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Abstract
A Quality of service (QoS)-aware signal to interference and noise
ratio (SINR)-based blocking probability model is simulated in
this paper to evaluate the performance of networks with third
generation (3G) interface. To arrive at a suitable model, we set a

relatively low SINR threshold value (SINRy, ), which results in

the admission of more users into the system. But this in turn
yields an increased blocking probability and reduces the spectral
efficiency. In this paper, we employ an empirical modeling
approach, by measuring the occurrence of call blocking under
ideal conditions, within a specific time period, from an
established cellular network. The observed data parameters are
used as model predictors during the simulation phase. Simulation
results reveal that increased system capacity degrades the
performance of the network due to call blocking which the
system is most likely to experience, but the rate of blocking could
be minimized by properly guarding the SINR threshold levels.
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1. Introduction

Third generation radio communication systems are
designed to offer multimedia services, including voice
and video telephony and high speed internet access. In the
universal mobile telecommunication system (UMTS), the
radio air interface is based on the wide band code division
multiple access (WCDMA) technology. Universal mobile
telecommunication system (UMTS) WCDMA is a direct
sequence CDMA system (DS-CDMA). WCDMA has two
basic modes of operation: frequency division duplex
(FDD) and time division duplex (TDD). In the FDD mode,
the uplink and downlink transmissions use different
frequency bands while for TDD mode, the uplink and
downlink transmissions can be implemented on unpaired
bands, but separated by a squared period. In this paper, a
DS-CDMA FDD [1-3] is considered.
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The measurement of resource capacity in a spread
spectrum system is distinct from that of convectional time
division multiple access (TDMA) or frequency division
multiple access (FDMA) systems. In conventional TDMA
and FDMA systems such as 1S-54 TDMA and GSM
(hybrid TDMA/FDMA), the number of traffic channels is
fixed. This is determined by the number of time slots in
the TDMA system or by the number of non-overlapping
frequencies in the FDMA system. The spread spectrum
such as WCDMA, does not have a fixed number of
channels. Instead, the capacity of a CDMA system is
limited by the total interference. Normally the interference
level increase rapidly when the system load reaches a
certain level. Users with different traffic profiles and
attributes such as the service rate, the signal-to-
interference and noise ratio (SINR) requirement, etc.,
introduce different amounts of interference into the
system. It is therefore essential to exercise some kind of
control to meet an acceptable SINR for all users. Hence,
maximizing the system capacity by minimizing the
blocking probability (i.e., the probability that a call will be
dropped due to inadequate SINR level) is the main focus
of this paper.

2. Research Background

UTMS technology-based third Generation (3G) wireless
networks have either been or are currently being installed
in many countries, with the aim of improving upon past
technologies and fulfilling users’ requirements. In
developing countries for instance, many
telecommunication companies such as the Mobile
Telecommunication Network (MTN), Global
Communications Limited (GLO), Airtel Nigeria Limited,
Visafone, Starcomms, Etisalat, etc, are now operating
fully, the 3G-based CDMA IX-EV-DO services. Despite
the good number of communication companies operating
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the 3G technologies and services, subscribers’ satisfaction
and quality service delivery in some countries is far below
expectation. There has been series of complaints arising
from frequent power outages, call conversation echoes,
drop calls, blocked calls, among others, from mobile
subscribers. Some users even resort to the option of
subscribing to more than one service provider, just to
maintain seamless connectivity, thereby losing a fortune to
network operators.

Mobile systems require broadband capabilities for
effective power control to optimize their spectral
efficiency. The power control inherent in CDMA-based
networks and mobiles for instance, ensure that each
mobile always transmits just enough power to provide
acceptable call quality. On the reverse link, CDMA base
stations constantly measures the error rate performance
from each mobile transmitting a signal, and depending on
whether the error rate is above or below an adequate
performance level, the power control circuit makes
adjustments to the signal-to-interference and noise ratio
(SINR). A base station function measures the actual SINR
and makes comparison with the target. Should the actual
ratio be too high or too low, an “up power” or “down
power” command is sent to the mobile, which responds by
increasing or decreasing its power in steps of 1dB. These
occur at approximately 1,000 times per second at each
base station and for each operating mobile. In order to gain
more network capacity and improve the network
performance there is need for modern techniques such as
interference canceling, use of femtocells and picocells and
traffic offloading.

A lower bound of SINR that minimizes the outage
probability in the reverse link of a single-class CDMA
system, is derived in [4]. However, the derived SINR
threshold is obtained by assuming that the number of
active users per cell is modelled by the Poisson
distribution. This assumption is not entirely accurate since
the admitted traffic rate is not constant due to its
dependence on the number of existing users in the system.
This paper considers call blocking and improves on the

accuracy of the SINR threshold (SINR,,) by computing
the probability of the number of users using a Markov

chain model instead of the inaccurate Poisson distribution
in [5].

Our research methodology involves a study of weekly
statistics of cell blocking probabilities measured over a
period of two weeks (October-December, 2009) from the
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Airtel Communications Limited, a cellular network
operating in Nigeria. The expected value of the observed
data is then used to formulate an analytical blocking
probability model, which will assist in the network
performance analysis. Knowledge of the blocking
probability behaviour and other network parameters (e.g.,
traffic load, call arrival rate, among others) would help
network operators to optimize system’s performance and
improve on the quality of service provisioning.

3. System Model

In SINR-based blocking probability schemes, the SINR of
the reverse link is evaluated with a predefined threshold

value SINRy,. The incoming call is admitted only if the

reverse link SINR exceeds this threshold value (SINRm).
To achieve a lower bound that keeps the blocking
probability below a maximum value ((PBfmaX), a

relationship between the blocking probability (Pg) and the
SINR threshold (SINRy,), must be established. This value
can be expressed as:

P, =3 Py P(N) (1)

where
Pyn =P(SINR<SINR;, [N) is the
probability given that the number of active users per
cellisN
P(N) s the probability that there are N active users
per cell.

blocking

Given the imperfect power control nature of networks,
especially in developing countries, the SINR can be
represented as a log-normally-distributed random variable
[6-7]:

zl_Q[S'NRﬂ?n—rSj @

(o2

where
0 and o are the mean and standard deviation of

SINR®, respectively
Q is the cumulative normally-distributed function
defined as [8]:

Q== J'e” ®

From [9], O is given as:
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SINRSE N<N,, 4)

o= 1
101 N >N
leO[(Nfl)(l+f)+(n0W|S)] 7 Nonex
where

1, is the noise power spectral density

S is the target balanced received power level

W is the spreading bandwidth

f is the ratio of the inter-cell interference to the intra-
cell interference.

In this paper, o is assumed to be a constant and depends
only on the delay and PC errors. It is obvious from

equations (1) — (3) that PB|N does not depend on N as

long as PC is feasible. When PC becomes infeasible, PBIN

increases monotonically with N. For this reason, we model
N using a Poisson distribution. So, P(N) in equation (1),

can be expressed as:
N

P(N)= % exp(—a) (®)

where & represents the mean value of the admitted traffic
intensity in Erlang per cell and is expressed as:
a=n(1-P,) (6)

Substituting equation (2) into equation (6) and merging
the resulting equation into equation (5) results in;

P(N)= Wwexp[_ AQ[%D (10)

N!

Expressing Pg as a function of SINRy, by substituting
equations (2) and (10) into equation (1), gives:

%zi[biéNﬁrﬂDJ%q$Nf_eDEHGN{QNﬁ—pD(lD

o N! (e

Equation (11) represents our blocking probability model
and is simulated and discussed in the next section.

4. Simulation Input and Statistical Analysis of
Data

Data were collected from GLO Nigeria and is summarized
in Table 1. The data represents an average of the call
blocking probabilities experienced by the network in two
weeks. Given the increasing number of users in the system
which has resulted in the sudden expansion of the
network, we establish a 95% confidence interval to predict

the system. This interval is obtained as 0.068 + 0.0088
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and guarantees the prediction of new empirical results of
the system.

Table 1. Statistics of average blocking probability in GLO Nigeria

network
Day 1 Day 2 Day 3 Day 4 Day 5
0.065 0.055 0.056 0.063 0.056
Day 6 Day 7 Day 8 Day 9 Day 10
0.060 0.069 0.085 0.098 0.081
Day 11 Day 12 Day 13 Day 14
0.088 0.075 0.049 0.050

The parameters used during the simulation are given in
[9], but in this paper, we study further the effect of an
SINR threshold extension on the system. We examine two
cases: a reduction in the average traffic intensity and an
extension of the SINR upper threshold value.

5. Discussion of Results

In Figure 1, as the SINR threshold is increased, the
blocking probability drops contradicting our earlier
observation in [9]. The reason for the reverse in
performance is the reduction in the number of users per
cell causing a corresponding decrease in the average
traffic intensity. This action has been observed to improve
the performance of the system. In Figures 2 and 3, as the
SINRYy, is increased, the rate of call blocking decreases.

In Figure 4, we attempt to raise the SINR threshold by a
factor of -5dB. We observed that the system experienced
more blocking, even when the number of users per cell
was drastically reduced. The same trend is observed in
Figures 5 and 6. It is therefore important that network
operators guard their SINR limits and ensure that a
suitable threshold is set to deliver the expected quality of
service on densely populated networks.
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Graph of Blocking Probability vs. Number of active users per cell 4. Conclusions

probability (Pg) on varying parameters such as average
arriving traffic intensity (A), number of active users per
cell (N), and mean of SINR® (p). Precisely, we dealt on
the SINR threshold and examined its effect on reduced
traffic intensity and number of users. We observed that
apart from the fact that a constant standard deviation of
SINR®( o) significantly affects the network performance
[9], it is also important to maintain a well defined SINR
threshold to avert poor network performance.

0.6 T T T T T T T T
S T R R R V= A blocking probability model has been proposed for 3G
o e Rt related network systems. Also, a model was derived and
e R Rl EEE Rt N, simulated enable us study the effect of the blocking

Blocking probahility
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