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Abstract—Increasing the capacity of wireless cellular networks
has always been an important objective. To achieve high capacity,
full frequency reuse is considered in 5G systems by the research
community. However, the efficient Inter Cell Interference (ICI)
mitigation methods are required since full reuse deployment leads
to the problem of ICI in cellular networks. To improve the user
performance, a flexible Fractional Frequency Reuse (FFR) has
been emerged as a solution in recent times by overcoming the
ICI. However, FFR has three important design parameters, such
as Signal to Interference plus Noise Ratio (SINR) threshold,
bandwidth ratio and power ratio. The optimal choice and
configuration of the design parameters is very important as
their configuration determines network performance. Hence,
it appears highly desirable to investigate the impact of the
parameters on the system performance. This paper investigates
the impact of the design parameters on the deployment of flexible
reuse and suggests the optimal range of parameters where the
capacity of flexible reuse is increased significantly when compared
against full reuse.

I. I NTRODUCTION

To meet the increasing future traffic demand, the Interna-
tional Telecommunication Union-Radiocommunication sector
(ITU-R) defined requirements, framework and overall ob-
jectives of the future development of International Mobile
Telecommunications (IMT) for next generation wireless net-
works [1], [2]. One of the important requirements is to provide
uniform services to the users irrespective of their locations,
amongst others. There are certain Physical (PHY) and Medium
Access Control (MAC) layer techniques being used by 4G
systems in order to meet the capacity requirements. To meet
the increasing capacity demands in future cellular systems, the
PHY and MAC layer techniques are not sufficient. Therefore,
the strategies such as reduced cell size, relays, heterogeneous
architecture with micro, femto, pico cells, and frequency
reuse, amongst others are being considered to increase cell
capacity. Frequency reuse plan is required in future cellular
systems. The reuse plan may be at the choice of the network
operator. However, 4G mobile networks use OFDMA as the
transmission scheme [3], and these networks considered single
frequency reuse. Due to heavy co-channel interference cell
edge users suffer from high outage probability. Fractional
Frequency Reuse (FFR) [4] is suggested as a scheme to
improve the situation and may be considered for deployment in

future cellular networks. In FFR, the total available bandwidth
is divided into cell center and cell edge parts as shown in
Fig. 1. The frequency bandf1 is allocated to center users
and1/3

rd of the rest is allocated to cell edge users. Thef2,
f3 and f4 indicate frequencies used in the edge regions as
shown in figure. Users with good SINR condition are allocated
resource from center band while users who experience poor
SINR are allocated the edge band resources. FFR deployment

Fig. 1. Flexible FFR with power configuration

requires three important design parameters.Firstly, the SINR
threshold ‘γth’, which categorizes a user as cell center or
cell edge. Secondly, the power ratio‘ρp’ which distributes the
total transmit power between both the regions. It balances the
power in center band and edge band, while keeping total power
constant. The power ratio influences the SINR experienced by
the user in both the bands. The third parameter, by which
the total frequency resource (bandwidth) is divided into cell
center and cell edge bands, is bandwidth partitioning ratio‘α’.
Bandwidth is divided into center and edge bands and that users
are allotted resources according to their center and edge class.
SINR threshold‘γth’ which is used to classify users plays
a vital role in user throughput. A low‘γth’ would put more
users in center band while a high value will do the reverse.
The resource requirement of a user is dependent on the SINR
which is divided by power ratio‘ρp’. A combination of these
parameters thus influences the performance of such networks.
Hence, the aim of this work is to find optimum range of the
values of the design parametersγth, α andρp in case of FFR
under UMi scenario for which system capacity, in terms of

Asian Journal of Convergence in Technology 
ISSN NO: 2350-1146 I.F-5.11

Volume IV Issue I 

1

www.asianssr.org Mail: asianjournal2015@gmail.com

1



number of users, is improved when compared with that of full
reuse scheme (reuse one) forReal Time (RT) traffic.

A. Related Work

Authors in [4], [5] studied FFR scheme with different power
levels over the cell center and edge bands. To classify the
users into center and edge, this work assumes a fixed SINR
metric, and the performance of FFR has not been described for
optimal range of SINR thresholds. The work in [6] discussed
the impact of scheduling strategies and number of users in a
cell but it has not analyzed FFR for different SINR thresholds
and power ratios, and has not shown the improvement on
cell edge performance. The authors in [7] have presented the
evaluation of FFR scheme, where the base station distribution
following Poisson point process with limited usability. Fixed
partitioning of the available bandwidth is used by those authors
for both center and edge band users. Fixed thresholds are used
in terms of distance and SINR. The expected performance
gains of FFR with irregular cell patterns are examined in [8],
[9] by considering fixed thresholds in terms of distance and
SINR for distinguishing users into cell center and cell edge.

The existing available literature on FFR focuses on Best
Effort (BE) traffic and evaluate the performance of FFR for an
arbitrary value of the important design parametersγth, α and
ρp. All those works in literature presented results only for BE
traffic. However, a suitable and optimal choice of the values
of the parameters in FFR scheme which provides notable gain
in overall cell performance is still to be addressed. Since the
interference generated is heavily dependent on the amount
of transmit power, the load and frequency reuse factor, it is
important to analyze the effect of those parameters for FFR
in order to find the configuration for which the overall cell
capacity performance is improved for regular (hexagonal) and
irregular grid (realistic) layout as well. However, in this paper
we investigate the performance for regular grid only.

Although it is found that there is some amount of work
on the performance evaluation for BE traffic for FFR, there
is hardly any attention paid to the performance evaluation
of RT traffic. However, there are some works carried out on
the performance analysis of frequency reuse planning systems
for RT service recently [10], [11] while serving RT and BE
traffic by considering equal and unequal power levels over the
bands. A huge amount of RT traffic is carried in OFDMA
networks in terms of Voice over Internet Protocol (VoIP) and
streaming video amongst others [12], [13]. In [14], authors
provided the analysis of bandwidth requirement of users in
cellular networks. This work helps in finding the number of
users supportable in a cell. Hence the motivation of this work
is to provide the basic analytical framework of the three design
parameters and finding the optimum range of parameters that
will influence the capacity for regular hexagonal cellular grid.

The rest of the paper is organized as follows. Section II
presents the system model with assumptions of the work.
Section III details the bandwidth partitioning scheme for
downlink LTE networks, performance evaluation results of
the schemes are discussed in section IV, while last section
concludes the paper.

II. SYSTEM MODEL AND ASSUMPTIONS

We consider FFR OFDMA based downlink cellular net-
works as shown in Fig. 1. The cellular layout is a hexagonal
grid with 19 sites with omni-directional with 3-Dimension
beam pattern. Users are random and uniformly distributed in
2-Dimension in a cell. As shown in figure, in FFR, when the
bandwidth is partitioned between center and edge regions in
the ratio of‘α’, then the number of subcarriers used for center
and edge bands isNsc,c andNsc,e respectively. Total number
of subcarriers isNsc. As seen from figure, useru is at a
location with respect to center of a pre-identified desired cell
located by coordinates(0, 0). The location of a user ‘u’ is
given by (r, θ) where0 ≤ r ≤ R and 0 < θ < 2π. The cell
radius is R. SINR experienced by the user is given by

γu,b(r, θ) =
Pr0(r, θ)

PI(b) + PN
, (1)

wherePN is the noise power, PI(b) is the total interference
power in bth band,PI(b) =

∑
i∈I(b) Pri andPri(r, θ) is the

power received from theith base station, which is given by

Pri(r, θ) = PTi
.L.d

−np

u,i .χu,i.|hu,i|2. (2)

Here ‘c’ indicates center band and ‘e’ indicates edge band in
the suffix b ǫ {c, e}. The value ofi=0 indicates the signal
from the desired base station. The set{I(b)} is the index of
base stations which cause interference inbth band.

1) Channel model:The interference term in the denom-
inator of equation 1 includes the total interference power
received from center and edge frequency bands from all the
base stations. Therefore, the total interference power inbth

band for a user is given as

PI(b) =
∑

i∈Ic

PTc
.L.d

−np

u,i .χu,i.|hu,i|2+

ρp
∑

i∈Ie

PTe
.L.d

−np

u,i .χu,i.|hu,i|2, (3)

whereIc consists of all interfering base stations transmitting
in the center band with powerPTc

. Similarly Ie consists of
all interfering base stations transmitting in edge band with
power PTe

. χu,i is the shadowing component which is log
normal distributed, ‘h’ is due to small scale fading,np is the
pathloss exponent,ρp is power ratio andL includes fixed loss.
The distance fromith base station to a user ‘u’ isdu,i as
seen form Fig. 1. From equation 3, it is assumed that the
transmission power and shadowing component is assumed to
be identical for all the base stations. The transmit power from
ith base station isPTi

. From equation 1, desired signal power
and individual interference powers are assumed to follow
lognormal distribution while evaluating SINR distribution. The
received total interference power from all the base stations
at a point is approximated as a lognormal random variable
(RV) using F-W method [15]. The channel powers from the
desired and interfered base stations are modeled as lognormal
RV having meanµsh−Raypr0

(r, θ) = ζ(µshpr0
(r, θ)−2.5) and

varianceσ2
sh−Raypri

(r, θ) = ζ2(σ2
shpri

+ 5.572) [16], where
ζ = 0.1 × ln 10 is a scaling constant. Since we consider the
Rayleigh distribution for fast fadingh, the power of fast fading
|h|2 follows Gamma distribution with unity mean.
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2) Power configuration in FFR:Let the total bandwidth
B is divided between the center and edge band in the ratio,
α. The bandwidth allotted to cell center region isBc = αB
and the amount of bandwidth allotted to cell edge region is
Be = ( 1−α

3 )B as shown in Fig.1. Let the total transmit power
from the downlink transmitting antenna bePT . We defineρpc

to be the power per Hz in center region andρpe
to be the

power per Hz in edge region. Therefore, the power ratioρp is
defined as the power spectral density of cell center region to
power spectral density of cell edge region, that is,ρp =

ρpc

ρpe
.

Therefore, in FFR we write

PT = ρpc
(αB) + ρpe

(
1− α

3
)B, (4)

the total transmit powerfor center and edge band region is
PTc

= ρpc
.(αB) and PTe

= ρpe
.( 1−α

3 )B such thatPTc
+

PTe
= PT . Using theρp, the power spectral density over the

center and edge bands is expressed as

ρpc
=

3PT ρp
1 + α(3ρp − 1)B

, and (5)

ρpe
=

3PT

1 + α(3ρp − 1)B
. (6)

Hence, by using theserelations, the total transmit power for
center band is derived as

PTc
=

3PT ρpα

1 + α(3ρp − 1)
, (7)

and total transmit powerfor edge band as

PTe
=

PT (1− α)

1 + α(3ρp − 1)
. (8)

A user is allocated toband b =‘c ’ (center band) if
γu,c(r, θ) ≥ γth, otherwise auser is allocated to band
b =‘e’(edge band), whereγu,c(r, θ) is the meanSINR of
a user at a location when in center band,γth is the SINR
threshold and is another design parameter. The effective band-
width required to guarantee delivery of a RT service with an
equivalent bit rate requirement ofRu by considering semi
persistent scheduling of RT traffic while fulfilling the QoS
requirements (delay) is as given in [11] In RT service, packet
delay is an important QoS measure of performance. Hence,
the issues related to packet delay during a call are addressed
by the Packet Scheduling- Radio Resource Allocation (PS-
RRA) unit in the base station as in [12], [17]. Let the total
number of subcarriers available beNsc. Subcarrier bandwidth
∆fsc = B

Nsc
.fs, wherefs is the oversampling factor.

The average number of carriers required to make a call as a
function of area averaged SINR to finally evaluate cell capacity
(in next section) [10] are given as

Navg,b(γ) =

Kb∑

k=1

Nk,b

∫ γk+1

γk

p(γ)dγ, (9)

wherep(γ) is the probability density function (PDF) of area
averaged SINR. The average number of subcarriers required
by the cell center and edge users to make a call is dependent
on SINR [10].

In FFR, the number of available carriers for center and edge
band users can be expressed asNsc,c = ⌈ α.B

∆fsc
⌉ andNsc,e =

⌈ 1−α
3 .B. 1

∆fsc
⌉ respectively. Thesupported number of channels

(simultaneous calls) for a given effective rate requirement,Ru

in a band ‘b’ is
Nch,b = ⌊ Nsc,b

Navg,b
⌋, (10)

Therefore thetotal number of channels is

Nch = Nch,c +Nch,e. (11)

III. B ANDWIDTH PARTITIONING : PROBABILITY BASED

METHOD OF SELECTING THE BANDS

Let Nu be the total number of users deployed in the cell.
Number of users in a band isNu,b = Nu.PAb

, wherePAb
is the

area averaged probability of selecting bandb. The probability
of a user ‘u’ at a location(r, θ), being in CB is given by

Pbc(γu,c(r, θ) > γth) =
1

2
− 1

2
erf

(γth − γu,c(r, θ)

σγ

√
2

)
, (12)

whereγu,c(r, θ) andσγ are the meanand standard deviation
of the SINR, γu,c(r, θ) is the center band user SINR at
the location(r, θ). The probability of a user to be in cell
center or edge region is found based on their SINR condition
using equation 1. Therefore, the area averaged probability of
selecting center bandPAc

is given by

PAc
=

∫

r

∫

θ

[1
2
− 1

2
erf

(γth − γu,c(r, θ)

σγ(r,θ)

√
2

)]
pu(r, θ)rdrdθ,

(13)
wherepu(r, θ)=r/(π.R2) for uniform user distribution. There-
fore, the approach to partition the bandwidth in a cell is by
finding the probability of a user to be in center or edge band.
That is, it is based on the area averaged probability of selecting
the bands. The ratio of bandwidth allotted to center band
users is equal to the probability of an user to be at that band.
So, the bandwidth ratio is defined asα = PAc

. Hence, area
averaged probability of selecting the edge band is given by
PAe

= 1− PAc
.
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Fig. 2. Probability of selecting the bands with design parameters

The probability of selecting centerand edge bands as given
by the relation 13, whenγth andρp change, can be seen from
Fig. 2. Asγth increases the probability of selecting the edge
band is high and vice versa. It means that the percentage of
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Fig. 3. Number of channels in center and edge bands with design parameters

users to be in edgeband is more. Fig. 3 shows the number
of channels in center and edge band vs.γth and ρp. It is
evaluated by using the relation 10. From our analysis, we say
that α is function of γth. As γth increasesα decreases as
shown in figure (Fig. 5 of next section). This implies that the
numerator of the relation 10 is affected byγth. This is seen
from Fig.3. Asγth increases, the number of channels in edge
band increases. This is because whenγth increases the range
of SINRγ in edge band is more. This leads to more percentage
of situations with larger number of carriers required to make
a call. This affects the denominator of relation 10. Together
it yields a region ofγth where number of channels is greater
than the reference as shown in Fig. 4. In reference scheme,
the available number of channels is 125, almost constant, at
all γth andρp. However, for FFR, it is seen that whenγth is
from -4 dB to 14 dB, the number of channels in FFR is more
(at γth = 6 dB) than that of the reuse one. In addition to this,
ρp also affects the number of channels.
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As it is considered thatthe bandwidth to be allocated is
such that the bit rate requirement is to be guaranteed to a
user as per [10], the capacity is evaluated in terms of number
of users. Therefore the objective of this work is stated as to
find the values of design parametersγth, ρp andα so that the
system capacity in terms of number of usersNu is maximized
for RT traffic. This can be expressed as

(
γ+
th, α

+, ρ+p
)
= argmaxγth,α,ρp

[Nu], (14)

TABLE I
SYSTEM PARAMETERS

Parameter Value
Cellular layout (omni) Hexagonal Grid - 19 Sites

Scenario UMi
Inter site distance 200 m
Carrier frequency 2.5 GHz

System bandwidth (B) 5 MHz
Number of Subcarriers (Nsc) 512
Number of Useful Subcarriers 300
Subcarrier bandwidth (∆fsc ) 15 KHz

Shadow Fading (χu,i) 6 dB
eNB transmit power (PT ) 41 dBm

UE Noise Figure 7 dB
Minimum UE distance from eNB 10 m

BS Antenna height 10 m
power ratios (ρp) 0.0001 to 1

Thermal Noise Level −174 dBm/Hz
Rate Used (VoIP) 12.2 Kbps

SINR Thresholds (γth) -10 to 25 dB

subject to the following constraints:

• 0 ≤ γth ≤ γmax

• 0 ≤ α ≤ 1
• 0 ≤ ρp ≤ 1

From the above,the number of users supported in a cell in
FFR based partitioning is given as

Nu = ⌊ α.B
BAc

⌋+ ⌊ (1− α)

3
.
B

BAe

⌋, (15)

whereα = PAc
and number of users incenter and edge band

is given asNu,c = ⌊ α.B
BAc

⌋ andNu,e = ⌊ (1−α)
3 . B

BAe

⌋, where

the average bandwidthrequired by a user in center band (BAc
)

and edge band (BAe
) [10].

Therefore the total number ofusers isNu = Nu,c +Nu,e.
From the analytical framework and the results above, we say
that asρp increases, the number of channels in center band
increases and number of channels in edge band decreases, and
vice versa. Whenγth is very low, the number of channels in
edge is minimum. However, proper selection ofγth and ρp
is required in order to study the behavior of RT traffic since
these values influence the capacity. Hence this gives the trade
off and optimization of traffic capacity as a function ofα, γth
andρp.

IV. A NALYTICAL RESULTS AND DISCUSSIONS

In this section, the results generated for the above bandwidth
partitioning method are described. The performance results are
provided for UMi scenario. The simulation parameters used
for performance evaluation are given in Table I. It is assumed
that the rate requirement of a user is 12.2 Kbps for VoIP
in this work. The performance is compared against the full
reuse (reference scheme). The Fig. 5 shows the relationship
amongstγth, α and ρp design parameters for FFR based
partitioning. The 3-D plot is obtained for UMi scenario. When
γth increasesα decreases. The reason being that whenγth
varies the percentage of users between center and edge band
changes as discussed in previous section. That is, whenγth
increases the probability of a user to be in edge band increases,
hence larger portion of the bandwidth is allotted to edge
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TABLE II
CAPACITY COMPARISON IN FULL REUSE ANDFFR

γth ρp α full reuse FFR
-5 dB 0.69 0.99 125 125
0 dB 0.0001 0.63 125 139
6 dB 0.66 0.43 125 173
22 dB 0.33 0.06 125 105

region and smaller portion to center band. This can be better
explained with the readings shown in Fig. 5. At γth = -5
dB, the bandwidth ratioα is equal to 0.99 which is almost
equal to 1. It means that 99% of the bandwidth is allotted
to center users as all users are switching to center region. At
these values ofγth andα, it is seen that theρp is 0.69. At
this ρp, the powers transmitted over center and edge bands is
calculated using the power formulations 7 and 8. The center
power is 40.06 dBm (10.14 Watts) and edge power is 33.89
dBm (2.36 watts). However, atγth of 22 dB, theα = 0.06.
That is, percentage of users in edge band is more which is a
reverse behaviour of the lowerγth region. Whenγth changes
from low to high values theα changes which can be seen at
different ρp. Four sets of the values of the parameters shown
in the plot are provided in Table II.
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This is the key result which gives the relationship amongst
three system design parameters based on which the network

performance depends. The number of supportable users is
shown in Fig. 6. The figure shows for differentγth, ρp and
α values. At both lower and higherγth, the number of users
supported is less. This happens at allρp. However, the capacity
is higher from the range of values from 0 to 10 dB ofγth. It
is observed that at very lowρp (0.0001), the capacity drops
at all γth. This is due to fact that whenρp is very low, the
power transmit to edge band is more, and hence may lead to
a slightly drop in capacity. But, in the FFR based partitioning
scheme, the capacity is better than reference scheme from 0 to
10 dB ofγth. From this analysis, it is observed that, atγth = 6
dB the number of users supportable is approximately equal to
173 whereρp = 0.66. This is observed atα = 0.439. However,
at lower and higherγth the capacity goes down, and the values
are indicated and can be seen from Fig. 6. The number of users
supportable in reference scheme is 125 as seen from Fig. 6.
But, at the lowest power ratios, say atρp=0.0001, there is a
sudden drop in the capacity of reference scheme. This is due
to fact that at the lowest power ratios (ρp =0), there is hardly
no transmission over the band (as reuse one is a single band
scheme), which will lead to sudden drop in capacity of reuse
one. Hence, the FFR performance is better and the gain is
improved by 38% over the reference.

From the above, we say thatρp and γth influence the
number of channels and the probability of selecting center
or edge band users in a cell in FFR based partitioning.
However, an optimum selection ofγth, α andρp is required
in order to study the behavior of RT traffic since these values
depend on the system capacity. Further, it is pertinent to
note that performance gains of the scheme will be different
if the realistic layout is considered. Therefore, the optimum
selection of the design parameters is more important while
choosing the reuse plans for deployment since they influence
the performance gains, and the choice is left to the system
designer.

V. CONCLUSION

A framework of important design parameters in FFR
OFDMA networks by considering regular grid layout for
RT traffic is presented in this paper. For RT traffic, with
proper choice of SINR thresholdγth, bandwidth ratioα and
power ratioρp parameters, the capacity of FFR is improved
significantly over the reference. From the results, it is found
that with appropriate and optimal choice of the values of
design parameters, FFR provides a notable gain in overall
cell performance over the reference. Hence, the scheme can
be used for OFDMA based cellular networks for improving
cell capacity, but with carefully chosen values of design
parameters. The objective of choosing the design parameters
is based on the system designers requirement. Moreover, it
is highly desirable to investigate the impact of the schemes
by considering the realistic cellular grid layout which is taken
up a future work item. The proposed work is flexible to be
adapted to realistic cellular grids.
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