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KEYWORDS: QUALITY OF SERVICE (QOS8)  ACTIVE MEASUREMENT INTRUSIVE MEASURE.-
MENT  CALL BLOCKING PROBABILITY  CORRLECTIVE FACTOR THRESHOLD POLICY
CHANNEL RESERVATION POLICY
VEERAYLUTH MAIHASAP ANALYSIS AND CORRECLHION OF CALL BLOCKING
PROBABILITY FROM INTRUSIVE MEASUREMENT IN MOBILE FHONE NETWORK,
ADVISOR: CHAODIT ASWAKLIL, Ph.D, 63 np

In order 1o control Quality of Scivice (QoS) in cellular newworks corresponding to biding agreement
between a service provider and glistomers Or regulatory commituient, first one 1S necessany o measure
QoS of the system. An intrisive sheasiirement 15 @ useful techmyue which does not require any intemal
information ol the measured petwork. bin feeds 1o mject the waffic inlo the measured system. [t therefore
can be done by anvone {c.g ;I:}:gulntu_r; indwiduai‘tut;gunizaliull, other service providers, eic.). Since
such added traffic might affect the rue QoS u—'a]ut:..»véhim dthesis has addressed the problem of improving
call-based QoS measurement accuraey  with the l'ﬁ'éyf}_éml call blocking probabiliny as monitored via
the miresive measurement or st drvésom-celiulbar mm#nrkn The analysis of accuracy improvement
15 performed via mathemaucal dervation for ﬂ“”@&"g.ﬂ*"“r i two cases  non-guard-channels for
handover-traffic and having guard-channels for handover-traffic with t‘h;éshuid policy. The cellular-svstem
has been modeled as continyous time Markov chains. The venfication is shown by comparing the results
from mathematcal analvsis with the simulation results o both cases. The results show that analvsis
provides good agreement with the simulation, In addinon, this thesis has considered more natural system
models. i which the inrusive trafhe 1s assuied as an on-oft ijecied traffic model with determimisue state
sojourn tme. the svsten) s guard-chunnels for handover waffic with ¢hannel-resenation policy. and users
m the system can cross the cell This thesis shaw's the study resitts of there cases ™t simulation method
Through thiese studied vaés, we Can conclude that the €drrective fagtors are equdl\to F In every studied
vase. except W the case of the channel reservanion system with guard-channels for handover traftic. where
the corrective factor 15 less than | With the denved vorrective tactors, QoS mcasurement can be accurately

measured and regulated.
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AN 1.0

Number of channels occupied by handover traffic.

Number of channels occupied by normal traffic.
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=

Number of channels occupied by handover traffic.

Number of channels occupied by normal traffic.
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Abstract—In this paper, we addressed the problem of im- make such systems become a dependable foundation for
proving call-based QoS measurement accuracy with the fo- pngoing as well as future ITS developments. To control the
cus on call blocking probability as monitored via the active = 5,5 first one needs to measure it. In this regard, one can
measurement or test drives in cellular-type networks. The ! . .
system has been modelled as continuous time Markov chains categon'ze the QoS measurement mFo passive measur.ement
with necessary assumption of Poisson traffics for both actual and active measurement [3]. A passive measurement is the
load and injected or intrusive load. With a product-form  system monitoring technique that utilises long-term statistics,
solution, a convenignt formula_ has been derived to.map.the typically using internal system log files to analyse key
value of call blocking probability as seen by the infrusive  parformance indices of the system. This technique requires
traff!c to the true valug of call block!ng probak?lllty of actu.al Atk d K led fsi i d the dat llecti
traffic in the non-intrusive system. With the derived corrective ackground knowledge o S|gna Ing an € data collec _|on
factor, Q0S measurement can be accurately measured and from all relevant network units. In contrast to the passive
regulated. Consequently, the cellular-type networks so widely measurement, an active measurement does not require any
used for wide-area, mobile communication platforms of ITS “internal information of the measured network. Moreover,
can be better engineered and hopefully become a dependable ity the active measurement technique, network engineers
foundation for ongoing as well as future ITS developments. o ,

can perform self-monitoring of one’s own system as well
as the other provider's systems by injecting the generated
traffic into the measured system. For this reason, the active

Recently, Intelligent Transportation Systems (ITS) haveneasurement is also referred to as “intrusive measurement”.
been deployed in several metropolitan areas, such as Newin conventional practices of active measurement, the sys-
York City, London, Tokyo and Bangkok, for providing tem performance is estimated by the measured QoS as
roadway information, reporting traveling time and avoid-perceived by the injected traffic only. The challenge is how
ing traffic congestion. Important ITS functions, includingthe results can be interpreted. There have been many works
Variable Message Signs (VMS), Highway Advisory Radiopn accuracy of active measurement e.g., [3], [4], [5], [6],
CCTV and automatic vehicle detections, together providg?]. These previous works focus on the packet measurement
comprehensive transport information for traffic congestiofrom end-to-end paths, [3], [4] and [5] in the core network,
analysis [1]. The road-traffic information between vehicleand [6] in multicast-based infrastructure, while [7] attempts
and ITS road-side equipments or the informed messaggs minimize probing overhead from active measurement in
which are sent to motorists from an ITS information centetP telephony by adjusting the placement of measurement
are nowadays facilitated by wireless network technologieslevices. However, relatively few have proposed an in-depth
e.g. Wi-Fi, mobile ad hoc network and cellular-type netmathematical model that could enlighten the system prop-
works. Due to wide coverage area and mobility support adrties of the performance estimation in active measurement.
cellular-type networks, most of those information are directlyn particular, the work in [3] has attempted to estimate the
reported in data messages and calls [2]. Growing popularityiean delay by combining the passive and active monitoring
of ITS applications. may therefore result.in the increase okhile [5] has presented a mathematical analysis to estimate
both data and call traffics. And hence, the perceived qualitnean delay in packet queue. These mathematical approaches
of service (QoS) may be affected. nevertheless are not applicable in the active measurement at

In order to promote mutual benefits between ITS anthe time scale of call dynamics, which is of our interest.
cellular-type networks, the level of QoS in the cellular- This paper focuses on the problem of the system perfor-
type networks must be maintained. Therefore, cellular-typmance in the call level, as a complement to previous packet-
network providers need to pay attention to their networkevel analyses. The analysis at this call level is in fact highly
QoS, e.g. jitter, delay, Perceptual Evaluation of Speedtritical because of the very scarce resources via wireless
Quality (PESQ), call dropping probability and call blockingchannels. Further, the impact of an injected test call traffic to
probability. Any attempts to provoke a good level of QoS fothe overall system state is marginally higher than an injected
these cellular-type systems, so widely used for wide-aretgst packet. For this reason, it is most likely that the measured
mobile communication platforms of ITS, can undeniablyQoS parameter from the test call traffic would deviate much

. INTRODUCTION
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from the actual value that one wants to estimate. And withol P
. . . Caollular System {

proper interpretation, one may get the wrong perception « }
system QoS. In fact, as to be shown in this paper, tr
measurable QoS provides only the underestimation of tt
actual value, contrasting to the belief that the injected traffi
could cause an overestimation. Therefore, the objective
this work is to find an analytical approach to correct sucl
errors. In particular, based on a standard system assumpt
with a product-form solution, we herein derive a formule
that can be used to map from the value perceived by tt
test traffic to the actual value as normally experienced in tt
system without the test traffic. All analysis is aimed at the
estimation of call blocking probability, i.e., in the time scale
of call dynamics.

The rest of this paper is organized as follows. Section
Il presents the active measurement methodology. Then, the Fig. 1. Drive-test architecture in cellular system
mathematical analysis is proposed in Section Ill. The nu-
merical results are shown to verify the accuracy of th
active measurement in Section IV. In Section V, the paper

005 HOOESSINg Serve

fhe model of normal cellular system, and Fig. 3 illustrates
the model of active measurement.

concluded.
‘ "
[I. ACTIVE MEASUREMENTMETHODOLOGY ;i blocking probability
of actual traffic

In this paper, we focus on the call-level active measure-
ment which is practically used in cellular system and referred
to asdrive test A drive-test is carried out by driving a car ~ #Actual offered traffic e .

—————— — = Callular System Capacity

equipped with the measurement devices including Global
Positioning System (GPS) to identify the testing location as
shown in Fig. 1. The measurement device generates traffic
into the cellular system by making a call via the cellular Fig. 2. Cellular system without intrusive measurement.
network to the dedicated port in Public Switching Telephone
Network (PSTN). Then, the processing server equipped with

the telephone line accepts the call and processes the systel *.Call blocking probability

QoS of the generated traffic such as call blocking probability, of actual trafiic

delay, delay variation, PESQ, call dropping and call setup ' -

time. An Active measurement is often used to test the “caloffered traffic |

network QoS in the locations with low signal strength or Cellular System Capacity
low network performance. Risive-clieied “*f“t_l

However, the direct interpretation of results from the active
measurement may be incorrect because of two reasons. Firs
obtained QoS is only intrusive traffic monitoring, which is
generated by measurement devices. Second, intrusive traffic
increases the overall offered traffic to be-higher than usual Fig. 3. Cellular system with intrusive measurement.
and hence the overall QoS level may be shifted. In this paper,

a mathematical analysis is proposed to correct the measurablén Figs. 2 and 3, the proposed analysis assumes the
QoS to be the actual values without intrusive measurememnowledge of only the parameters including intrusive offered
. PROPOSED MATHEMATICAL ANALYSIS traffic.and. call blocking. probability of intrusive traffic. All
) the other parameters are treated as unknown, namely, actual
A. System Analysis offered traffic, call blocking probability of actual traffic and

As an early investigation, in this paper, let us model théhe system capacity. Such assumption is very minimal and
cellular system without a channel reservation and customsrakes the analysis applicable to the drive test of not only
retrials. Without channel reservation to give higher priorityone’s own system, but also any other systems of which
to hand-off calls, both new and hand-off call arrivals mayknowledge is limited. From Figs. 2 and 3, the aim of
be considered as a single stream of calls. An arriving call snalysis can be stated as how to map from the call blocking
blocked only when the system capacity is fully occupied, i.eprobability of intrusive traffic in Fig. 3 to the call blocking
all the channels have been seized when the call arrives. Apdobability of actual traffic in Fig. 2, given the same value
once blocked, the call is immediately lost, i.e., no bufferingettings of actual offered traffic and system capacity in both
effect due to call retrial or redial behaviors. Fig. 2 representigures.

Call blocking probablity

P al intrusive traflic
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B. Mathematical Formulation Aa Poisson arrival rate of actual traffic.
Y Poisson arrival rate of intrusive traffic.
1/pa mean holding time of actual traffic.
1/ mean holding time of intrusive traffic.

First, consider the state diagrams of non-intrusive and p, = )\,/u.actual offered traffic (Erlangs).
intrusive systems under the assumption of one measuremenp,; = )\, /u; intrusive offered traffic (Erlangs).

device. The device generates traffic as an ON/OFF Poissony maximum number of channels occupied
source with exponentially distributed holding time. The state by actual traffic.

diagrams of the non-intrusive system is shown in Fig. 4, and M maximum number of channels occupied
the intrusive system is shown in Fig. 5, where necessary by intrusive traffic (here\/ is set to 1
traffic conditions have been assumed to construct the system due to only one test drive unit).

state model as continuous time Markov chains (CTMCs). 7 (n) steady state probability of having busy
Throughout analysis, the follow notations are adopted: channels for the non-intrusive model.

w(m,n)  steady state probability of having busy
channels of actual traffic and busy channels
of intrusive traffic for the intrusive model.

As we can easily seen in Fig. 4(N) is the call blocking

£ ( ;w; \ probability of an actual traffic in non-intrusive system. and
i; A o ,;-u hence thetrue value that we want to estimate in the active
E o F measurement via the intrusive system. From the Erlang loss
= { i1 formula [8],

5 4

g A o

3 ! - F NS

3 T(N) = 5. )

@ 4 A L

2 | A —2 Z o

g | fwn ] =

5 A A

ki h tar p From (1), bothp, and N are assumed unknown to the drive
§ { o | tester. In Fig. 5, note importantly that only one channel can
= | mo T be occupied by the intrusive traffic. And since we assume

— that there is only one measurement device to generate the
intrusive traffic, there is no further call arrival from the

Number of channels oocupied by intrusive traffic, measurement device when the system statél v — 1).
_ _ o Consequently, the obtained call blocking probability of in-
Fig. 4. State diagram of non-intrusive model. trusive traffic in Fig. 5 becomes (0, N), while the call
blocking probability of actual traffic in Fig. 5 is increased to
m(0,N) + w(1, N — 1). For this measurable call blocking
probability 7(0,V), solving the local balance equations
straightforwardly for the CTMC of Fig. 5 gives
i N
o Ll = NT
& Jwom) ) (0. N) =5 o N_L
g | AN > G tps 2
E 5l A t=0 k=0
= - Nl
o [ wonn | e | . ..
B }‘ P ) LI One now wants to relate(N) and (0, N) by first writing
: A (N1 LI R Ul
E’ .'I . e & ! = [ .
1, %% N\l 5 P
w P J N s = - =
E A fid 1|?'L'I""- —h 1) 2ru O X Pl RES ok N el - @
= — 1 [ e | t=0 k=0 t=0
5 ha Ha ha b
lzg (5001 L —A— .;:_‘-{ 100} Substitutingry from (1) into (2), one can obtain
e ;
= N
. > G
Mumber of channets occupied by intrusive traffic. m(0,N) = 7n(N) t=0 . 3)

. . . . Z Pa + pi Z Pa
Fig. 5. State diagram of measurement system with one measurement unit. t! v = k!
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Fig. 6. Numerical result when system capacity is 8 channels and intrusiV@g. 7. Error characteristic of the active measurement without the corrective

offered traffic is 0.5 Erlangs with the corrective factor. factor.
iiﬂ'%—fﬁ IV. NUMERICAL RESULT
t! K k!
Consider the term=>—— tk:“ in (3). Numerical analysis in this section is used to exemplify
> % the previous mathematical analysis. MATLAB programs has
1=0

been constructed for two models: the model in Fig. 2 which
represents a single class system, and the model in Fig.
+ 3 which represents a two dimensional system. The total
< = s ' channel capacity of the two models is set to be 8 channels.
3 Po ‘;—g The obtained results of call blocking probability (CBP) are
t=0 =50 shown in Figs. 6 and 7.
Figs. 6 and 7 confirm our mathematical analysis in the
) g/ following important points. Firstly, for intrusive model of call
Pi + pipa + pi% + ...+ piﬁ blocking probability measurement, with one measurement
o device as typically done in practice, the call blocking proba-
il bility as seen by the injected (intrusive) traffinderestimates
the true value of call blocking probability despite the increase
of overall offered load due to injected traffic. Secondly,
JZV: Pl ¥ p; % Pl _p'ﬁ Fig. 7 depicts that such errors are significant especially
P = with moderate to heavy loading conditions. And finally, the
nt derived formula for corrective factor can be used accurately
2 Gt to map from the obtained call blocking probability value
of active measurement to the true value of call blocking
— 1+ pi — pem(N) @) p.robability bgfgre the intrusiye traffic has been injgcted. Ar)d
Ly \ since only minimal assumptions have been used in obtaining
Then, substituting (4) into (3) yields this corrective formula, one may expect such analysis to be
a useful tool in practice

n

(N
(0., = ﬁ[;(;_p);rm V. CONCLUSIONS
In this paper, we addressed the problem of improving call-
based QoS measurement accuracy with the focus on call
blocking probability as monitored via the active measurement
m(N) = ( pi +1 ) (0, V). ) or test drives in cellular-type networks. At this early stage of
1+ 7(0,N)p; ’ investigations, the system has been modelled as continuous

Hence,

time Markov chains with necessary assumption of Poisson
Finally, we can defins{#ﬁ{,)pi) as the wanted corrective traffics for both actual load and injected or intrusive load.
factor, which is greater than one for all possible casalith a product-form solution, a convenient formula has been
Therefore, it can also be concluded that the measurable cd#rived to map the value of call blocking probability as seen
blocking probability from drive-test isinderestimated by the intrusive traffic to the true value of call blocking



probability of actual traffic in the non-intrusive system.
With the derived corrective factor, conventional interpretation
of active measurement would surprisingly result in only
lower boundwhich underestimates the true value of call
blocking probability in the system, which renders its value
inapplicable to many important engineering practices such as
for system dimensioning or benchmarking. To complete our
investigations on active measurement issues, we currently
investigate the effect of assumptions used in the current
analysis, namely, the channel reservation as well as the call
hand-off or retrial models and future worthy results will be
presented in forthcoming papers.
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