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ABSTRACT

A feasible solution to wir eless spectrum scar city isthe deployment of femtocellsalong with already

existing or new macrocells. Thishybrid ar chitecturenot only helpstoincreasethe system capacity but

alsoimprovesthewirelesssignal quality for indoor users. M oreover, thesefemtocellscan offer higher

dataratestoindoor users. In thispaper, we analyzethe performance of a finite capacity femtocell

network. Thetransmission of datafrom M communicating nodesto a FAP (Femtocell AccessPaint) is

modelled asM/M/1/K queue. Theaccesspoint in thiscase can hold amaximum of K-1 packetsin its

buffer, hencethesystem representsafinitecapacity network. The performanceof thesystem isevaluated
interm of QoS (Quality of Service) parameter ssuch aspacket blocking probability, aver agepacket delay

and utilization for different buffer sizes. Theresultsreveal that with an increasein buffer size, the

packet blocking probability decreaseshowever at thecost of increased averagedelay.
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1 INTRODUCTION

ecent advance in the field of wireless

communication has resulted in an increased

capacity demand [1]. Nowadays, alarge number
of users prefer to have data services on move and thuslike
to have seamless wireless connectivity on their devices.
Research statistics show that approximately 50% of calls
and 70% of dataservicesare carried out by indoor usersin
current cellular networks[2-3]. However, theseindoor users
face severe problem of bad signal quality while making
phone calls or accessing internet. The signa quality for
indoor users can be improved by deploying femtocells
along with macrocell. This kind of hybrid architecture
increases reliability, enables continuous connectivity, and
also resultsin energy efficiency of the system[4].

Buffer, Femtocell, Queuing, Quality of Service.

In our previous paper [4], we evaluated the performance
of afemtocell network using an M/M/1 queue. To Simplify
the analysis, we considered an infinite capacity system
whichinturn provided an approximate result. But practical
systems such as FAPs can hold a finite number of data
packets and thus can cause blocking [5]. Hence an
M/M/L/K queue is more suitable model for this system.
For thispurpose, in this paper we eval uate the performance
of afinite capacity femtocel| network using M/M/1/K queue
in terms of packet blocking probability, average packet
delay and utilization.

Following theintroduction paper isorganized asfollows.
Related work isdiscussed in Section 2. Section 3 describes
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the studied scenario. Analytical model of the femtocell
network is presented in Section 4. The performance
evaluation is carried out in Section 5. Finally paper
concludesin Section 6.

2. RELATEDWORK

Queuing theory isauseful analytical tool to model awide
range of problems and scenarios in communication
networks|[6]. Traditionally, queuing theory based models
have extensively been used in predicting the QoS of access
networks [7]. In previous studies, queuing models were
used to evaluate QoS parameters such as packet blocking
probability, average packet delay and throughput [8]. In
[9], ageneric model based on [8] was proposed to optimize
the buffer sizewith respect to the throughput. Theauthors
in [10] have proposed a methodology for radio link level
performance analysisinamultirate OFDMA (Orthogonal
Frequency Division Multiple Access) network with
adaptivefair rate allocation, where aqueuing theory based
model was devel oped to analyze the system performance
in terms of packet dropping probability and packet
transmission delay.

The provisioning of higher dataratesto theend usersina
seamless fashion has encouraged service providers to
explorenew networking paradigmsincluding femtocel | [ 11].
A femtocell iscomprised of an FAPand asmall number of
stationary and low mobility users. Femtocellsarelow cost
and low power small cellsdeployed to provide short range
communication in indoor environments [12]. In [13], a
multi-objective and optimal handover solution for LTE
systems, consisting of femtocells, has been proposed. In
this work, a queuing model with 3-D Markov chain was
developed to represent the efficiency of the system. The
results reveal that the proposed scheme performs better
than existing schemes in terms of session blocking and
queuing delay. In [4], the performance of a femtocell
network was evaluated in terms of energy efficiency,
utilization and delay. In this work an infinite buffer size
was taken into account.

3. STUDIED SCENARIO

A cellular network comprised of amacrocell and femtocells
isshowninFig. 1[4]. Here, we analyzethe performance of
a femtocell network with M communicating nodes. All
communicating nodes transmit their packets to a FAP.
Hencethis scenario represents a packet switched network.
Further, to enable a seamless communication, thisFAPis
connected to a macrocell base station using backhaul
connection. Inthis paper, we evaluate the performancefor
uplink transmission (from communicating nodes to the
access point) only.

4, ANALYTICAL MODELLING

In scenario considered, each communicating node in
femtocell network generates packetswithameanrate A .
The complete packet arrival process of M communicating
nodes becomes a multiple Poisson process with mean
arrival rate A=M 4 . The packets arereceived at theinput of
access point and stored in its buffer (which can hold a
maximum of K-1 packets). If the buffer isfull then packetis
blocked [14]. To enable an end to end continuous
communication, received packets are transmitted to the
main base station using backhaul channel. This backhaul
channel represents a server which serves arrived packets
with amean servicerate of pinaFIFO (First-In-First-Out)
pattern. A real packet length from[15] isconsidered inthis
paper. Further the packet length follows an Exponential
distribution. Hence, the service time of the server (the
backhaul with aconstant datarate R ) hasan Exponential
distribution. Thiscomplete scenario of femtocell network
becomes an M/M/1/K queue. Fig. 2 shows the state
transition diagram of thisnetwork using abirth-death model
[5-14]. Thereareatotal of K statesas system can handlea
maximum of K packets. Each state describes the number
of packet in the system.

For 0 < n< K, theequilibrium probability for this system
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where n represents the number of packets in the system
and p=A/uisthetrafficintensity. For thissystem the steady
state solution always exists and system is stable even for
p>1. Further, if the arrival rateis greater than the service
rate, the number of packets in the system will increase
however the total number will be limited due to finite

capacity (buffer size).

Thearriving packet is blocked (lost) if the system isfull.
Hence, the packet blocking (loss) probability is:

Macrocell
Basestation
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The mean number of packetsin the systemis:
L=YF, np, (€)

The effective arrival rate (1') of the packets actually
entering the systemiis:
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FIG 1. A CELLULAR NETWORK COMPRISED OF A MACROCELL AND FEMTOCELLS [4]
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FIG. 2. STATE TRANSITION DIAGRAM OF M/M/1/K SYSTEM [5]
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2= 2(1-p) = A(1py) @

Effectivearriva rate(1") issmadler thantota arrival rate (1)
asit does not account for blocked packets. Moreover, the
state transition diagram is with respect to the total arrival
rate.

The average packet delay is the delay which a packet
experiencesin the system and is given by:

Lt
A /1(1_ pB) ®

The system utilization is defined as the probability that
the server is busy and is given as.

U= 1-p,= p(1-p,) C)
where p, isthe probability that the system is empty.

5. PERFORMANCE EVALUATION

In this section, performance analysis of this femtocell

network is carried out in terms of QoS parameters such
as packet blocking probability, average packet delay, and
system utilization. The packet length distribution follows
an Exponential distribution with an average packet length
of 867.4 bytes. Thismean value of packet length istaken
from real measurements[15]. A communication nodeina
femtocell generates data with a data rate of 320 kbps.
Thusthe mean arrival rate of data packetsfrom asource
node is 46.11 packets per second [16]. The M

communicating nodestransfer their datato the FAPwhich
eventually forwards this combined data to a central

coordinating entity at a rate of 6 Mbps. Thus the mean
servicerate of the server is864.65 packets per second. In
this paper, we keep mean service rate of AP constant
where as the combined arrival rate of data depends on
the number of communicating nodes. Hence thevalue p

depends on the mean arrival rate. As this system is a

finite capacity system (system can hold amaximum of K
packets) the value of p can be greater than 1 without
making system unstable. Here we consider three different
buffer sizes (i.e. 9, 29, and 49) and see their impact on

performance analysis.

Fig. 3illustratesthe packet blocking probability of the
system with varying buffer sizes as function of traffic
intensity. From figure it can be noticed that the
blocking increaseswith increasein thearrival rate (i.e.
traffic intensity) as system can hold K packets at
maximum. In case of buffer size of 9 (including server
system capacity is 10 packets), the packet blocking
probability is very low with traffic intensity values
less than 0.6. However, it starts increasing with
increase in traffic intensity. At p=1, the blocking
becomes approximately equal to 0.1 which means that
the 10% of the arrived packets are blocked because
systemisfull. The number of blocked packets becomes
more than 35% with traffic intensity equal to 1.6. With
buffer sizes of 29 and 49 (or system capacities of 30
and 50 packets) the average packet blocking is very
low for traffic intensity values less than 0.8. At this
point the blocking with system capacity of 10 packets
was high compared to other two cases. The difference
in blocking valuesfor all three cases starts decreasing
with higher values of traffic intensity. Thisis because
the incoming packets see system full irrespective of

buffer size for higher traffic intensity.

Fig. 4 showsthe system performance in terms of average
packet delay in milliseconds (ms). This QoS parameter is
also evaluated for three cases (i.e. system capacities of 10,
30, 50 packets). This average delay of a packet is
superposition of two delays. First delay is the waiting
time of a packet in queue where as second delay is the

service time required for that packet. With data rate
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considered, apacket can be served with an average service
timeof 1.1 ms. Hencethemajor contributor of thedelay in
this case is the system capacity which causes waiting
delay. Resultsin Fig. 4 reved that the average packet delay
in all three casesisvery low with traffic intensity values
lessthan 0.2. It startsincreasing with increasein the arrival
rate of data packetsfrom M communicating nodes. In case
of buffer size of 9 the average packet delay becomes 10 ms
for traffic intensity value of 1.6. In this case the delay is
small compared to the other two cases, however, it is
achieved at acost of higher blocking (Fig. 3). Thedelay in
case of system capacity of 50 is higher as compared to
other two cases. This is because the system can hold
more packets compared to other two caseswhich in turn
causes more average packet delay for higher values of
trafficintensity. The average packet delay with buffer sizes
29 and 49 becomes unacceptabl e in some communication

scenarios.
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It can be noticed from Equation (6) that the utilization of
the server is directly propotional to the traffic intensity,
however it is effected by the system capicity. It increases
with an increasein traffic intensity. The utilization of the
systemisshownin Fig. 5. The utilization of the systemis
low when small amount of data is generated by
communicating nodes. At theseinstances, the blocking is
almost zero as service rate is significantly greater than
packet arrival rates. Theutilizationinall three casesremains
aproximately samefor traffic intensity values smaller than
0.7. A high utilization meansthat server isbusy in serving
incoming data. High utilization is achieved with higher
arrival rate, however with greater delay and blocking. The
difference between utlizations of three cases becomes
evident after p=0.8. If the service rate is significantely
higher compared to thearrival rate of packetsthen system

becomes empty soon which results in under-utilized
system. The utilization value saturatesto 1 with increase
intrafficintensity.

Traffic Intensity (rho)
FIG 3. PACKET BLOCKING PROBABILITY
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FIG 4. AVERAGE PACKET DELAY
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FIG. 5. UTILIZATION
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6. CONCLUSION

Inthis paper, we have considered afinite capacity femtocell
network consisting of M communicating nodes. The
network has been modelled using M/M/1/K queuing
model. By considering realistic packet length, the
performance of the system has been evaluated in terms of
average packet delay, packet blocking probability and
utilization. Different system capacities (buffer sizes) have
been considered while evaluating the performance. The
results show that these QoS parameters are function of
both traffic intensity and buffer sizes. The packet blocking
probability increases with increase in traffic intensity.
Further the system with higher buffer size hasless packet
blocking probability. However, an increase in buffer size
causesmore average systemdelay. Theresultsalsorevea
that the utilizationislow for small arrival rate. It reachesto
1 with higher traffic intensity which indicatesthat system
isfull and server is busy.
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