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Abstract: Dynamic user in mobile communication encourages the implementation of self-organized and non-
cooperative distributed power control. To be implemented, the power control must meet the feasible and convergent
conditions. Feasibility of power control must be qualified for non-negative power vectors and the limit of maximum
power, whereas convergence is tested by the speed for achieving of convergent conditions on fixed point. If it is
feasible, then the system will be convergent, but when it is infeasible then the power transmit of user will be negative
and the system is never reach the convergence. While the semi feasible condition requires the implementation of a
proposed method of HDCPC. When power transmit of user exceeded the maximum power, Pma, HDCPC method
choose the transmit power that equal with %2 Pmax compared to use Pmax that required on DCPC or to force the user
turned off the power transmit on GDCPC. Results showed that it would be more efficient in power usage than DCPC
and more implementable than GDCPC. Proposed HDCPC is done when there is no option of handover channel,
while the results after user move to another channel is able to achieve the SINR target and spent less power. Related
to the convergence analysis, it can be concluded that the larger the SINR target, the longer iterations required to

achieve a convergent condition.
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1. Introduction

Co-channel interference caused by frequency reuse
is a factor that mostly limits the system capacity in
the high capacity cellular communication. Therefore
a power control scheme is required to control the
interference of channel allocation. The scheme aims
to adjust the transmitter power in each link so that it
can minimize interference to other receiver [1].

There are two categories in the power control for
cognitive radio networks: centralized power control
(CPC) and distributed power control (DPC). CPC
algorithm optimizes the power allocation to achieve
the equal SIR (signal to interference ratio) in all
radio links, and the optimal solution for the CPC has
been proposed by Zander [2]. In CPC, all
information necessary to manage the network must
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be known in the central station and needs the high
power consumption in user side. CPC requires all
users to have knowledge of all radio links in the
network, which is computationally very expensive
and impossible to be implemented in real time for
any large systems.

To reduce the complexity of the CPC, a method of
power control compatible to the cognitive radio
systems with self-organized user characteristics
which uses the approach of autonomous distributed
power control, is required. For DPC, each user
controls the power transmission only using local
information. A comparison between CPC and DPC
in feasibility and convergence has been investigated
by [3].

The need of power control that is implementable
for a dynamic and distributed user is able to control
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the power independently to make it more flexible.
Designing an efficient power control scheme will be
very challenging especially in femtocell, mainly
because of the nature of the autonomous network [4].
Power control schemes are studied mainly to
minimize interference and ensure the fulfillment of
guality of service (QoS) [5], to maximize the
capacity and to reduce the energy consumption [6],
to realize the green wireless communication and to
overcome the trade-off QoS with efficiency energy
better [7] and more effectively to overcome the
noise [8][9].

The importance of testing the feasibility is whether
a system or method is implemented in practice.
Feasibility in terms of power control shown by the
value of the power generated from a method/
scheme must be non-negative power vector [10]
meaning that the power is positive and
implementable to reach a specified SINR target with
the minimum power consumption. When the system
is feasible, then all users can be supported, which
means that the transmit power control (TPC)
produces the zero outage on a minimum transmit
power consumption. In the infeasible systems, some
users are unlikely to achieve the SINR target. In
some users, because the TPC mechanism does not
consider the feasibility, then the user will use a
maximum power although not able to achieve the
SIR target. This poses interference to other users
and expands the number of non-supported user [11].

Beside test on feasibility, testing on convergence
of power control scheme is also important.
Commonly, the computational complexity will
affect the speed of convergence. The unique
convergence towards one particular point can occur
on the systems that are feasible or not. If conditions
are infeasible many users do not meet the SINR
target despite using maximum power. It will later
generate an outage ratio and higher power
consumption [12]. But, if the algorithm converges, it
reduces the outage probability and the total
consumed power and its convergence as a
consequence cannot be guaranteed in an infeasible
system [11].

The importance of the feasibility and convergence
check has been discussed in several papers,
including for Cognitive Radio [13], Centralized [14],
Distributed [15], Game Theory Power Control [16],
Distributed Constrained Power Control [17]
Generalized Distributed Constrained Power Control
[18], in Femtocell [19] or in Macrocell [20], with
Single channel or Multi channel [10].

However, these studies mostly have a power
control algorithm that only concerns with feasibility
and convergence. Feasibility in this case related to
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the power update of the user along with the
achievement of a specified SINR target and the
number of channels allocation. It also includes the
convergence of user power usage and achievement
of the SINR target by the user. Convergence in this
study included the analysis of the system speed in
achieving converges with the change of SINR target.
Moreover, this study is related to the research
sustainability from Sooyeol [21], which discussed
two methods namely DCPC [17] and GDCPC [18].
In Sooyeol [21] has not discussed the comparison of
the two methods in terms of feasibility in transmit
power of user, the achievement of the SINR target
and the convergence rate. However, each of these
methods has disadvantages in terms of transmit
power efficiency namely the use of maximum power
at DCPC and forcing the user not to transmit at
GDCPC. Therefore, in this proposed model, we
discussed about the solution of the existing
disadvantage in those two previous methods through
the proposed HDCPC using transmit power
Di = ;Pnax Were still able to achieve sufficient
SINR (tolerable SINR). This method is performed
when the user exceeds Py, SO it does not harm the
user or another user. In addition, this study also
tested the feasibility and convergence based on user
behavior in a multi-channel femtocell network.

The organization of this paper is presented as
follows. The system model is described in Section II,
and Section |1ll explains the feasibility and
convergence of autonomous distributed power
control in femtocell network. Section IV presents
the simulation results, and conclusions are given in
Section V.

2. System Model

The system model of cognitive femtocell network
in this study is shown in Fig. 1. This study used the
femtocell users who used multiple channels
simultaneously.

In this experiment, each femtocell consisted of
multiple users. Every user in a one femtocell could
not use the same channel, thus the same channel
usage was only be for the user in a different
femtocell. The components of cognitive femtocell
network system as shown in Fig. 1 included
femtocell user equipment (FUE) as a secondary-user
transmitter and femtocell access point (FAP) as a
secondary-user receiver.

Figure 2 shows the channel division scheme in
femtocell users link gain matrix H that can be
determined based on these users. As a multi-channel,
it was necessary to check matrix H in each channel
(user group).
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Figure.1 Cognitive femtocell network topology

User 2

i
|
User 3 ’ e

Channel
Group

Figure.2 Channel division scheme in femtocell users

The matrix H was formed by link gain among
users using the same channel, as shown in Fig.2 on
the channel sharing scheme of femtocell user. Based
on the feasible solution equation of user group, the
form of the matrix H has been obtained as follows:

[hn h13] hy, h23] (1)
hz; s h3; hs;

hi; hyy hys
H3 = |hy; hy; hys H, = [hy,]
hg; hs; hss

Hj = (h;;) is normalized link gain matrix in
channel k that fulfill this equation:

hi; =y, (‘;—Z) for i # j;hjj = 0 for i (2
with y;%4" is SINR target. The link gain between the
user i as transmitter (Tx) and the user i as receiver
(Rx) is denoted by G;;. The gain of the user j on the
link between the Tx user j and the Rx user i is
denoted by G;;.

H2=

3. Feasibility and Convergence of
Autonomous Distributed Power Control
in Femtocell Network
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3.1 Feasibility of Power Control

Feasibility in the autonomous distributed power
control means that all initial power controls are able
to achieve the conditions converges at a certain
power value (P*) and at the same time all users
reach the SINR target on the positive power value
up to the value of maximum power [22]. By testing
the feasibility, it can be identified that if user power
has a negative value means it is impossible to
achieve the desired SINR target. Feasibility can also
be seen by the user power usage. Because when the
user power exceeds P, ., Vvalue, the condition is
referred to as an infeasible condition, even though
the SINR target can be achieved.

From these discussions it can be taken feasibility
limits on DPC given to every user, if applied to a
single channel [14]:

P*=(I-H)"n ©)

with P*is total power of user in Watts and H is link
gain matrix. When it applied to the multiple
channels, it must be based on the following power
value [10]:

P() = o P = 2kes ((1 - Hk(i).akik,.)'l.nk(i)) i<n (4

with K is total number of channel, k is channel
number, and 6kik]. is used to show whether two users

used the same channel or not. If the value of index i
and j are the same, or in another words the both
users use the same channel then O = 1. If they

are not in the same channel then Sk = 0.

By considering the factors of interference, it is
necessary to limit the maximum power that is:

Pmin < p; =< Pmax (5)

With p,,in = 0 W or the value of specific user power
and p;is chosen power of user in Watts.

The determination of new user power in the
process of power update is associated with previous
user power on DPC approach or also called Power
Balancing Algorithm (PBA) [17]:

.tar
p (Y = %Pi(t) (6)

with p;(*1 is the next power transmit, p;® is
current power of user i, and y;(® is achieved SINR
of user i.

Then, the concept of power update is based on the
maximum power constraint and developed into two
types: Distributed Constrained Power Control
(DCPC) and Generalized Distributed Constrained
Power Control (GDCPC) by the following formula.
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DCPC [17]:
vio© Y <p
7:i® pi-, O] Pi*” = bnax

p; &1 = i (7)
Prnasx if 7:i® pi*”’ > Prax

with p; = P4, OF transmits in the maximum power.
GDCPC [18]:
y,tar (t yitar

(t+1) Wpi Loif ) P < Prax
i =

B y,tar
0, if ﬁpi(o > Pnax

p (8)

with p; = 0 or user doesn’t transmit.
In this study, a proposed formula of Half DCPC
(HDCPC) was different from the two formulas as

shown as follows:
yl,tar

i yitar
mpi(t), if Wpi(t) < Prnax
 tar ©)

pi(t+1) —
if yii(t) P > Ppax

1
EP max’

with p; = ZPnay OF user transmits with half of the
maximum power.

The reasons for using HDCPC with p; = >Ppax
was because the user power transmit in DCPC [17]
was too high if each user always used a maximum
power, so beside it could cause the Ilarge
interference to other users, it would also result in
power waste of devices although SINR target could
not be achieved. While in GDCPC [18], it would be
very impossible in its implementation to force the
user not to transmit and succumb to the benefit of
other users. This was due to the selfish nature of
every user. Therefore, we have made a value in the
middle of these two values with a view of making
the user still able to transmit and communicate with
other users but in the power that was not wasteful as
the maximum power usage.

By using the feasible solution of power control as
in equation (2), then the power vector for all k user
group can be defined as follows [14]:

Pp=(—H) 'nk (10)

with P is power vector for user group that uses
channel k and n, = (m;) is normalized noise vector.
The number of elements of Py is the same with
number of user using the same channel.

The requirement of system would be feasible if:

1. The value of P* is a non-negative power vector
[23]
2. The |eigenvalues of H| < 1 [24]

Based on [10], existence and feasibility have the
same meaning, so if it exists, the system will be
feasible to be implemented. Feasibility is also
associated with the maximum power, B, .. If these
two conditions are met but the power used exceeds
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the maximum power it will not be feasible. It is also
the underlying principle of DCPC and GDCPC. To
maintain feasibility, it can be done in various ways,
including SU removal [12], to make a lower
interference by widening the distance between the
users and decreasing the SINR target.

3.2 Convergence of Iterative Power Control

Because it is associated with the iteration
algorithm, it is necessary to note in the DPC scheme
to prove the convergence. The requirements of
convergence have to meet some of the properties:
Positivity, Monotonicity and Scalability [25].

Convergence and uniqueness have the same
meaning, so that if the iteration system is convergent,
it will reach certain unique point [26]. The
characteristic of the convergence of the algorithm
with full information can be applied to the
distributed systems [27]. The system is called
convergent if during the process of power update no
more changes in power, or a very little power
changes (¢) [28].

4. Simulation Results

Based on simulation result, the feasibility and
convergence test was done on three types of DPC:
DCPC [17], GDCPC [18] and the proposed HDCPC,
as the sustainability of the research by Sooyeol [21].
This is because in Sooyeol [21] not discuss the
feasibility and convergence system based on
iterative methods, but only discusses the influence
of the distance to interference and also the effect of
distance on the number of supported users that are
still able to be handled by the system.

At the initial stage, the feasibility and convergence
test was performed on the DPC method or often
referred to Power Balancing Algorithm (PBA) as
outlined in equation (6). The feasibility of a system
can be affected by a range of users, number of users
and the SINR target. When the system feasible, the
farther the user from the receiver, the greater the
transmitted power.

Based on the feasibility, the DPC system is
divided into three conditions: 1) infeasible condition,
2) semi feasible condition, and 3) ideal feasible
condition. As for the analysis of convergence, DPC
system will be analyzed based on the speed in
achieving convergent.

4.1 Infeasible Condition

Based on the system model, link gain matrix H of
the user group as in a system model can be seen as:

H. — [ 0 1.523757013]
17 10.180668734 0
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H =[ 0 2.945042026]
27 10.237085318 0
0 0.746083662 1.523757013
H; = |4.840239828 0 2.945042026
0.180668734 0.237085318 0

H, = [0]

The test results of eigenvalue of H are shown as
follows:

ik :[ 0524685859 . .. _[ 0835599321

9" = | _0524685859 1 972 = |_0.835599321
2.345132222

eigH; = | —1.850807570 | eigH, = [0]
—0.494324652

It can be shown that some eigenvalues of matrix H
met the qualify |eigenvalue of H| <1, but there were
some of them not qualified. This was because of the
use of channels simultaneously which were most
numerous in channel 3 of matrix H3, so that the user
group was not feasible. Associated with eigenvalues
not qualified, then the power vector results would
also be affected. Nevertheless, there was one user in
the group channel 3 whose value was still eligible
with the value of |eigenvalue of H| < 1, as shown in
the user 3 channel 3, |—0.494324652|, so that the
results of the power vector P; is in positive value.

The feasible solution of power vector refers to the
feasibility test in centralized power control as a
reference to the distributed iterative power control:

_ [0.151698 _ 10.662611
b= [0.901663] mw By = [0.219854] mw
—0.0444302
P, = —0.128357]mW P, = [0.0143068]mW
0.0243005

The results of the vector power were in accordance
with the results of |eigenvalue matrix H| before and
it can be shown that in P; had an infeasible result, as
leigenvalue of H3|. This was because the value of
the power vector was negative. So if the iteration
process was carried out as the process of power
update, it would generate a value undefined.
Infeasible condition usually occurs because the
distance between the users and the FAP is too far or
the distance among the users is too close causing
high interference. However, not all users in the
group P; had negative power vector. User 3 channel
3 at P; had a positive value equal to 0.0243005 mW.
This was because the value of |eigenvalue of H| < 1
meaning the eligible for the feasible conditions.

4.2 Semi Feasible Condition

The results of the feasible solution can be used as a
reference for the iteration process on distributed
power control and the results shown in Fig. 3 and 4.
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Figure.3 Power update in semi feasible condition
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Figure.4 SINR user in semi feasible condition

Based on the results in Fig. 3 it can be concluded
that when system was feasible, the iteration process
of achieving convergence was very short, while for
condition that is infeasible then the iteration would
be very long (divergent) and power consumption
exceeds the maximum power (B,..).- The more
users who use the same channel simultaneously, the
longer iterations are required to achieve the
convergence. This can be seen in Fig. 3 for the use
of channel 3.

In the same condition, the more the users using the
same channel simultaneously, the greater the power
transmitted by the wuser when reaching the
convergence. This can be seen in Fig. 3 for the use
of channel 3. In this figure, it appears that the more
users who used the channel simultaneously, the
higher power required, even exceeding the
maximum power. The convergence of the power of
the users who used this channel as also the longer
reached, could be up to hundreds or even thousands
of iterations with the use of power greater than Py, .

Figure 4 showed that the more users who use the
same channel simultaneously, the longer the
convergence to be achieved. It was presented by
users who used channel 3 that has reached
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convergence in 20th iteration. Despite achieving
convergence condition, but this user was only able
to achieve SINR of 4.8 dB, meaning unable to
achieve the SINR target. It was unequal in the case
with users who used channel 1, channel 2, and
channel 4 that were able to achieve the SINR target
of 5dB.

DCPC, GDCPC and HDCPC methods were
applied to the conditions of semi feasible where the
treatment was done in power value that exceeded the
maximum power, P, .. Treatment was performed
on the user experience of semi feasible condition
that could turn into ideal feasible or at least there
was an increase in SINR performance in terms of
power usage. The treatment could be done in two
ways: 1) handover-channel based and 2) fixed-
channel based.

4.2.1 Handover-channel Based Treatment

If the condition was still possible to move the
channel, it was done by moving the user who
originally used the full-channel to the empty-
channel (handover channel). For this case, the
channel handover occurred at the user 2 which

initially used channel 3 and then moved to channel 4.

This was because the channel 3 is a full-channel
(poor channel quality), while the channel 4 was
channel with a few users (good channel quality).

Based on Table 1, it can be concluded that the
process of channel handover can improve the user
SINR so as to achieve the SINR target. It can be
seen in all users who used channel 3 which was
initially only achieving SINR of 4.5978 dB but after
the handover process, all users were able to achieve
the SINR target of 5 dB.

4.2.2 Fixed-channel Based Treatment

If the condition was impossible to move the
channel or in single-channel condition, then it could
use the method of DCPC [17] that made the power
equal to maximum power (PBy,,) Of GDCPC [18]
that made the power equal to zero (p; = 0), or using
the proposed method HDCPC with a determined
value which was a half of maximum power, 2Py, ..

Table 1. Handover-channel based treatment

User-Channel Channel Handover
SINR Before (dB) | SINR After (dB)
User1Ch1l 5 5
User 1 Ch 3 45978 5
User 1 Ch 4 5 5
User 2Ch 2 5 5
User 2 Ch 3 45978 -
User 2 Ch4 - 5
User3Ch1 5 5
User 3Ch 2 5 5
User 3Ch 3 45978 5
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Table 2. Fixed-channel based treatment
SINR SINR After (dB)
User- Before

Channel (dB) DCPC[17] | GDCPC[18] | HDCPC
User 1 Ch 1 5 5 5 5
User1Ch3 | 45978 4.09219 0 4.09219
User 1 Ch 4 5 5 5 5
User 2 Ch 2 5 5 5 5
User2Ch3 | 45978 5 5 5
User 3 Ch 1 5 5 5 5
User 3 Ch 2 5 5 5 5
User3Ch3 | 45978 5 4.99998 5

SINR Before
SINR DCPC oaanen
r SINR GDCPC  meen
SINR HDCPC e

SINR (dB)
~

UtC1 U1C3 U1C4 U2C2 U2C3 U3C1 U3C2 U3C3
User i Channel k

Figure.5 SINR Comparison in fixed-channel based

Table 2 showed the power usage on the HDCPC
~Prnax that produced the same SINR when the user
used a maximum power, P,.,. Based on these
results, it can be concluded that the maximum power
usage in DCPC method did not have much effect on
the increasing of user SINR. This was because the
user was already in the saturated conditions as the
effect from the use of the channel at the same time
or because of the influence of the distance between
users that affecting the interference (the near-far
effect). Thus, SINR resulting from use of B, and
%Pmax was not much different or even the same, only
the speed of iteration that distinguish the two
methods. In addition, the use of methods of GDCPC
made the user stops transmitting on the channel if
the power exceeded the maximum power, P, gy,
resulting in a better performance to other users and
achieved the SINR target, but in reality it could be
difficult to be implemented. Because the user had a
power exceeding the maximum power, B, ., Was
forced not to transmit.

In general, HDCPC is better than DCPC, because
the HDCPC requires less power to get the same
SINR using maximum power at DCPC. HDCPC is
also more reasonable in implementation than
GDCPC, because it is impossible to force the user
not to transmit the power (at GDCPC) for the sake
of another user, considering the character of the user
who selfish in transmit-power usage.
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Figure 5 showed that user i who used the channel k
is abbreviated by UiCk. It showed the comparison of
the three methods: DCPC [17], GDCPC [18] and
proposed HDCPC. From this figure it can be found
that for a use using channel 3 (UiC3) had the initial
SINR (SINR Before) less than the SINR target.
After treatment, both at DCPC and HDCPC, the
results of user 2 (U2C3) and user 3 (U3C3) were
able to achieve the target SINR but user 1 (U1C3)
could not achieve the SINR target. This was because
user 1 is the farthest user from the FAP, so the
signal became weaker and interference from other
users would be higher. In addition, because the user
1 using a channel that is crowded, so the user needs
greater power and cause interference to other users.
This makes another user also increased power to
maintain the SINR. This condition makes the users
who use channel 3 are unable to achieve the SINR
target.

4.3 Ideal Feasible Condition

Figure 6 showed the ideal feasible condition and
convergent condition. It is said to be ideal because
all users could converge to the value of power still
below the maximum power, P, .., making it eligible
for feasibility and convergence. Low power usage
occurred to user 3 either on the use of channel 1,
channel 2 or channel 3. This was because this user
had the closest distance with the FAP, so it did not
require a high power to be able to transmit data.

Differences power value required by the user was
caused due to the distance between the user and the
amount of interference due to the use of channels
simultaneously. Both of these factors were very
influential, but the most significant influence was
interference by the simultaneous use of channel.

Figure 6 showed that two users who consumed the
most power were those using channel 3, the channel
most widely used simultaneously than any other
channel.

142

6 T T T

5 B =

[y

K=

g 3F .
=

%) user 1 chl ——

2 | user 1 ch3 ]
user 1 ch4 ——
user 2 ch2 ——
user 2 ch3

r user 3 ch1 .
user 3 ch2 ——
user 3 ch3 ——

0 1 1 1

0 5 10 15 20
Iteration

Figure.7 SINR user in ideal feasible condition

Figure 7 showed the user SINR during the iteration
process in ideal feasible conditions. From this figure,
it can be seen that all users were feasible and could
achieve the conditions converges the SINR target
value which was equal to 5 dB.

4.4 Analysis of Convergence

This analysis was based on the test on the speed of
convergence (convergence rate) at DPC with some
ideal conditions by testing two SINR target values.
This analysis was not performed on Sooyeol [21]
because there are not applying the iteration method
for power update process, so that the convergence of
the system cannot be analyzed. In this study, the
given SINR targets were 5 dB and 9.9 dB used to
test the convergence of the system.

As seen in Table 3, in SINR target of 5 dB, both
the power and SINR had fast iteration within less
than 10 iterations to achieve the convergence. While
at time the SINR target increased to 9.9 dB, the
iteration became slower in achieving convergence,
in the range of 25 iterations for the channel with
more users. It can be concluded that the larger the
SINR target, the longer iterations required to
achieve convergent condition. In other words, the
convergence rate is inversely proportional to the

40 SINR target. In addition, related to the analysis of
user 1 c e
a5 b usor 1 o3 ] the convergence speed, the more the number of
1 —_— . .
N user 2.cha —— users simultaneously using the channel, the longer
ear 3 chi the number of iterations required to reach the
s &} userdcns —— 1 convergent condition, and vice versa.
o
g 20F Table 3. Convergence rate of power and SINR
£ 15F User- SINR Targetof 5dB | SINR Target of 9.9 dB
channel Power SINR Power SINR
10 | 3 Iteration Iteration Iteration Iteration
User1Ch1l 6 6 12 10
ol E User 1 Ch 3 9 8 28 24
0 . . . User 1 Ch 4 2 2 2 2
5 10 15 20 User 2Ch 2 4 5 8 8
fteration User2Ch3 8 8 25 25
_ — _ — User3Ch1 5 6 9 10
Figure.6 Power update in ideal feasible condition User 3 Ch 2 5 5 8 8
User3Ch 3 9 8 27 25
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From Table 3, it can be concluded that besides
affect to the feasibility, multi-channel and channel
sharing usage are also greatly affect to the
convergence rate.

From Figures 8 and 9, it can be shown that the user
using the channel 3 (U1C3,U2C3 and U3C3)
required at most iterations to achieve convergent
than users using other channels, while the user using
channel 4 required the less iterations. It can be
concluded that the more user using the same channel,
the more iterations required for achieving
convergence. In other words, convergence rate was
inversely proportional to the number of users per
channel.

In addition, as shown in Fig. 8 and 9 can also be
seen that the user 1 channel 4 (U1C4) had the fast
convergence rate equal to the both of SINR target,
namely 2 iterations. This means that changes to the
SINR target did not affect the user using the channel
itself (single user for single channel). This was
because interference that received by the user was
very little.
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Figure.8 Convergence rate of SINR iteration when SINR
target is changed
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Figure.9 Convergence rate of power iteration when SINR
target is changed
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5. Conclusion

Based on the results, it can be concluded that when
the results of eigenvalue of matrix H was less than 1
S0 as to produce a non-negative power vector means
that the system was feasible. When the system is
ideal feasible then all users will be able to achieve
the SINR target and the power will be convergent in
a unique point that less than maximum power. But
when the system is semi feasible then some users
will not be able to achieve the SINR target and the
power will be convergent in a unique point that
more than maximum power.

The use of channels in a simultaneous manner by
many users will influence the feasibility and
convergence. The more users who use the channel,
feasibility and convergence will be difficult to be
achieved. Similar with distance, the farther the
distance of user to the FAP and the closer distance
of the user to the interferer could lead to, the greater
interference making the feasibility and convergence
increasingly difficult to be achieved.

From the DPC analysis it can be concluded that
the maximum power usage that did not have much
effect on the increasing of user SINR. This was
because the user was already in the saturated
conditions as the effect from the use of the channel
at the same time or because of the influence of the
distance between users affecting the interference
(the near-far effect). Thus, the use of HDCPC will
have an effect on the efficiency of power usage
when it compared with DCPC, and HDCPC would
be more implementable compared to GDCPC. In
addition, related to the convergence analysis, it can
be concluded that the larger the SINR target, the
longer iterations required to achieve convergent
condition. In other words, the convergence rate is
inversely proportional to the SINR target.

Future work of distributed power control is novel
Power Control Game (PCG), which is power control
based on Game Theory in cognitive femtocell
network. This method is expected to have less
power, higher in achieving SINR and better in
convergence rate.
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