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Abstract - A multi-service traffic model is presented, and 
its validation is achieved in a vehicular scenario by using 
event-based simulation results. In the single-service case, 
theoretical and experimental results for ON-OFF blocking 
probability are close to each other, and there is an almost 
perfect concordance between theoretical and simulation 
values when the average sojourn time in cells is equal to the 
average holding time. The challenges presented by the 
multi-service case are identified, and a question related with 
a possible correspondence between blocking/handover 
failure probabilities and ON-OFF blocking probability are 
presented.  
 
Keywords – multi-service traffic, simulation, handover, 
bursty behaviour, validation, mobility. 

I. INTRODUCTION 

Multi-rate multi-service traffic modelling is one of the most 
challenging issues involved in the dimensioning process of 
mobile multimedia communication systems, e.g., UMTS 
(Universal Mobile Telecommunications System) and its 
enhancements. On the one hand, models that consider 
queuing of data calls can be considered, which allows for 
obtaining results for delay. On the other hand, for real-time 
(and, in most of the cases, time-based applications), a 
simpler model can be used, which only models blocking and 
handover failure probabilities. This is the case of the 
Bernoulli-Poisson-Pascal/Markov-modulated Poisson 
Processes model from [1]. In Section II, after presenting the 
basis of the model, the user model and equivalent user are 
described, and details on how to compute the arrival rate are 
given. Section III presents the physical and mobility 
scenarios considered in the simulations, the concepts 
associated with the generation and termination of new and 
handover sessions, and the definitions of the quality of 
service parameters. Section IV presents results for blocking 
and handover failure probabilities, and also for the ON-OFF 
blocking probability, a measure for the blocking of bursts of 
traffic during multimedia traffic sessions. A comparison 
between theoretical and simulation results is performed, and 
challenges are identified. Finally, some questions are 
presented in Section V. 

II. TRAFFIC MODEL 

A. Basis of the Model 

In the general model of a loss system with Re=1 type of 
resources shared by J classes (i.e., service components), a 
customer arrival at the resources follows a specific random 
process. Each customer, i.e., service components users, 
requests a fixed number of resource units, i.e., channels, 
which are granted if available. If not, the request is cleared 
and the customer is blocked. The classification of customers 
is done on the basis of their arrival process, capacity 
requirement and mean holding time [1]. In this work, the 
performance measure that one is interested in the probability 
that an arriving customer is blocked, i.e., the customer or 
connection blocking probability, Pb. Besides, as one is 
dealing with bursty traffic, with active and inactive, i.e., ON 
and OFF, periods, one needs to address ON-OFF blocking 
probability. One is also interested in the handover failure 
probability, whose limitation directly results from the 
existence of a threshold for the call-dropping probability. 

The capacity of the resource facilities is partitioned into 
capacity units. A customer is assumed to need a given 
number of units of each facility, and the demand is granted 
on a first come first served basis. If a customer demand 
cannot be granted, it is cleared and the new customer is 
blocked. 

One considers J customer classes, each with different spatial 
and temporal requirements, and c is the total of available 
channels. The resource capacity vector is defined as cv = [c1, 
…, cRe] but, since Re = 1, one has c1 = c. The class j (the 
term ‘class’ referring, in the context of this work, to ‘service 
component’) capacity demand of channels per customer, aj, 
j∈ϑ, where ϑ = {1, …, J}, and aj ∈ IN.  Besides, the time 
that these channels, once granted, will be held by the service 
component (or class) j customer is i.i.d., it being specified 
by its mean value, whose specific distribution has no 
influence on the calculations that one is pursuing [1], [2].  
Thus, given these considerations, the capacity vector, A, is a 
vector of the following type 

[ ] Jja j ,...,1 , ==A . (1)

Let the number of class j active customers, i.e., that hold 
their aj resources at time t, be represented by the random 



variable Nj(t). One can then express the state of the system 
by 
N(t) = (N1(t), ..., NJ(t))  (2)

and Y(t), the current resource occupancy vector as a function 
of the system state variable 

( ) ( ) A⋅= ttY N . (3)

The set of possible states N is bounded as a result of the 
finite resource capacity 
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where n=(n1, n2, ..., nJ) is the state of the system (defining 
the number of each component active requests).  In the limit, 
if there are more users from an application than from 
another, the other can use fewer channels. 

If the state vector N(t) ∈ N, then the service occupancy 
vector Y(t) ∈ Y, where Y  is simply defined by 

{ }cyy ≤∈= :INY . (5)

The equilibrium pmf of the state N(t) and the occupancy Y(t) 
are defined as follows 
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When the system is in state N(t) = n, the time until the next 
arrival of a class j customer’s demand is exponentially 
distributed with parameter λj(nj). This parameter is 
normalized with respect to the average class j holding time, 
thus, a different time unit is introduced for each customer 
class.  Blocking takes place if a request cannot be granted 
entirely, i.e., a class j request arrives when the system is in 
the set 

{ }ca jj >+⋅∈= Ann :B N . (8)

For exponential holding times, the BPP process can be 
modelled by a Markov chain, although this model allows for 
considering more general distributions for the holding times.  

While the equilibrium pmf of the state N(t), p(n), has a 
product form, in [1] an algorithm is proposed to compute the 
occupancy pmf, q(y), that there is an algorithm that is 
economic in terms of computation time and storage space – 
as long as the number of resources is not too high.  This 
algorithm assumes a BPP arrival process. 

BPP processes are those whose arrival intensity 
(corresponding to an exponential distribution of the inter-
arrival times), conditioned to nj customers being in the 
system, is of the form  

λj(nj) = αj + nj·βj, with αj > 0 (9)

where (-βj) is the activation rate and αj is the arrival rate.  In 
the Poisson case, as βj=0, the pmf of the number of active 
customers in an infinite resource is [1] λj(nj) = αj. 

For exponential holding times, a BPP process can be 
modelled by a Markov chain. Due to the normalization, 
mean holding times are unitary, thus, death rates are integer 
values. 

The description and the pseudo-code for the algorithm for 
the computation of time and call blocking probabilities, Pbt 
and Pb, respectively, are presented in [1], [3]. 

B. User Model and Equivalent User 

There are a total number of c available resources (or 
channels) in each cell, being used by a total number of 
equivalent users, MT.  Furthermore, one is considering two 
applications, voice (VOI) and Video-telephony (VTE), i.e., 
a total of Kapp = 2 applications. The index k, k = VOI, VTE, 
refers to these applications. Given this traffic mixture, the 
model for applications activation by users is presented in 
Fig. 1. Each user can be either in an idle state or using one 
of the two applications, with generation rate, Λk, and total 
service rate, Ηk, respectively.  

Once application k is active, the service components are 
activated with rate Λj|k and extinguished with total service 
rate Ηj|k, j = 1, …, J, Fig. 2; they can be simultaneously 
active, or not, and some can even not be activated for a 
given application. 
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Fig. 1. Applications activation. 

   Service 
component j
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application k)
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Ηj|k  
Fig. 2. Service components activation. 

This is a loss system, whose performance can be measured 
by the blocking probability of each service component, 
which simplifies the analysis (because one only needs to 
consider the service components and not each application). 

From Fig. 1 it is straightforward to derive the probability of 
a user having application k active  
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The total traffic is 
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Hence, the traffic generated by a specific application can be 
given by 

ρρ ⋅=
Η
Λ

= k
k

k
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where propk is the proportion of application k active users 
(numerically given by its usage). 

A normalised generation rate is introduced 
*
kΛ  = propk⋅Ηk, (13)

such that 
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(one has), reducing (10) to 
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The fraction of active users is 
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ρ
+
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1
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The product propk⋅bk gives the so-called maximum load per 
application, which represents the average load per 
application. 

The Poisson case of the BPP model is used [1].  In the 
context of this model, each equivalent user (of the 
applications) origins a given number of actual users, one for 
each service component, using resources with data rates Bsj, 
during a time exponentially distributed with average 1/Ηj,  
j=1,…, J (J is the total number of service components; for 
the service component j, one has a total service rate Ηj = μj 
in the static case, and Ηj = μj+ηj, otherwise, where μj is the 
service rate, and ηj is the cross-over rate); so the number of 
users accessing each individual service component is also 
MT. 

The activation rate of each component j, given an 
application k, is defined by [3]  
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where nj|k is the number of times the service component j is 
activated during application k, it being unitary for permanent 
service components.  When the application is static (due to 
absence of mobility, or because it is not considered), Ηj|k is 
given by μj = 1/τ  if the service component is permanent (τ  

being application k average duration), or by 1/ sτ  if the 
application is not permanent, sτ  being the average service 
component duration. Although the values of Λj|k and Ηj|k 
change when the influence of mobility of terminals is 
considered (by a factor associated with the service and the 
cross-over rates of application k), their ratio is maintained 
constant, and no change will exist for traffic analysis 
purposes, except for the blocking/handover failure 
thresholds.  

The number of active users of component j using their 
resources at time t, aj, are represented by the random 
variable Nj(t). As it was already pointed out, when the 
system is in state N(t) = n, the time until next user class j 
arrival is exponentially distributed with parameter λj(nj) (9). 

C. Arrival Rate 

The arrival rate is normalised with respect to the total 
service rate of service component j 

jj
norm
j Η= αα , (18)

meaning that different time scales are introduced for each 
service component. 

The symmetric of the arrival rate of each service component 
is given by multiplying the expectation of Λj|k by Nj, leading 
to [3], [4], 

( ) ∑ ∑
= =

⋅Λ⋅
+

⋅=⋅Λ⋅=−
app appK

k

K

k
kkjjkkjjj propNpN

1 1
|| 1 ρ

ρα
 

(19)

If the system is stationary, the average occupancy of 
component j multiplied by Nj is given by the following ratio 
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here called (the symmetric of) the normalised arrival rate, 
meaning that the service rate of service component j is 
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This does depend on mobility, because of the dependence of 
the numerator on it. If terminal mobility is considered, Λj|k 
has to be replaced by Λj|k times a factor (μk+ηk)/μk, where μk 
and ηk are the service and the cross-over rates associated 
with application k. The holding times for every service 
component should be i.i.d.. An example is the particular 
case of having exponential distributed holding times. 

The data rate associated to each application is 
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where Bsj is the data rate associated to service component j 
(note that Bsj = aj·Bs1, where Bs1 is the system basic data 



rate).  Its value does not change with the consideration of 
mobility, because when it is considered, Ηj|k and Ηk are both 
affected by the factor (ηk+μk)/μk, the simultaneous change 
being cancelled by the division. 

III. PHYSICAL AND MOBILITY SCENARIO 

The physical scenario has a cellular architecture composed 
by three cells (or ten) with the shape of a roundabout. The 
cellular architecture consists of a backbone network which 
interconnects fixed base stations, and mobile units 
communicating with the base stations via wireless links. 
Each cell has access to c=N channels.  

The call holding time is the average call duration if the call 
is not prematurely dropped, and it is assumed to be 
exponentially distributed with average 1/μ., where μ is the 
service rate. The transference of a mobile communication 
from one cell to another, while a call is in progress, is called 
handover (HO). If there are not enough channels available in 
the new cell this call will be dropped, this phenomenon is 
known as handover failure. The sojourn time is the time that 
each user stays in a cell, and it follows an exponential 
distribution with average 1/η, where η is the cross-over rate. 

The handover rate γ is given by γ=η/μ, and the channel 
occupancy time, τc, is given by the minimum between the 
call holding time and the sojourn time. As the minimum of 
two variables exponentially distributed is also exponentially 
distributed, τc is exponential. 

In a roundabout scenario, the traffic is homogeneous, Fig. 3. 
As a consequence, there is a homogeneous probability of 
generating new and handovers calls in the three cells with 
rates λi and ηi, respectively. Hence, ii ∀= λλ , ii ∀=ηη , 

and ip
Ncells

k
ki ∀=∑

=

1
1

 where pki is the probability that a call 

may attempt a handover from cell k to cell i, and Ncells is 
the total number cells in the geometry. 

In the simulation model one uses three call generators, one 
for each cell, working simultaneously. Each generator 
models the calls of one third of the users in the entire 
roundabout [5]. 

 
Fig. 3. Physical roundabout scenario. 

The new calls are generated following a Poisson distribution 
with rate λ. The offered load per application is defined as 
ρ=λ/μ. Packet switched traffic is commonly modelled as 
ON-OFF processes. Our simulator models the ON-OFF 
behaviour by using active/inactive time periods, according 
to [2]. A special model is used for real-time video-based 
applications like VTE due to the high level of burstiness 
introduced by compression techniques like MPEG-4. In 
simulations it was considered as having continuous 
occupation of channels along all the call duration. 

The definition of the main concepts and parameters enables 
the discussion of simulation results and their comparison 
with other simulation results. As these parameters are 
general the same formulas are used for different services. 
The call blocking is the ratio between the number of new 
calls that are rejected in the process of trying to obtain 
channels and the total number of new calls generated. The 
handover failure is the ratio between the number of 
handovers that are rejected at the new cell in the process of 
trying to obtain channels, and the total number of handovers 
produced. 

When the traffic is being modelled by ON-OFF periods, the 
definitions of these call level parameters will be maintained. 
However, new parameters are needed at the burst level. In 
this case, the ON-OFF blocking probability, Pb ONOFF, is the 
ratio between the number of calls that are rejected at the 
beginning of ON periods, in the process of trying to obtain 
channels, and the total number of generated ON periods [6]. 

IV. CHALLENGES 

Our simulator was used for the validation of traffic models. 
One performed a comparison between the theoretical values 
obtained by considering the Bernoulli/ Poisson/Pascal model 
for multi-service traffic [4], [6], and the results obtained by 
using the AweSim simulator [5]. Results for bursty VOI are 
presented in Fig. 4, where a comparison of theoretical and 
simulation results for Pb ONOFF is performed for different 
values of γ (VOI, c=4). Exponential distributions are 
considered for the active/inactive periods, an average 
session duration of 60 s is assumed, and the time intervals 
between arrivals are the ones presented in Table 1. For VOI, 
the theoretical and the experimental values of Pb ONOFF are 
close to each other, Fig. 4 (ρ=0.2 Erl).  

Table 1 
Time intervals between arrivals for single-service. 

ρ Time between calls [s] 
0.05 257.14 
0.10 128.57 
0.15 85.71 
0.20 64.29 

 



There is an almost perfect concordance between theoretical 
and simulation values for γ=1, i.e, when the average sojourn 
time in cells is equal to the average holding time. The curves 
for Pb and Phf  follow a similar behaviour but Phf takes lower 
values. 
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Fig. 4. Pb, Phf, Pb ONOFF and theoretical Pb ONOFF as a function 

of γ for four channels and ρ=0.2 Erl and (VOI). 

Besides the validation of the model for the bursty behaviour 
in the single-service case, one is also validating the model 
for the ,multi-service case by considering voice, VOI, video-
telephony, VTE, simultaneously. 

V. QUESTIONS 

How will it be possible to improve the validation of the 
model for multi-service? 

How can Pb and Phf be obtained from the theoretical results 
for Pb ONOFF? 
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