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Abstract

Macro-Femto Hybrid Cellular Network (MFHCN) has been considered as one of the most promising
infrastructure for the upcoming next generation cellular network. Femto-Cell (FC) is very effective when it
comes to reducing poor signal coverage. The range of the device might be low but it functions to reduce the
traffic congestion of the larger Macro Network as well as provide enhanced data rate for both voice and data
transmission. In short, it provides better Quality of Service (QoS), i.e., reduce congestion, increase capacity,
reduce system outage, while using minimal power consumption. In this work we propose a suboptimal Resource
Allocation algorithm for MFHCN. Multiuser and Multiservice are considered in this proposed model. A priority
parameter is introduced to maintain fairness amongst all users. By doing so, we were successful in achieving
improved outage probability without compromising the total system throughput.
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1. Introduction

A typical human behavior is that human beings prefer reliability. Every individual’s daily schedule now demands
the availability of technologies whenever needed. If we look at the usage of the internet in our daily lives, even
the prominent concept of Third Generation (3G) internet, which has been so successful in fulfilling everyone's
need, is eventually not good enough if it is not accessible to the user whenever he/she demands, either due to
being on the cell edge area or indoors (e.g. basement). For this reason many researches are being conducted to
enhance the system capacity while using the current technology. During our literature survey we came across a
few other probable solutions. One of them is by increasing the total transmission power of the system (Ahamed,
2008). But since we are using Microwaves for transmission, so if we exceed a certain limit, it will cause human
health hazard (Revermann, 2002) and also cause wastage of power. Another solution that we came across is the
use of Cooperative Relay System (Kaiser, 2010). But the usage of such a technology introduces additional
propagation delay into the system, which cannot be tolerated in case of Real Time (RT) users. After different
reviews and logics, we are considering to use of FCs as an efficient solution in terms of fairness and increasing
the total system capacity.

FC is a very small radius, low power base station which is very user friendly due to its plug-and-play feature and
can use the same transmission frequency as of that of the base station (Holger, 2008). But due to this it
introduces Co-Channel Interference (CCI) into the system which can be mitigated by using several techniques,
one of them is Frequency Reuse (FR), another one is the Inter-Cell Coordination (ICC) scheme and the other one
is Fractional Frequency Reuse (FFR) technique (Boudec, 2009; Stolyar, 2008; Elayoubi, 2008; Assaad, 2008;
Necker, 2007; Simonsson, 2007). Hence our work is more focused on Resource Allocation.

One of the primary objectives of our work is to build a MFHCN that will ensure “Fairness”. The idea of Fairness
has multiple definitions (Ahmed, 2009), one of them is, every Mobile Users (MU) will receive equal data rate
despite their channel conditions. Another term is called “Maximum-Minimum Fairness” (Wikipedia, 2011), in
which it is mentioned that, regardless of a minimum data rate, best effort is made to make sure that the data rate
is maximized as much as possible. Amongst all, we preferred to define fairness in such a way where a MU
having ideal channel condition will receive preference and vice versa, thus increasing total system capacity. In
addition to that, the power allocation done within the entire MU will be such that every mobile user will receive
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their minimum desired Data Rate (DR) regardless of their channel conditions and we plan to achieve this by
using our own Priority Equation about which will be discussed later on. If Resource Allocation is carried out
while maintaining a low level of fairness then despite having a high average system throughput the system will
be facing low stability when it comes to QoS. Furthermore, without the fairness factor, these cell edge users will
be getting deprived as they will be exposed to high signal attenuation, which means they will require more power
in order to maintain their desired DR (Boudec, 2009). Here the priority equation will play its part by making sure
that the cell edge users will be given more power, keeping in mind that the additional power provided does not
deplete too much of the total power available for the network.

We will be using the Orthogonal Frequency Division Multiple Access (OFDMA) technique since it is considered
to have enhanced capability in comparison with Code Division Multiple Access (CDMA) and Time Division
Multiple Access (TDMA) (Yin, 2006), and as only the downlink scenario in MFHCN is considered in our system,
this technique has been preferred to be adapted in the next generation wireless network since it is anticipated to
enhance both the coverage and capacity of the network (IEEE 802.16m-07/002r4, 2011; Yeh, 2008). It has also
been mentioned that the use of OFDMA provides a high transmission rate, enhances the frequency efficiency and
cancels out multi-path fading (Zhou & Sato, 2009).

For power allocation we will be using Multi-level Water Filling Algorithm (MLWFA) which is a modified
version of Water-Filling Algorithm (WFA). In WFA, a sub-carrier with a low noise variance or higher SNIR is
allocated more power (Yu, 2001; Flanagan, 2003), but the primary reason for choosing MLWFA is because the
power is allocated up to a certain limit for every user so that a particular user does not interfere with its
neighboring ones (Zou, 2010). The computational complexity of optimal power allocation is extremely high.
Thus suboptimal algorithm has been proposed (Kaiser, 2010). The main focus of our work is to apply one such
power allocation scheme which will maintain fairness amongst the users and devise an optimization problem
subjected to total power and QoS. The proposed priority parameter will be maintaining the fairness while
allocating resources (power and sub-carrier) to the MU. Our goal is to improve the Outage Probability without
compromising the Total System Throughput. The parameters consist of the full channel state information and the
QoS constraint.

Section 2 discusses the system model, section 3 includes the optimization problem, section 4 shows the
simulations and results, and finally we conclude our work in section 5 along with some future recommendations

2. System Model

In this proposed system model, one Macro-Cell (MC) is considered, and the FCs are placed at the cell-edge arca
of that MC coverage area since we are considering the worst case scenario for our work. We are also considering
this system to be an OFDMA downlink system. The MC Base Station (M) is connected with a total ; number
of both RT and NRT users. It is assumed that all the Mobile Base Stations (MBS) know the delay (maximum
tolerable time delay, 7,,,,, ) and channel state information (minimum data rate, R, and maximum tolerable
interference, 7, ). Our cell is a single antenna cell and the only form of fading we are considering is the

> © max

Rayleigh Fading.
2.1 SNIR of Macro-Cell
The MBS hands off to the FC if and only if the SNIR of Femto-Cell (SNIRr) is greater than the SNIR of

Macro-Cell (SNIRw). The SNIR of the & -th user using n -th sub-carrier of MC are calculated in the following
way.

—a,
WY
0-2 + Z p*k,ng*d*iam;

Here B, is the power allocated to the £ -th user using 7 -th sub-carrier of the MC, G is the channel gain, D
is the distance between the BS to the user where «, is the loss exponent which vary from 2 to 3.5, o is the
noise variance, p*k,ﬂ is the interfering FC power, g is the channel gain of the interfering FC, d"is the
distance between the MBS and the interfering FC, and ¢, is the loss exponent of Macro user to the interfering
FC which also varies from 2 to 3.5.

SNIR,, = (1)

So we can rewrite Equation (1) as,

Ijk},,G —y

SNIR, ==+

()
where, 7=)"p", g'd"“" .
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2.2 SNIR of Femto-Cell
The SNIR of the & -th user using # -th sub-carrier of FC can be calculated in the following way.

P84
0-2 + z p*k,ng*d*iaﬁ- + Pk,nGDiaMF

SNIR, = 3)

Here, py,, is the active FC transmission power, g is the channel gain of the FC, d is the distance between the FC
BS to the user, «, is the loss exponent of that FC user which varies from 2 to 3.5, &° is the noise variance, is
p., the interfering FC power, g is the channel gain of the interfering FC, d"is the distance between the FC
user to the interfering FC, «,, is the loss exponent of Macro user to the interfering FC which also varies from 2
to 3.5, F,, is the interfering MC power, Dis the distance between the FC user to the MC BS and ¢, is the
loss exponent of MC.

So, we can rewrite the Equation (3) as,

d-
SNIR, = 42— )

o' +1,

Where’ IF = zp*k’ng*d*fapp +B€’nGthlMF
2.3 Data Rate of MBS

Now, the data rate of MC user can be expressed as,

B, —log,| 1+ 552" (5)
., =lo +=
k,n gZ 0_2 + ]
and the data rate of FC user can be expressed as bin,
P84
b,, =log,| 1+—"— 6
k.n gZ[ O'Z +IF J ( )

Here, F,,and p,, are the transmit power of the MC and FC BS respectively. This cannot exceed the total power
of P, +p,,<PF.(P isthe total power we are considering.)

k,n

3. Optimization Problem

Our concern is to improve the outage probability and maximize the data rate of the system by allocating the
resources (Power and Subcarrier) in such a way that the QoS and Fairness will be maintained. So the
optimization problem for the MC user can be written as:

Maximize ZZBM
k n
Subjectto Y >"F, <D P, (7
k n
Pk,n > 0’ Pk,n](‘2 S [max

Here f is the channel gain of the MC user. So the term B, , f* <7, , makes sure that the current user does not
interfere with its neighboring users as according to the MLWFA.

For the FC user, the optimization problem can be written as,

Maximize Z Zb,m
k n

Subjectto Y > p, <D P, (8)
k n

ljk,ng.2 S [max
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Here g is the channel gain of the FC user and s is the maximum tolerable interference. So the term

p..g <1 makes sure that the current user does not interfere with its neighboring users as according to the
MLWFA.

So,

total system data rate = ZB,M + Zbk’n )

3.1 Priority Equation

As we have stated above, our main aim is to improve the outage probability and increase the total system DR. So,
to achieve our goal we introduce a priority parameter. It is given as,

7 B A
R . t
\I] — min £ T( ) +ﬂ (10)
R(?) (1 =1)* 7,
where, R . is the minimum data rate of the user, R(¢) is the current time slot data rate, z(¢) is the current

time slot delay, z(¢—1) is the previous time slot delay, 7, is the maximum tolerable delay, y, Aand f isa
constant which varies between 0 and 1 depending on the situation.

As the delay is a big factor especially in case of RT MUs', at first it is checked whether 7(¢) >, or not. If yes,
then £ issetas 1 and y setas 0. Then we calculate W as per Equation (10). Now, if it is greater than one, it
will get high priority. If the situation is the other way around, then [ set as 0. Then we will check whether
R(t)< R, ornot. If yes, then » issetas 1 and then the priority value is calculated. If vice versa, then y set as 0.
After four loops, if it still fails to meet the desired SNIR then we will set A as 0 which means it will not get

priority. The entire process is better demonstrated by Figure 1.

START
No B=0
Yes
-7 No
- =0
Yes
A 4
CALCULATE B
v r=1
A\ 4 A\ 4
END CALCgLATE <

Figure 1. Priority flowchart

Let us consider three situations.

(1) If current slot delay is high, it means, z(¢)>r,,, , where () and 7, are the current delay and maximum

delay respectively, then according to our consideration we will set » =0, and f=1.

max

(2) If current slot delay is ok, means 7(¢) <7 but current slot DR is failed to achieve minimum DR, means

max >
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R(¢) < R, then according to our consideration we will sety =1, 5 =0.

(3) If current slot delay is ok, means z(¢) <z, and current slot DR achieve its minimum DR, means R(t) > R, ,
where R(t) is the current bit rate, then according to our consideration we will sety =0, 5 =0. Let us consider
the first situation. Suppose, 7(f) =27, . Now from the priority equation,

7 B A
N O s (O N
)

A

4 B
R « 2t ..
o KR@)] {r(r—l)*rmx} } i (2

Now putting the values y =0 and £ =1 in Equation (12) we get:

o) e ]
R(?) T(t-D*7 .

So we can see that the value of W must be greater than 1, which clearly shows that time delay is given the
highest priority.

Now,

Now considering the second situation, suppose R, = 2R(¢), therefore we get:

7 B 4
(2RO ] 0
e l( ij {m—l)*rm} } vh (14)

Now putting the valuesy =1and f# =0 in Equation (14), we get:

_||(2r0) [ ] (15)
R(?) tt-D*r

The value of Wwill be greater than 1. This shows that if minimum bit-rate is not achieved, that user will get
priority.

Now considering the third situation, suppose 2R . = R(¢) and 27(¢t)=7__ :

min max

A

i 7 s
B R(t) 27(t)
re (ZR(t)j {r(t—l)*rmax} } v (10
Now putting the values y =0 and g =0 in Equation (16), we get:
v [( R(I)J *{ 22(f) H o an
2R(?) Tt-D)*7,,

The value of W will be equal to 1, which means that this user is under ideal conditions and hence requires no
additional priority.

3.2 Power Allocation Technique

We allocate resources according to the priority. First we determine the priority. And then allocate subset of
sub-carriers to the user from sub-carrier setg . After that we allocate power using the MLWFA. And then we
allocate the rest of the sub-carrier set to those users who are unable to meet their minimum data rate using the
conventional schemes.

The power allocation of optimization problem of MC users can be stated as:
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Maximize ZZB,M
k n

subjectto » > B <> P,
k n

1)k,n > O’ ])k,nfz < [max

(18)
P/{,nGD_am
Bk,n = 10g2 l+ﬁ
Using the Lagrangian function,
Letog, |1+ 7P b (19)
=lo + = |+
& o’ +1 g
The derivation of Equation (19) with respect to F, is given by,
GD ™"

oL 2

o= o +1 +2=0 (20)
on. [, B.GD "

0 + =
& o’ +1
n € sub-carrier set ¢@.
From Equation (20) using Karush-Kuhn-Tucker conditions and setting the equation zero we can obtain,
A
k,n - k,m - (21)
R.GD“ B G D™
1+ 27 1+ T m
o +1 o’ +1
})k VlGﬂDian 1)k n Gn Dianl
Where 4, , = —" A, =5 and n,n, € g and n # n,.
’ o +1 - o +1
Equation (21) can be written as,
A4,,-4
B, =R, +—" " (22)
Ak,n Ak,nl

From Equation (22), taking into consideration £, , >0 and B, , < B, we have,

1 ny
Pk,n = _[R{ +ZA/( n]_Ak,n
nk n=0 '

(23)
Now the optimization problem for the FC users can be stated as:
Maximize Z Z b,
k n
subject to ZZp,M < ZPk
k n
24
pk,ng2 S Imax ( )

Din8d
b, =log, |1+Eno
o &2 { o’ +1, J
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Using Lagrangian function,

=
L=log, (1 +%J + AP, (25)
F

The derivation of Equation (25) with respect to P, is given by,

gd™
2
I
L S FR— Y (26)
Spy pk,ngd !
log, | 1+—7———
o +1,

n € sub-carrier set ¢@.

From Equation (26) using Karush-Kuhn-Tucker conditions and setting the equation zero we can obtain,

where,
E E
k,n — — k,m — (27)
pk,ngnd ’ pk n gnd ;
I+ == 2hmems —
o +1F o J,-[F
Equation (27) can also be written as,
Ek n Ek n (28)
= —|——’ it
pk,n pk,n1 Ek’n ,kE,k’”1

And hence from Equation (28), we can therefore state that,

1 ny
pk,n = |:n_(pk +zEk,n]_Ek,n:| (29)
n=0

k

In our model we will allocate power and subcarrier in the following way. Firstly the system will seek out the
entire active MUs' within the network coverage area and sort them out in a list. Then by setting the value of
k =1, we are now considering the first user. Then we calculate the priority factor of this user. If Wis greater
than 1 then we allocate the best subcarrier set available to that user. If vice-versa then we allocate the normal
subcarrier set to that user. This process is repeated for every user by increasing the value of & by 1 every time,
while continuously checking whether we have any remaining subcarriers remaining or not. This process loop
will only seize to continue if either of the conditions are broken. Afterwards we allocate power using MLWFA.
After allocating power we calculate the DR for the users. Then we check again for remaining subcarriers, and if
there are any remaining, then we allocate power to those users whose DR is less than R, using conventional
power allocation schemes. But if there are no more remaining sub-carrier sets, then we simply end the process.
The entire process is better demonstrated by Figure 2.
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START
4
k=1

4

CALCULATE
¥ <
No Allocate
Normal Sub-
carrier Set
Yes

Allocate Best Check for any

remaining Sub- k++

Sub-carrier Set .
carrier Set

Allocate Power
using MLWFA

A

Calculate Data
Rate

gain Check fo
any remaining Sub-
carrier Set

Find R(t)<Rmin

Allocat(; rest of
RB using
conventional
schemes

Figure 2. Resource allocation flowchart

4. Simulation and Results

In Figure 3, it shows the effect of FC transmit power on outage probability of MC and FCs. Here the circle
marked straight line represents the outage probability of MC using optimal power allocation when 50 FCs are
deployed in the system. We can see here that the outage probability increases with FC transmit power. This
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occurs due to the additional CCI caused by the FCs. The circle marked dashed line which represents the outage
probability of the MC while using our proposed model, also behaves in the same way but its outage has slightly
increased since we have introduced fairness into our system. In the figure we can also see that if the number of
FCs increases in the system, the outage probability also increases as shown by the diamond marked straight and
dashed lines. Now heading over to the reading for the FCs, the square marked straight line shows the outage
probability of the FCs while using optimal power allocation and the square marked dashed line represents the
outage probability of FCs of the proposed system model. We can clearly see here that in proposed system, the
outage probability improves significantly. Similar behavior is shown when the number FCs deployed in the
system is doubled, as shown by both the star marked straight and dashed lines. So we can say that the outage
probability of the total system is bound to improve.

—s—n=50; Macro
10" | —=n=50; Femto
H-e~n=50; Macro (proposed) |-
ey n-2-n=50; Femto (proposed)
s | ——n=100; Macro
T ||-+-n=100; Femto
o -¢-n=100; Macro (proposed)
% 10° || =»=-n=100; Femto (proposed)
o)) e R — & y ¥
ol BESE R e SN R IS Lo piSisin
R i o o A R Fe e i i T
o NN U DU N N S—
I
.
T S r

L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Femtocell transmit power/cell in percentage

Figure 3. Effects of Femto-Cell transmit power on the system's outage probability

Figure 4 shows the effect of FC transmit power on FC throughput per cell. Here we can see that by increasing the
transmission power of FC, the throughput of all the FCs in the system increases. In the figure, the circle marked
straight line denotes the throughput of the optimal power allocation and the circle marked dashed line denotes
the proposed model throughput. We can see that the proposed model shows a slight improvement. The figure
also shows that when we increase the number of FCs in the system, it maintains a similar behavior as shown by
both the square marked straight and dashed lines, but the FCs throughput decreases. This occurs as the
interference increase with the increase in the number of FCs as per Equation (3).

(o]

[l —e—n=50 1
-o-n=50(Proposed) i
|| —=—n=100 N S S
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Femtocell throughput/cell [b/s/Hz]
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o
o
i
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Femtocell transmit power in percentage

Figure 4. Effects of Femto-Cell transmit power on Femto-Cell Throughput Per Cell
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Figure 5 represents the FC transmit power on MC throughput per cell. In contrast to the previous figure, here the
throughput of the MC in the system decreases. This is due to the existence of FCs in the system. From equation
(1), we see that increase in the power of the FC increases interference. Due to that the MC system throughput
decreases. The circle marked straight line is the throughput while using the optimal power allocation and the
circle marked dashed line represents our proposed power allocation model. The reason why our model gives
lesser throughput is because the optimal power allocation concept is based on giving the best subcarrier to the
best users. But since we are maintaining fairness amongst users (e.g., cell-edge users and users near the BS), this
results in a slight decrease in the MC throughput of our proposed system. Similar behavior is seen when the
number of FCs in the system increases. We can see in the figure above that all the curves behaves in a way so
that they achieve a minimum data rate, which has been ensured due to the introduction of our proposed priority
parameter.

4 T T :
——n=50
350 ; : —o-n=50(Proposed) 4
\ : —=—n=100
3 N O TS BT SR S D -2-n=100(Proposed) 1

L

et
&)
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[9)]
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Macrocell throughput/cell [b/s/Hz]
o
o

o

1 1 1 1 1
0.3 0.4 0.5 06 07 0.8 0.9 1
Femtocell transmit power in percentage

o
o
N
o
N

Figure 5. Effects of Femto-Cell transmit power on Macro-Cell throughput per cell

Figure 6 represents the effect of FC transmit power on the total throughput per cell. From this figure we can see
that the total system throughput ultimately increases as the power of the FCs are increases as well. Here the
circle marked straight line represents the output while using the optimal power allocation and the circle marked
dashed line represents the output of our proposed model. The square marked straight lines and square marked
dashed lines represents the results if the total number of FCs were increased to 100. These results clearly indicate
that the total system throughput remains similar in comparison to that of the optimal power allocation.

——n=50 | |

—-0-n=50 (Proposed) ! !

N—=-n=100  [r--""- N N
| |
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Figure 6. Effects of Femto-Cell transmit power on total throughput per cell
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5. Conclusion

In this work, we used a suboptimal power allocation algorithm using priority parameter. The primary motivation
for our work is to maintain fairness amongst all the users while not compromising the total system throughput.
The results of our work have been compared with the results of the optimal power allocation model used in
different researches. Our proposed model proved to be better because we successfully achieved improved outage
probability while maintaining the total system throughput. We also managed to do so while maintaining fairness
amongst all the users in the system by introducing a priority parameter. The channel model considered in this
work is Rayleigh fading model which is not exactly applicable for the 3G and 4G cellular systems. We would
like to extend this work by considering Nakagami-m fading channel for the optimal subcarrier-power pair.
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