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ABSTRACT 

In this report a model is derived for 
the voice channel allocation in a mobile 
network using small cell technique with overlaid 
cells, rearranging and two type of priorities. 
Both analytical formulas and simulation results 
are obtained. 

1. INTRODUCTION 

A project has been started at ERICSSONs 
telecommunication rlepartment with the intention 
to get a total overview of the capacity of 
a mobile network including the special require
ments from a mobile subscriber (such as mobil
ity). 

This project will try to create a model 
of the PSTN (Public Switched Telephone Network) 
- MOBILE network and using that to get knowledge 
about the function of the system i.e. what 
is the behaviour of the mobile subscriber 
and his influence on the system, what is 
the capacity of the system from a traffic 
point of view, how to dimension etc. The 
model will of course also make use of traffic 
measurement results to make it more consistent 
with reality. The project is going to be 
divided into two main parts, one concerning 
the processor capacity and one concerning 
the switching capacity (incLuding Link capacity) 
observing that they of course infLuence each 
other. 

This paper will concentrate on the part 
of the network called the MSC area and speciaLLy 
on the voice channel capacity for a specific 
way of distributing voice channels among 
certain areas caLled cells. 

When a mobile network is going to be 
dimensioned from the radio-channels point 
of view the major problem is , if the network 
is of such a size that it couLd not be expected 
to be served by the radio-channels made available 
by the administration, how to increase the 
total number of available channels. A number 
of techniques have been proposed and implemented. 
The simplest and probably the first suggestion 
was to arrange the total number of frequencies 
into a number of groups. These groups are 
then allocated to well defined areas called 
ceLLs in a way that it is possible to reuse 
these groups a certain distance away ruLed 
by the reuse formula. 

The reuse formuLa telL us how to minimize 
the co-channeL interference. This technique 
is called fixed channel assignment. Other 
techniques use the dynamic or hybrid channel 
assignment schemes where the last one is 
a mixture of fixed and dynamic. In this scheme 
a number of fixed channels and channels common 
to a number of cells are allocated, see reference 
(4) • 

The scheme used here is a type of hybrid 
assignment with rearrangement, see reference 
(2) and (3). This technique is here called 
overlaid cells with rearranging. The model 
is also extended with two kind of priorities. 

Part A of the analysis gives a short 
description of the mobile network restricting 
it to the part of the network of interest 
to us in this paper. In part B the model 
is derived using this interpretation of the 
system. 

The derivation of a model for our system 
could be done using either analytical tooLs, 
simulation or a combination. This paper wiLL 
use the last. In a forthcoming paper these 
results will also be compared with traffic 
measurements from actual working systems. 

2. GENERATION OF THE MODEL 

Today, relatively Little is known about 
the behaviour of mobile networks. The intention 
with the project is as mentioned above to 
derive knowledge of a mobiLe network including 
mobile subscriber behaviour such as mobility, 
holdingtimes, calling patterns and so on. 
Because of subscriber mobility in the network 
there are other special requirements e.g. 
roaming, handoff and other signalling functions 
(using e.g. CCITT No.7), see figure 1 and 
2. 

2.1 Mode LL i ng 

The modeLling is done stepwise. First 
formulas are derived without these special 
requirements such as mobility (see definitions 
below). The next step is to expand the model 
with the mobility requirement. After this 
it is possibLe to see what effect the mobiLity 
has on the capacity. 

This paper concentrates on the first 
step and the special area of the network 
called the MSC area. 
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2.1.1 The intepretation 

The approach to the problem ' was in 
this case first of all to create a descriptive 
model of the network. This is mainly done 
by first reading the functional descriptions 
to see how the system actually works. 

This basic description is in the 
project as well as in this paper based on 
AXE 10. The next thing is to translate to 
traffic terms, and delete things not of import
ance or negligible. 

2.1.2 The creation 

Now this interpretation was used 
to generate the analytical formulas and the 
simulation program. The results from the 
simulation program were then checked against 
the analytical formulas. Also traffic measure
ments from actual working systems are investi
gated. 

The results from the traffic measurements 
as well as the analytical formulas and simula
tions with mobility parameters will be presented 
in a forthcoming paper. 

2.2 Part A, the network model 

A short description of a PSTN-MOBILE 
network is as follows. 

a) The Mobile Services Switching Centre 
(MSC) area; 

b) The Public Land Mobile Network (PLMN); 
c) The interconnection of the MSC area, 

PLMN and PSTN networks. 

One reason for dividing the model into 
these three parts is the possibility to see 
the effect that mobile telephony has on ordinary 
telephony and vice versa. 

2.2.1 The total network 

Figure 1 and 2 indicates a network 
including the MSC, PLMN and PSTN parts. 

The three basic actions that generate 
load on such a system is: 

a) Ordinary calls; 
b) Customers moving around; 
c) Calls with movement. 

In other words this is the main difference 
between ordinary and mobile telephony. 

2.2.2 The interconnection of the MSC area, 
PLMN and PSTN 

The main purpose with this section 
is to find out how the traffic is flowing 
through the exchange based on the number 
of traffic types possible to have in the 
system. 

2.2.3 The PLMN network 

This section involves the specific 
mobile network parameters such as roaming, 
interrogation, call to visiting subscribers 
and the signalling influence on the link 
load. 

2.2.4 The MSC area 

As mentioned above this report will 
deal with the MSC area part and specially 
the voice channel capacity. 

An MSC area is defined as the part 
of the PLMN network covered by an MSC. An 
MSC area may comprise several traffic cells. 
A traffic cell area is the part of the MSC 
area covered by a base station. Every mobile 
in a traffic cell area can be reached by 
the radio equipment of the base station. 

The communication channels are the 
link between the mobiles and the rest of 
the network. The channels could be of two 
types, namely radio-channels and link-channels. 

This model is divided into four main 
parts namely, the traffic cell, the communication 
channels, the customers and the traffic flow 
of customers. 

Customers 

A customer is recognized by its class 
which among other things describes the priority 
of this customer (two priorities here). 

Traffic flow of customers 

The traffic flow or the traffic types 
is TCELLoutgoing, TCELLincoming, TCELLintra 
or TCELLint~r. Note that TCELLinter traffic 
need allocation of 2 channels in a TCELL. 
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The radio-channels 

The radio-channels are the connection 
between the mobiles and the exchange and 
they are of two basic types. On one hand 
the control channel(s) (TCC) which are allocated 
to a traffic cell and serves as a common 
resource for the different signalling needs 
between the mobile and the base station. 
On the other hand the voice channels (TVC) 
which are the actual communication resource 
between the mobile subscribers and the rest 
of the network. If all voice channels are 
busy when a call arrives the call is lost. 

The traffic cells 

Because of the reason mentioned in 
the introduction it is essential to increase 
the number of channels made available from 
the administration. In this paper we will 
define the traffic cells (usually a hexagonal 
structure) in the following manner: 

The MSC area is divided into a number 
of traffic cells (TCELLs). The MSC area has 
also a number of radio-channels allocated 
to it. These radio-channels is divided into 
two set of channels. The first set for the 
primary cells and the second set for the 
secondary cells, see below and figure 2. 

'Each set of radio-channels is divided 
into a number of groups (e.g. 7 or 21). The 
result is that each group has a unique set 
of radio-channels. 

Now, each TCELL, primary or secondary, 
is given one of the groups, from the primary 
set if it is a primary cell, from the secondary 
if it is a secondary cell. The criteria when 
distributing these groups among the TCELLs 
is ruled by the reuse formula. The reuse 
formula tell us how to minimize the co-channel 
interference. 

2.2.4.1 The traffic model for the MSC area 

Let us now describe our model of 
the MSC area in a number of steps as follows. 

STEP1 

First of all let us assume that 
we have distributed the groups in the first 
set of radio-channels among the primary TCELLs 
as mentioned above. This kind of distribution 
is called FIXED channel assignment and means 
that this group of channels in the TCELL 
is exclusively used inside this TCELL and 
could NOT be used by another TCELL within 
the reuse distance. 

STEP2 

The groups in the second set of 
radio-channels is distributed among the secondary 
TCELLs i.e. are overlaid the primary TCELLs. 
In other words inside a secondary TCELL there 
are a number of primary TCELLs, see figure 
2. The consecuence is that the channels in 
a secondary TCELL is a common pool of channels 
for a number of primary TCELLs. 

STEP3 

We now combine this system with 
rearrangement, which means that when a call 
in a certain primary TCELL using a fixed 
channel terminates another call in the same 
primary TCELL using a common channel is moved 
to the fixed channel. 

STEP4 

The next step involves priorities 
for different kind of users. The model will 
be defined for two kind of users with two 
kind of priorities which means that from 
the common pool a number of channels will 
be assigned exclusively for the customers 
with highest priority. 

2.3 Part B, formulas 

2.3.1 Analytical formulas 

2.3.1.1 Presumptions 

We assume that all the calls in 
our model is generated according to a Poission 
process. We also assume that the holding 
times are exponentially distributed and that 
mobility (handoff and roaming) is not included. 

Our desire is to derive Grade of 
Service (GOS) and state probability formulas. 

This is the basis from which we 
then are able to derive the offered and carried 
traffic corresponding to a given set of GOS 
values. The set of GOS values will be explained 
in detail later but now we will define it 
as a set of values which correspond to a 
PARTICULAR installation of our system. 

Since the system is working as a 
loss system the GOS is equal to probability 
of congestion. The TCELL voice channel system 
in the MSC area is as a consequence of the 
definitions above described as follows. 
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n(1) m 
A (1) 
-----> 0> ••• 0> 0> ••• 0> 1-0 ••• 1-0 
8 (1) I I I I I I 
-----> 0> ••• 0> 0 0 I I 

I I I I 
I I I I 
I I I I 

n( r) I I I I 
A (r) I I I I 
-----> 0> ••• 0> 0> 0> 1-0 ••• 1-0 
8 (r) I I I I 
-----> 0> ••• 0> O ••• 0 

- --
n(1) 

A (1) 
-----> 0> ••• 0> 0> ••• 0> 1-0 ••• 1-0 
8(1) I I I I I I 
-----> 0> ••• 0> 0 0 I I 

I I I I 
I I I I k 

n(r-) I I I I 
A (r) I I I I 
-----> 0> ••• 0> 0> 0> 1-0 ••• 1-0 
8 (r) I I I I 
-----> 0> ••• 0> O ••• 0 

NOTE that r is the number of primary 
TCELLS within the reuse distance, n is equal 
to the number of channels in each primary 
TCELL, m plus l is equal to the number of 
channels in the secondary TCELL, and k is 
the number of secondary TCELLs or reuse groups. 

The channels in the third group can only 
be selected by the A traffic i.e. the traffic 
with the highest priority. Rearrangement 
implies that when there are calls in the 
second group corresponding to a particular 
first group this first group is always full. 
And further on if there is a call in the 
third group corresponding to a particular 
first group this first group AND the second 
group is full. I.e. when a call terminates 
in either a first OR second group a call, 
if any, is moved from the highest possible 
group. 

The formulas for the state probabilities 
and GOS will be derived in a number of steps 
as follows. 

2.4B-3-4 

STEP 1 

Let's start with ONE type of traffic 
offered to ONE group inside ONE cell. 

n m 
A 

------> 0> ••• 0> 0> ••• 0> 0 •••• 0 

The state probability formula is of course 

A' 
It, 

Plt=---
11+",+1 A' 

,~o k! 
and the formula for the congestion 

ACII+",+II 

81(1,n+m+l) = (n+m+l) , 
11+",+1 A' 

,~o k! 
The carried traffic in the first group is 

(n+l,m+l) x E(n+m+l,A) 
A(n)=n- x(n-A(l-E(n,A))) 

AC",+II x E(n,A) 

WMn (n+ I, n+l) = (n+ 1) x (n+2) .. . (n+ 1 + m+l-l) 

STEP 2 

Let us now add another type of traffic 
8 which can only select channels in the primary 
and secondary group. 

n m 
A1 

------> 0> ••• 0> 0> ••• 0> 0 •••• 0 
I I I I 

81 I I I I 
------> 0> ••• 0> 0 0 

The equation for the state probabilities 
for this system is: 

ForO S It Sn 

(AI +81)' 
Pit = --It-,-xPO 

andn<lesn+m 

and/inallyn+m < It S n+m+l 

(A 1 +81)" x (A 1 +81)'" x AI" -11-"') 
Pie = le, x Po 

Th~ normalization condition is ofcourse 

11+111+1 

1 = L Pit 
'-0 
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and we reach the formula for the call congestion 
that the A and 8 traffic experiences 

11+,..+1 

lr:II+'" 
k! 

BBl (1, n+m+l)= ---------------I m (Ak+~)lr + II+i.+ 1 (A +8)(11+"" xA(lr -/I-m) 

lr-O . lr=/I+m+1 k! 

STEP 3 

The next step in the process is to add 
one group (TCELU to the previous one. 

In the following we will calculate the 
call congestion, separately for the A and 
8 traffi c, in the FIRST group of the grading. 

n1 m 
A1 

1 ------> 0> ••• 0> 0> ••• 0> 1-0 ••• 1-0 
I I I I I I 

81 I I I I I I 
------> 0> ••• 0> 0 0 I I 

I I I I 
I I I 

A2 n2 I I I I 
------> 0> ••• 0> 0> ••• 0> 1-0 ••• 1-0 

I I I I 
82 I I I I 

------> 0> ••• 0> 0 0 

As mentioned in reference ~ this formula 
can be derived in terms of the nominator 
TA(r, n+m+l) and the denominator N(r,n+m+l) 
where r is the number of groups in the grading 
and n, m, l are the number of channels in 
the primary, secondary and thirdly group. 

The derivation is done in the following 
way: 

When we add one group T(2,n+m+l) will 
contain thoose states which correspond to 
congestion for the A1 and 81 traffic due 
to that a number of the m and l channels 
is occupied by the A2 and 82 traffic. 

(1) 

It is now possible to derive the T(2,n+m+l) 
formula for the A and 8 traffic in terms 
of H1 ,n+m+ l). 

First the A traffic 

TA(2,n+m+l) contains three terms: 

One that expresses the states of the second 
group when it does not effect the first group. 

/12 (A2+B2}lr 
TA'(2,nl+m+l)= I ---xTA(l,nl+m+l) 

lr=O k! 

One that expresses the states of the second 
group when it does effect the first group 
but only through the secondary group. 

m (A2+B2}(/l2H) 
TA"(2, nl +m+l}= I · X TA (1 nl +m+l-k) 

hI (n2+k) ! ' 

One that expresses the states of the second 
group when it does effect the first group 
both through the secondary and thirdly group. 

. I (A2+B2}c/l2+m'A2 lr 
TA'" (2, nl +m+l)= I x TA (1, nl +l-k) 

lr=1 (n2+m+k)! 

The 8 traffic 

T8(2,n1+m) will also contain three terms. 

112 (A2+B2}lr 
TB' (2, nl +m)= I --- x 7'BO, nl +m} 

lr=O k! 

1 (A2+B2}c/l2+m'A2lr 
TB'" (2, nl +m)= I x 7'B (1 nl) 

hI (n2+m+k)! ' 

STEP 4 

We now continue to add groups to our 
grading and end up with the following 

n (1) m 
A (1) 

-----> 0> ••• 0> 0> ••• 0> 1-0 ••• 1-0 
8(1) I I I I I I 

-----> 0> ••• 0> 0 0 I I 
I I I I 
I I I I 
I I I I 

n( r) I I I I 
A (r) I I I I 

-----> 0> ••• 0> 0 0 1-0 ••• 1-0 
r 8(r) I I I I 

-----> 0> ••• 0> 0 ••• 0 
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The recursion formula for the nominator 
now read as follows 

TA (r, n(r-I)+m+l) = TA' (r, n(r-ll +m+[) + 

TA" (r, n(r-l) +m+[) +TA'''(r, n(r-l) +m+{) 

and 

TB(r, n(r-I)+m) = TB' (r, n(r-ll +m) + 

TB" (r,n (r- 1) + m) +TB~'~r, n (r- 1) + m) 

The same expression is derived for the 
denominator and we are now in the position 
to calculate BA(r) and BB(r) as 

TA (r, n(r-ll +m+{) 
BA (r, n (r-I) + m + () = -...:....:....--...:....-.:..-.-~ 

NA (r, n(r-ll +m+{) 

BB (r, n (r- 1) + m) = T_B_(_r,;...n_(r_-_l_)_+_m_l 
NB (r, n(r-ll +m) 

As mentioned in description of the flow 
of customers it is possible to have a 2 channel 
call, because the call can both originate 
and terminate in a single primary TCELL. 
Instead of using formula(1) as the basis 
of our calculation we could use the modified 
Erlang formula developed in reference(1) 
which takes into account 2 channel calls 
as well. 

2.3.2 Simulation 

A simulation program has been developed 
and used for the above system. The type of 
simulation used was process simulation. The 
results from the simulation was checked against 
the theoretical results and the correspondence 
was very good. 

The next step will be, as said above, 
to build in other things like mobility. The 
results here however are without any extras 
such as mobility. 

3 CAPACITY 

The main purpose with this paper is to 
from the total number of channels given by 
the administration to the MSC aera, which 
are 

r 

NTOT NPRIM + NSEC =Ln(i) + NSEC 

i=1 
and with reuse of the reuse groups 

" k r k 

NTOTR =L>L n(;) +L (m(j)+l(j)) 

j=1 ;=1 j=1 

and with rearrangement obtain the optimum 
disposition of channels among the three type 
of groups. I.e. to maximize the carried traffic. 
This optimum disposition is given for each 
set of Grade of Service values (congestion) 
that the administration has specified. The 
set consists of GOS values for the A and 
B traffic per group (TCELL). The results 
presented here, figure 3 and 4, is calculated 
in terms of fixed channel assignment i.e. 
only primary cells. 

4 CONCLUSION 

The results from the analytical formulas 
and simulations for a system with overlaid 
cells and rearrangement show that this system 
has a capacity that exceeds the capacity 
of fixed channels assignment systems. The 
increase of capacity depends on the specific 
implementation of the system. But so far 
investigated an increase of 35% offered traffic 
for the specific implementation in figure 
3 has been calculated. Also a substantial 
gain of increased number of subscribers is 
accomplished for the system in figure 4. 

When priority traffic is used, if this 
amount of traffic is small compared to the 
ordinary traffic, a relatively large decrease 
in GOS is achieved without affecting the 
ordinary traffic to a large extent. If the 
parameters used in reference(2) is applied 
to the formula derived here the results are 
the same. 
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Fig. 1 Mobile AAltwork (PLMN) 
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MSC area 
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Fig. 2 MSCIIIN with overlsid cells 
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