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Abstract

GSM standard mobile telecommunication networks are analyzed, their simplified physical model
and vector models of these networks are developed based on it. Analytical models of these networks and
methods for calculating probability-time characteristics is proposed based on the M/M/1 type single-
channel mass service system, which includes Poisson flow, exponential service time and unlimited queue.
Numerical values of the probability-time characteristics such as the probability of the length of the queue
in the system, the average number of requests and its average stay time in the system, the average waiting
time of all requests in the queue, as well as the fully normalized average value of the stay time of requests
in the system are calculated and analyzed through the conducted experiments.
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GSM standarth mobil telekommunikasiya sobokalorinin ehtimal-
zaman xarakteristikalarmin todqiqi
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Xiilasa
GSM standartli mobil telekommunikasiya sobakalorinin analizi aparilmig, onlarin sadslogdirilmis

fiziki modeli vo onun osasinda bu sobokalorin vektor modellori islonmisdir. Oziindo Puasson axinin,

ekponensial xidmat vaxtini vo geyri mohdud névbani ehtiva edon M/M/1 noév bir kanalli kiitlavi xidmat

sistemi osasinda bu sobokolorin analitik modellori vo ehtimal-zaman xarakteristikalarinin hesablanmasi

metodlar1 toklif olunmusdur. Aparilalan hesabi eksperimentlor vasitasilo sistemds ndvbanin uzunlug

ehtimali, sorgularin orta say1 vo onun sistemds orta qalma vaxti, biitiin sorgularin névbadaki orta gozlomo

vaxti, elaca do sorgularin sistemds qalma vaxtinin tam normalasdirilmis orta giymati Kimi ehtimal-zaman

xarakteristikalarinin ododi qiymotlori hesablanmis vo onlarin analizi aparilmisdir.

Acar sozlor: GSM standartli mobil telekommunikasiya sobokslori,baza stansiya alt sistemi, kommutasiya
alt sistemi, mobil stansiya alt sistemi,idaro etma sistemi,istismar-texniki xidmat morkazi,
vektor modeli.
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AHHOTAIUSA

B 370l craThe mpoaHaNM3UPOBaHBI CETH MOOWMIBHOW CBsi3u cranzapra GSM, Ha HX OCHOBe
IMOCTPOCHBI WX YINPOIICHHAs (u3ndeckas MOJEIb W BEKTOPHbIE MOJAEIH 3THX cered. I[lpemnoxeHbl
AHAIUTUYECKUE MOJEIU 3THUX CeTel M METOAbl pacueTa BEPOSTHOCTHO-BPEMEHHBIX XapaKTEPUCTHK Ha
OCHOBE OJHOKAaHAJIBHONH CHCTEMBI MaccoBOoro oOciyxuBaHus Ttuna M/M/1, Brovaromei
ITyacCOHOBCKHI TOTOK, 3KCIOHEHIIMAILHOE BpeMs OOCIY)XKMBAaHUS W HEOTPAHUYCHHYIO OdYepelb.
UucneHHbIE 3HAYCHUS BEPOSTHOCTHO-BPEMEHHBIX XapaKTePUCTHK, TAaKMX KaK BEPOSITHOCTH JTMHBI
OKUJIAHHSB CUCTEME, CpPEllHEe KOJIMUYECTBO 3asBOK U CPEIHEE BpeMs UX NMPeObIBaHUS B CUCTEME, CPEJIHES
BpeMs OKHJaHUSA BCEX 3asBOK B OYEPEIU, a TAKXKE MOJHOCTHIO HOPMAaJIHU30BAaHHOE CpPEIHEE 3HAUCHHE
BpEMEHHU MPEOBIBAHUS 3aIIPOCOB B CHCTEME PACCUUTAHO M MPOAHAIM3UPOBAHO B PE3YyILTATE IPOBEICHHBIX
SKCIIEPUMEHTOB.

KuarueBble cjioBa: Cetn MOOWIBHON cBs3u  cranmapra GSM, mnoacucremMa 0a30BBIX — CTaHITHH,
MOJICHCTEMa KOMMYTAI|H, TOJCUCTEMa MOOMIIbHBIX CTaHI[MI, CHCTEMa YIIpaBJICHUS,
LEHTP AKCIUTyaTalluy U TEXHHYECKOTO 00CITYKUBAHUS, BEKTOPHAS MOJICb.
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Introduction

GSM (Global System for Mobile
Communications) standard mobile networks
are the most modern and rapidly developing
field of telecommunications [1]. In these
networks, the area where communication is
provided is divided into separate cells, while
the subscriber usually receives the same
service package in each cell. Thus, when
moving from one cell to another cell,
subscribers can freely use communication
services regardless of the area. During
relocation, the connection created by
subscribers (voice call, data, etc.) should not
be interrupted and its continuity should be
ensured, as it is ensured by the so-called
"hondever"” device. The connection created by
the subscribers is captured by the neighboring
hives, as if in a relay, and the subscribers
continue to exchange information over the
Internet.

GSM standard mobile telecommuni-
cation networks use time division multiple
access(TDMA) method. The structure of the
TDMA frame includes 8 time positions in
each of 124 carriers. Block and ultra-precise
coding is used in order to protect against
errors in radio channels during the
transmission of informational data on these
networks. At the small displacement speed of
mobile stations, both increasing the coding
efficiency and slow changing of working
frequencies with a speed of 217 jumps per
second during the communication session are
ensured. Gaussian frequency manipulation
with minimal frequency shift is used in GSM
standard mobile telecommunication networks.
Information processing is carried out within
the framework of its intermittent transmission
process, which ensures that the transmitter is
connected only when the information is given,

and it is disconnected at the end of the
transmission. In the case of the converter
device, a pulse excitation long-term and linear
prediction codec is used. The speed of
information conversion in these networks is 13
kbit/s. Functional interaction of network
elements is carried out through a number of
interfaces. All functional components of GSM
standard mobile telecommunication networks
interact according to the 7Ne to common
channel signaling system CCSS.These
networks have advantages such as high-speed
and high-quality information transmission
(voice call, data, etc.), low cost of equipment
and services, small size of user equipment,
and the ability of subscribers to use mobile
phones when switching to other GSM
networks [2, 3]. These advantages make the
selection of GSM standard  mobile
telecommunication networks as a research
object even more urgent.

Setting the issue

One of the main features of GSM
standard mobile telecommunication networks
is that their subscribers are mobile and not
"bound" to a specific location, they can move
within the entire network area and beyond.
When it is done, as a rule, the connection is
not interrupted, because the service calls are
directed to the neighboring cell that is not
busy and has sufficient signal level. The
structure of these networks includes more
elements  and different  types  of
communication channels, which make their
structure makes it even more complicated. As
a result of this, a large number of physical and
probabilistic processes occur during the
transmission of information on networks,
which seriously affect their characteristics.
Therefore, it is necessary to wuse a
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mathematical apparatus that takes into account
the physical and probability processes
occurring in the network during the
development of analytical models of these
types of networks and methods of calculating
probability-time characteristics. For this
reason, M/M/1, which includes Poisson flow,
exponential service time, and unbounded
queuing, allows taking into account the
physical and probabilistic processes occurring
in the network in order to develop analytical
models of GSM  standard  mobile
telecommunication networks and calculation
methods of probability-time characteristics.
The issue of using 1 type of one-channel mass
service system is set.

The purpose of the work

Analysis of GSM standard mobile
telecommunication networks, development of
their simplified physical and vector models, as
well as on the basis of this M/M/1 type single-
channel mass service system, which includes
Poisson flow, exponential service time and
unlimited queue. Proposing methods of
calculating analytical models and probability-
time characteristics of networks, calculating
the numerical values of these characteristics
through computational experiments and
conducting their numerical analysis.

Physical model of GSM standard mobile
telecommunication networks. This model
includes five subsystems such as base stations
subsystem BSSS, switching subsystem SSS,
mobile  stations  subsystem,  network
management system and other networks
subsystem [4, 5]. The physical model of GSM
standard mobile telecommunication networks
is shown in figure 1.

ISD, SEDEL, DOHS, AVC ,SNOGN

- g
—le SWITCHING SUBSYSTEM (38S)
ITPTN )
7 NMS,
MRCN L] L] L] . e o o OTSC

RTBS,BSC . .
ICCN
BASE STATIONS SUBSYSTEM (BSSS)

L ] L] L] ° L ] L L ]
Ms;, M5z, Ms3, ...; Mgy,

NETWORK MANAGEMENT SYSTEM AND
OPERATION TECHNICAL SERVICE CENTER

MOBILE STATIONS SUBSYSTEM (MSSS)

‘OI'HIR NETWORKS SUBSYSTEM (ONSS) ‘

Figure 1 — Physical model of GSM standard
mobile telecommunication networks

The switching subsystem SSS performs
the function of providing information and
includes the authenticity verification center
AVC, It includes the subscriber database 1SD,
the database of "Home" subscribers DOHS,
the subscriber equipment database includes
SEDBI and the switching nodes of the GSM
network SNOGN, which perform the
following functions spend [4, 5].

AVC performs verification of the
authenticity of subscribers and thus ensures
the prevention of unauthorized access to the
network. Every time the subscriber opens the
phone, makes a voice call, sends an SMS, etc.,
the authenticity of which is checked through
mobile switching based on the information
received from the AVC.

In ISD, information is stored about both
active subscribers in the service area of the
mobile switching center, as well as home
subscribers belonging to this mobile switching
center and temporarily operating in it, i.e.
subscribers of other telecommunication
operators or other regions.

In DOHS, both the subscribers
belonging to the mobile switching center and
the provided services, their status, the location
of the subscribers, etc. are stored.



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2023, cild 15, M2 3, s. 80-89
Hasanov M.H. va basq.

Herald of the Azerbaijan Engineering Academy
2023, vol. 15, no. 3, pp. 80-89
Hasanov M.H. et al.

SEDBI stores information about mobile
phone identification numbers, which are used
to block stolen phones.

SNOGN manages base stations and base
station controllers located in the service area
of the network. Its main function is to connect
network subscribers. Connections between
landline telephone and intercity
communication networks ICCN, as well as
other communication networks are made
through this node .

The base station subsystem BSSS
performs all the functions related to the radio
interface. Within this subsystem,
reception/transmission base stations RTBS
and base station controllers BSC operate. Its
service area is divided and managed into
hives, each covered by a RTBS. RTBS mobile
stations provide a physical radio interface
between CS and BSC. The RTBS includes
receiver/transmitter assembly, digital
processors and switching equipment of
various purposes. The equipment of RTBS is
built on the modular principle, which allows to
increase the number of radio frequency
devices. All important  high-frequency
equipment, digital devices and power sources
work in a structurally autonomous mode.
Directional antennas with a horizontal plane
radiation pattern width of 120° are used in
RTBS. The content of RTBS education
includes diagnostic devices that also have an
indication of status and operating modes. For
testing and tuning RTBS, it is possible to
connect it to an external terminal. BSC
manages the distribution of several base
stations and radio channels, controls the
connection between base stations and the
switching center of mobile communications,
performs connection switching and frequency
hopping adjustment, as well as makes

decisions about the quality of service of the
"relay” transmission based on the information
received from RTBS.

The network management system and
operation-technical ~ service  center s
considered the central element of the GSM
standard mobile telecommunication network
and includes the network management system
and the operation-technical center. The
management system ensures the management
of this network, and the operation and
maintenance center performs its operation and
maintenance. The operational and technical
service center ensures monitoring of network
traffic and control of emergency signals
occurring in all network elements, depending
on the nature of the emergency that may occur
in the network and its elimination
automatically or with the active intervention
of personnel. This system has access to both
SSS and BSSS subsystems.

Mobile stations subsystem CS BSSS
contains mobile stations CS and they carry out
mutual communication of network
subscribers.

The other networks subsystem includes
the public telephone network ITPTN, the
mobile radio communication network MRCN
and the intercity communication network
ICCN.

Vector model of GSM standard
mobile telecommunication networks. In
order to expand the physical model of these
networks given in figure 1, its basic model can
be written with the following vector:

W =[K,B,M,D,S],
where K, B, M, D and S are subvectors
showing the switching subsystem, base
stations subsystem, mobile stations subsystem,
other  networks  subsystem, network
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management system and operation and
maintenance center subsystem, respectively.
The K - subvector can be written as:

K= [VAvc ’VISD ’VDOHS’VSEDBI ’VSNOGN ]!

VAVC ’VISD 7VDOHS ’VSEDBI and VSNOGN

where
authentication center subsets, subscriber
database subsets, "Home" subscriber database
subsets, subscriber equipment database
subsets, and switching nodes subsets of the
GSM network, respectively.

The B- subvector is equal to:

B= [VRTBS ’VBSC ]’

wherevRTBS and Vesc are receive/transmit
base station subsets and base station controller
subsets, respectively.
The M-subvector can be written by the
following formula:
M =[M;,M,,M,,...M,]

M,,M,,M,,...M,

where - are subsets of N

number of mobile stations.
D= [VITPTN 'VMRCN ]’

VITPTN are VMRCN

where subsets  of
receive/transmit base stations and controller
subsets of base stations, respectively.

Incoming

requests
—

Queue

Service channel

()

S == [\/ITPTN 1VMRCN ’V|CCN ]’
\ V \Y

where n are "'™T™NCTMRCN gnd  TIceN public

telephone network subsets, mobile radio
communication network subsets, and long-
distance communication network subsets,
respectively.

Analytical models of GSM standard
mobile telecommunication networks and
methods of calculating probability-time
characteristics. In order to study these
networks, we consider them as single-channel
M/M/1 types, which include Poisson flow,
exponential service time, and unbounded
queuing, let's describe it in the form of a mass
service system (figure 2).

Since there is a regular flow of requests
in this system, only one request falls into the
queue at each time, or one request from the
queue is transferred to the service channel,
that is, the process of "death and reproduction™
takes place in the system [6, 7]. Therefore, the
mass service system given in figure 1 is
depicted as a transition graph of the "death
and reproduction™ scheme (figure 3).

Requests to be
served

Figure 2 — Description of GSM standard mobile telecommunication networks as M/M/1 type mass

A A

Xo | X1 | %

u n

A A

Xees | | Xk | | Xen

u B

Figure 3 — M/M/1 type mass service system representation as a transition graph of the “death and

reproduction” scheme
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At this time, the transition states of the
system take the following form:

X, -the service channel is not busy;

x,-the service channel is busy, there is
no queue;

X, - the service channel is busy, there is
only one request in the queue;

X, -the service channel is busy, there
are k — 2 requests in the queue;

X, the service channel is busy, there are

k —1 requests in the queue,
X, -the service channel is busy, there

are k number of requests in the queue.

Since the flow of requests to the system
is stationary, the transition intensity takes a
constant value [6,7],i.e. 4, =4,
k=0123,..4 =1, k=0123,...

At this time, the probability of having k
number of requests in the system in a
stationary state is determined by the following
formula:

P =Po ::ol(ﬂv/,u)z po(ﬁ/ﬂ)k (1)

Since the series is cumulative in this

formula, its initial value can be written as
follows:

o =1/ Y, (21 )" =
=1+ (A ) A=Al g))= (2
=1-(A1u)=1-p

where p,k,Aand u are respectively the load

of the system, the number of requests, the
intensity of requests entering the system, and
the intensity of serving requests.

In this case, the probability of the length
of the queue resulting fromk number of
requests entering the system can be calculated
by the following formula:

p, =(@1-p)p" A3)

Based on the mathematical expectation
of k number of discrete random quantities in
the considered system [8, 9], the average
number of requests in the system and its
variance are determined by the following
formulas, respectively:

N =20k == p)X ko' = plA-p).

o?=), (k=N)*p,=pll-p)* (4)
where p, and N — are determined by formulas
(3) and (4), respectively.

According to Littla's formula, the
average time of requests in the system can be
determined as follows:

T=N/2 (5)

If we take into account the formula (4)
and A = pu in (5) and solve it, we will get the

final formula for the average time of requests
in the system:

T =1/ u(l-p) (6)

The probability that there are at least m

number of requests in the system, as well as

the probability that there are less than the

number of requests in the system are
determined by the following formulas [8-10]:

Plkzmi=3 " (1-p)p"=p",
Pk <m}=1-p" (7)
Now let's look at defining the
characteristics of the queue in the system. The
average number of requests in the system is
equal to the sum of the average number of

requests in the service channel and the average
number of requests in the queue, that is:

Ns = ka +Nqueue (8)
where is N x the average number of requests
in the service channel, N qeweis the average

number of requests in the queue, whichdefined
as follows:
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Ngewe =N — p (9)

where N - is determined by the formula (4).
Calculation of the average number of
requests in the queue if we consider and solve
formula (4)-(9).
We get the final formula for

N quewe = p* /(1= p) (10)
Using Littla's formula [8, 9], the average

waiting time of all requests in the queueW
can be determined as follows:

Woe = Ngew /A =(p2 11— p))/ 2 (11)
where N quewe - is determined by the formula
(10).

If we take into account the formula (10)
and A= puvalue in (11) and solve it, we will
get the final formula for calculating the
average waiting time of all requests in the
queue:

We = p/ u(l-p) (12)

The fully normalized average dwell time
of requests in the system indicates how many
times the requests exceed the average waiting
time in the service channel due to the presence
of a queue in the system. In the considered
M/M/1 mass service system, the fully
normalized average stay time of requests in

the system T nom is equal to:

-Fnorm =-|_-/)_(, ;ZID/}, (13)

where T - is determined by the formula (5), x
- is the processing time of requests in the
service channel of the system.

If we consider and solve the formulas
(4), (5) in (13), as a result, we will get the final
calculation formula for the fully normalized
average value of the requests staying time in
the system:

T rom =1/(1— p) (14)

Results of computational experiments
and their analysis. In order to determine the
EZX numerical values of the probability-time
characteristics of GSM standard mobile
telecommunication  networks,  calculation
experiments were carried out using Excel
software. This time
0 =0;0.1,0.2,0.3;0.4;0.5;0.6;0.7;0.8;0.9and
1 =10 requests/s/based on formulas (4), (6),
(12) and (14) using the initial data, the average
number of requests in the systemN , the
average waiting timeT , the average waiting

time of all requests in the queue andW the
fully normalized average of the requests
staying time in the system the numerical

values of timeT .mwere set, the obtained
results are given in table.

Table — Numerical values of probability-time characteristics of the system

EzX |0 |01 |02 |03 |04 |05 |06 |07 0.8 0.9
N 0 |011 |025 (043 |067 [1.0 |15 233 |40 9.0
T 01 011 |043 [0.14 |047 [02 [025 |033 |05 1.0
A 0 |0.007|0.017 [0.029 | 0.044 [0.067 |0.1  |0.156 |0.267 |06
Toorm |10 111 [125 |143 |167 |20 |25 |333 |50 10
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Figure 3 — Graphs of the average number of requests in the system: a) and the average stay time

b) depending on the system load

Based on the values given in Table 1,
the average number N of requests in the

system and the average stay time'l_'graphs of
dependence on the load of the system were
constructed (fig. 3a, b).

The analysis of the graphs shows that
the average number of requests in the system
increases with the increase of the system load
the dwell time increases as a whole, when the
load changes in the rang p=0+0.5, both the

average number of requests in the system and
the values of the average dwell time slowly
increase, and when it changes in the range of
p=0.5+0.9, ajump is observed.

Conclusion

GSM has analyzed standard mobile
telecommunication networks as a whole, their
provision of high-speed and high-quality voice
and data transmission, low cost of equipment
and services, small size of user equipment,
and the ability of subscribers to use mobile
phones when switching to other GSM
networks. It is noted that it has such
advantages. Information transmission
processes in  GSM standard  mobile
telecommunication networks were analyzed, a
simplified physical model of these networks

and its vector models were proposed in order
to expand this model.

In order to study the characteristics of
GSM standard mobile telecommunication
networks, they are described as a M/M/1 type
single-channel mass service system containing
Poisson flow, exponential service time, and
unlimited queuing. and possible transition
states are shown. Based on M/M/1 type mass
service system, analytical models of GSM
standard mobile telecommunication networks
were developed and based on these models,
methods for calculating their probability-time
characteristics were proposed. Numerical
values of the probability - time characteristics
such as the probability of the length of the
queue resulting from requests in the system,
the average number of requests and the
average stay time in the system, the average
waiting time of all requests in the queue, as
well as the fully normalized average value of
the stay time of requests in the system, and
their numerical value analysis was carried out.
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