully distributed power control algorithm because
it uses local information on the link and does not depend on comprehensive
information of all mobile stations to control power. This algorithm uses the
following expression to update the power:

Pi(t+1) = K(t) x P(t) (3.27)

where
min(T;(t), T'T)

[i(t)

where T(t) is the signal to interference plus noise ratio of the " mobile
station at iteration t.

The only obstacle in this algorithm is that the power reaches zero after a
number of iterations. As equation (3.28) shows that the constant K;(t) de-
pends on the minimum value of all signal to interference ratios in the current
iteration, and the desired signal to interference ratio, so, after a number of
iterations the constant K;(t) reaches zero.

Ki(t) = (3.28)

Improved Fully Distributed Power Control Algorithm (IFDPC)

This algorithm is considered as an evolution of the previous algorithm FDPC
which take the minimum value of SINR in consideration. This algorithm
takes the maximum value of SINR in consideration and uses the following
expression to update transmission power per user:

Pt+1) = Ki(t) x () (3.29)
where
max(T4, T'T)

(3.30)
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The main problem with this algorithm is that the power reaches infinity after
a number of iterations. As it can be seen from (3.30) that the constant K;(t)
depends on the maximum value of all SINR in the current iteration, and the
desired SINR. Consequently, after a number of iterations the constant K;(t)
reaches infinity.

Balanced Distributed Power Control Algorithm (BDPC)

This algorithm was suggested by Wang for CDMA systems [2]. This algo-
rithm makes use of both algorithms FDPC and IFDPC. The power reaches
neither zero nor infinity. This algorithm makes the solution by putting two
limits for power, one upper (P*) and the other lower (P') to balance the
power. This algorithm uses the following expression to update transmission
power per user:

Pt +1) = Ki(t) x Pi(t) (3.31)

where

man(l'; (1), T U
% P(t)> P
ki(t)=< K(t—1) P <Pt <P* }. (3.32)

maxz(L;(t),0T
w0 pp) < p

where P% is the upper limit of the transmit power, P is the lower limit
of the transmit power. If the power level at the iteration is higher than
the upper limit then FDPC algorithm is used, but if the power level at any
iteration is smaller the lower limit then IFDPC algorithm is used.

Fixed Step Distributed Power Control Algorithm (FSDPC)

This algorithm was proposed by Sung and is considered to be a simple appli-
cation of feedback algorithms [5]. It has many advantages such as building
protected link and bandwidth utilization. This algorithm uses quantized
power levels. The new power level is different compares the current power
level by a constant step and the following expression can be used to update
the power:

5x P(t) (Ti(t) < 6-'T7)

P(t) =< 0! x B(t) (Ty(t) <orT) (3.33)
Pi(t) otherwise

where ¢ is the update step size.
The concept of this algorithm depends on the measured SINR and compares
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this value to target value. If the measured SINR is less than the target value
a command is sent to increase the power level. But if the measured SINR
is bigger than the target value a command is sent to decrease the power
level. However, if both are equal then the power level remains the same. The
bandwidth can be utilized in this algorithm if two bits are used to send the
power control commands [2].

This algorithm maintains the quality of mobile station link that overshoots
the required target.

Generally, all the aforementioned distributed algorithms converge to the
SINR target, but if new users have been accepted in the cell, then SINR for
all users decrease to very low level which causes a bad quality in all links.
But this is not happening when using the FSPDC algorithm where it assumes
that all new users accepts a very low power level. After using the link the
user tries to reach the target SINR after a number of iterations, but if the
user couldn’t reach that target SINR then the connection will be lost, and
this algorithm can be used to achieve several quality of service requirements.
The only problem in this algorithm is that it lowers the system bandwidth
significantly and that is because of its strict nature in achieving quality of
service.

Adaptive Step Distributed Power Control Algorithm (ASDPC)

This algorithm is regarded as one of the closed loop power control methods.
This algorithm is suggested for power control in the uplink instead of the
fixed step size algorithm to achieve faster convergence to the required SINR.
Its concept can be briefly explained in the following points:

- The base stations measures the current SINR in every iteration for every
mobile station and compare it with the target SINR.

- If the current SINR is bigger than the target SINR then the base station
sends a command to lower the power to the mobile station, otherwise it sends
command to increase the power.

- First power update will be as the fixed step size algorithm. Then this step
size changes dynamically, i.e., if two or more orders have been received to
control the power in the same direction, e.g., two orders or more require in-
crease in the transmit power causes to increase in the update step size.

- All mobile stations respond to the power control commands and adjust
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transmission power according to it.
- Power updates can be in several steps with different sizes.

Foschini-Miljanic Algorithm

This algorithm is considered to be one of the distributed power control algo-
rithms where all the parameters that it needs to update the power level are
corresponding the local link, and it has the following expression for power
update:

T
Ii(t)

Since this expression doesn’t have an upper limit for the power level, some
modifications made the general expression according to the following:

P(t+1)= x P,(t) (3.34)

P(t+1) = mm{ L5 % Pi(t), Pisnas } (3.35)
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Chapter 4

Results & Discussions

4.1 Simulation Environment

In this project, a cellular system simulation has been set using one cluster
of seven cells. For each cell there is one base station in its center and the
users are uniformly distributed, assuming a mobility model using a normal
random distribution for the velocity while maintaining the same angle to the
user with the axis x . Therefore, the displacement of each user to a new
position can be calculated as follows:

Prew(x,y) = Pog(x,y) + Delta(z, y) (4.1)
where P, (x,y) is the new position of the user, Py,(x,y) is the old position
of the user, Delta(z,y) is the increase amount and can be calculated as fol-
lows:

Delta =T, xV (4.2)
where T, is the time that it takes for the user to arrive to the next location
and is calculated by the following formula:

where T}, is the duration time for power control, assuming that the system is
CDMA then T, = 1/3400sec.
X is a positive integer corresponding to the amount of loop delay.
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Figures (4-1) to (4-4) depict the flow charts to study power control in up-
link by the algorithms that were described in the previous chapter (FSDPC,
FDPC, IFDPC, Fos&Mil).

Start

YES NO
SIR>SIR_trrget
¥ l'
ES3 order M3 to maintain the BS order M3 to increase the
same level of transmission evel of transmission poer
by update step
IS update the level
of power based on
» control command .

Figure 4.1: Flow Chart of FSDPC Algorithm.
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End

Figure 4.2: Flow Chart of FDPC Algorithm.
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of power based on
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Figure 4.4: Flow Chart of Fos &Mil Algorithm

4.2 Simulation Setup

In the following results a simplified path loss is assumed with the following pa-
rameters: the operating frequency is 2GHZ, the path loss exponent is v = 3,
shadowing generated using average p = 0dB, a standard deviation o = 3dB.
With the assumption of a hundred users in each cell having the same level
of transmission power initially of (1dBm), the cell is hexagonal shape with a
radius of 1Km, the desired target level for all users (SIN Ryyqger = —20dBm),
with tolerance of (£2dBm). The outage percentage allowed in the system is

(5%).

e Cluster Shape:
Figure 4.5 shows a cluster of 7 cells under study and the distribution of users
within it. Each cell is a hexagon of radius (1Km) which represents Micro Cell
scenario. There are one hundred users within each cell uniformly distributed.
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Figure 4.5: Cluster Shape.

4.3 Results and Discussions

4.3.1 Convergence Speed

The primary purpose of implementing the power control algorithms is to
reach the allowed percentage of outage in the cellular system. This is done
after a certain number of iterations of power level updates. The number of
iterations depends on the quality of the used algorithm. This parameter is
known as convergence speed of the algorithm.

——FSDPC

90! —=—FDPC
~+~IFDPC

—e—Fos & Mil

Outage Percentage
o
3

0 10 20 60 70

30 40
Number of Iteration

Figure 4.6: Convergence Speed of Different Power Control Algorithms.

Figure 4.6 shows the convergence speed of different power control algo-
rithms. It can be noticed that the outage percentage was 98% before the
start of the power control process. If all users use the same level of transmis-
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sion power, then in each cell about 98 users will be out of service.

The outage rate decreases significantly for some algorithms. The Foc,Mil
algorithm was able to reach the allowed outage percentage in the first itera-
tion due to use of the difference magnitude between (SINR, SIN Rygrget) as
a step size for updating the power level. The IFDPC algorithm comes second
as it reaches the allowed outage percentage in the second iteration.

The FSDPC algorithm has the worst performance in terms of convergence
speed. It needs about 37 iterations to reduce the outage percentage to 50%
and to reach the allowed outage percentage it required 63 iterations. The
reason for this is because the algorithm uses fixed step size to update the
power.

4.3.2 Transmission Powers after Convergence

Because of the divers mechanism of each algorithm (step size update) that
causes a divers transmission power level at the algorithms convergence.

FSDPC FDPC
0.1 0.4
0.08 0l
—> 0.06 e
o a g2
<= 0.04 e
0.02 01
g 0 -
-50 0 50 -60 -40 —20 0
P, P, .
IFDPC Fos & Mil
0.06 ‘ ‘ ‘ 0.1
— 0.04 .
o L 005
002

Figure 4.7: Transmitted Power for all Users after Convergence.
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Figure 4.7 shows the differences between algorithms according to the
power level after the convergence, where the x-axis represents transmission
powers of all users after convergence and the y-axis represents the percent-
age of transmission powers of all users after convergence Probability Density
Functions (PDF). It can be noticed that the FDPC algorithm is the best in
terms of power consumption where the power level for all users is as low as
-60dBm and the average power for all users is 0dBm. The IFDPC is worst
in terms of power consumption where the average power level for all users is
38dBm to achieve the convergence and the power level for one user can reach
90dBm.

4.3.3 Transmission Power of Far and Near User

Power control algorithms adjust the transmission power to achieve the bal-
ance of signal to interference ratio at the base station.
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Figure 4.8: Transmitted Power from Far User with Sample Time.

Figure 4.8 shows the transmitted power of a far user during his movement
period. During the movement period all algorithms increase the transmitted
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power for this user because of being far from the base station, but FDPC
algorithm decreases the transmitted power because the concept of this algo-
rithm is to reduce the transmission power.

Near user will suffer less loss because of the small distance to BS. All
algorithms tend to decrease the transmitted power of near users.
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Figure 4.9: Transmitted Power from Near User with Sample Time.

Figure 4.9 shows the transmitted power of a near user during his move-
ment period, all algorithms will reduce the transmitted power except the
IFDPC algorithm where its mechanism tends to increase the transmission
power of the user. Comparing it with the far user it can be noticed that
the power increase value was bigger in the case of far user, where in FDPC
algorithm, reduction in power was bigger in the case of the near user.
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4.3.4 Signal to Interference Ratio Target Tolerance
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Figure 4.10: Difference Between SINR on SINR Target.

Figure 4.10 illustrates the difference between SINR on SIN Rigrger. In
FSDPC algorithm almost all users have the required service level except for a
few users are under the acceptable level (-2dBm) and the target tolerance for
the most users ranges from (-2 to 2 dBm). FDPC algorithm it makes all users
have the same required service level i.e have the same target tolerance. In
IFDPC algorithm all users have the same required service level but the target
tolerance for the majority of users were negative and within the acceptable
range and it can be noticed that there are some users who target tolerance
that reaches a 15 dBm which means that their reception power level is high
and SINR is low. In the case of Fos&Mil algorithm, then it has a big
convergence in terms of target tolerance, and it can be noticed that some
users are out of service state and while most users are in the required target
level.

32



4.3.5 Effect of Path Loss Exponent on Performance of
FSDPC Algorithm

The concept of path loss exponent that the more this factor means an increase
of the obstacles that cause the multi path, which results in an increase in
the loss done to the signal during its transmission from the sender to the
receiver, low reception power.
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Figure 4.11: Effect of Path Loss Exponent and Loop Delay on Performance
of FSDPC Algorithm.

Figure 4.11 shows the study of the performance of FSDPC algorithm in
different environments (different Path Loss Exponent) considering the effect
of loop delay. The average outage percentage rises considerably with v where
at v = 2 the average outage percentage is under 10% while at v = 8 the av-
erage outage percentage gets almost 30%, the loop delay boosts the average
outage percentage even more.

4.3.6 Effect of Step Size on Performance of FSDPC
Algorithm

The performance of FSDPC algorithm is affected by the update step size.
In Figure 4.6, it can be noted that the FSDPC algorithm was the worst in
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terms of speed convergence, where the step size in this case was (1dBm).
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Figure 4.12: Effect of Step Size on Performance of FSDPC Algorithm.

Figure 4.12 shows the performance of FSDPC algorithm for several steps
size of the power update. As it can be noted that by boosting the step size
from 0 to 3.5 will decreases the average outage percentage. In contrast, the
average outage percentage increases with increasing the loop delay.

4.3.7 Effect of Loop Delay on Performance of FSDPC
Algorithm

Implementing the transmission power control without considering the loop
delay effect, causes inaccurate results, that do not represent the actual status
of the system.
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Figure 4.13: Effect of Loop Delay on Performance of FSDPC Algorithm.

Figure 4.13 shows the effect of loop delay. Where x-axis represent average
outage percentage, y-axis represents probability of average outage percent-
age cumulative distribution functions(CDF), considering three states of loop
delays at 0,147,196 usec. When loop delay=0usec average outage percentage
of the system is 100% of the time in the acceptable level,i,e, less then 5%,
but when loop delay=147usec then about 50% of the time in the acceptable
level and in about 90% of the time the average outage percentage is less than
13%, when loop delay=196usec then about 30% of the time in the acceptable
level, and in 90% of the time the average outage percentage is less than 15%.

4.3.8 Effect of SINR Target on Performance of FSDPC
Algorithm

The required level of service is related to the number of users within the cell
where the best level of service can be achieved when the received power from
all users are equal at the base station.

Since the study was for a one hundred users per cell, the best level of service
that can be achieved is -20dBm according to the expression that is calculated
to indicate the level of interference mentioned in Chapter 2.
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Figure 4.14: Effect of SINR Target and Loop Delay on Performance of FS-
DPC Algorithm.

Figure 4.14 shows the relativity of the level of service to the average
outage percentage. It can be noticed that the average outage percentage
increases with increasing the level of service required (SIRigrget). When
(SIRyarger = —25), the average outage percentage was 16% and the curve to
rise slightly until (S1Rger = —20), the curve slope increases dramatically
after (-20dBm). Note that with increasing loop delay the average outage
percentage increases.

4.3.9 Effect of Shadowing on Performance of FSDPC
Algorithm

Shadowing also known as slow fading, which is caused by the terrain varia-

tion, the applied reflections, refractions and scattering on the signal by the

buildings, trees and rocks result in small changes in the signal average over
distance.
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Figure 4.15: Effect of Shadowing and Loop Delay on Performance of FSDPC
Algorithm.

Figure 4.15 shows that the average outage percentage showa a steady
increases with the effect of Shadowing where at ¢ = 1dB the average outage
percentage is under 14% while at ¢ = 7dB the average outage percentage
gets almost 24%, the loop delay boosts the average outage percentage even
more.
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Chapter 5

Conclusions and Future Work

5.1 Conclusions

In this project the concept of power control in cellular systems is extensively
studied. The performance of different basic distributed power control algo-
rithms is evaluated and compared on the basis of the simulations in MAT-
LAB. The following conclusions were reached:

e All algorithms are able to reach the allowed outage rate.
e Whenever the desired goal level less, the algorithms will be able to reach
the target faster.

| Features | FSDPC | FDPC | IFDPC | Fos&Mil |
Convergence Speed 64 Iterations | 18 Iterations | 2 Iterations | 1 Iterations
Average Power Consumption 18 dBm 0 dBm 38 dBm 34 dBm

e In terms of convergence speed, the best algorithm is the Fos& Mil and

the FSDPC algorithm is the worst.
e In terms of power consumption, the best algorithm is the FDPC and the

IFDPC algorithm is the worst.
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5.2 Future Work

This work represents the first step to study the issue of power control in
cellular systems and needs to be supplemented. So will do the following;:

e Evaluate the performance of algorithms in down link.

e Building cellular system consists of a greater number of cells.

e Add borders to the transmission power levels of each user (the maximum
and minimum).
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