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Abstract. This paper deals with the quality of service in IP Multimedia Subsystem networks. The evaluation
of Quality o Service (QoS) is done through admission control methods. We analyse various methods, which are
based on the traffic measurement. The approach that can be applied in finding the suitable admission control
method while considering selected QoS parameters is described. Different important QoS parameters can be
defined, however we decided to focus on the loss parameter. In our simulations we have used Simple Sum
method. Based on the simulation results, we have used new algorithm. The main difference is that it uses
the mechanism of time window for achieving more accurate traffic estimate. Algorithm Measured Sum with
implementation of time window T has better ability to predict the traffic fluctuation. Compared to the Simple
Sum algorithm it achieves lower link utilisation, but also lower level of loss ratio.

1 Introduction

The IP Multimedia Subsystem (IMS) is an architectural
framework for delivering Internet Protocol multimedia
services [1]. IMS provides real-time multimedia sessions
(VoIP, IPTV, conference session, etc.) [2]-[4] and non
real-time multimedia sessions (Push to talk, Presence, In-
stant Messaging) over an IP network. Within the IMS
framework the question of security, signalisation (H.248,
MGCP, SIP and Diameter) and Quality of Service (QoS)
[10], [11] are being discussed among the telecommunica-
tion companies, researchers and academics [12]-[15]. The
goal of the IMS technology is to unify the mobile and fixed
communication with IP technologies. This convergence
could provide many options and services to users. IMS
can provide interoperability between fixed and mobile net-
works and can also ensure the transfer of services.

The fact that IP belongs to the group of connectionless
protocols causes multiple problems from the perspective
of QoS. In this type of networks it is problematic to ensure
acceptable levels of parameters like delay, jitter, or loss
ratio. Solutions to this are therefore being investigated.

Admission control (AC) is an important tool for en-
suring the QoS in IP networks. AC can be defined as a
set of principles used to protect the network from over-
loading and it is also responsible for efficient utilisation of
network resources [18]. This type of control mechanism
should be implemented mostly in access networks in the
nodes where the traffic is aggregated. The AC methods
replaced its predecessor, Connection Admission Control
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(CAC), known from the ATM technology. Many scientific
papers presenting the research on CAC [5]-[9].

The goals of admission control methods are: to guar-
antee the quality of the service for the newly accepted con-
nection without limitation of the other existing connec-
tions, to decide quickly with minimal delay and efficient
use of the bandwidth capacity.

The admission control methods are divided into two
groups: PBAC (Parameter Based Admission Control) and
MBAC (Measurement Based Admission Control). PBAC
methods are based on the technical parameters of the net-
work in which they are used.

• PBAC methods: are based on the technical parameters
of a network or data source (e.g. peak rate of data flow
or efficient use of bandwidth),

• MBAC methods: uses real-time network traffic mea-
surement. Based on this measurement and QoS require-
ments the MBAC method decides about new connec-
tion. For this measurement it is necessary to have infor-
mation about the available bandwidth and some infor-
mation about the data source that requests the connec-
tion. Compared to the PBAC methods, MBAC methods
uses network resources more effectively

In IMS network the AC algorithms are implemented in
the RACS (Resource and Admission Control Sub-system)
block [16], [17]. RACS reserves appropriate resources and
allow the requirement assuming policies, and required re-
sources in the transport network are available. RACS pro-
vides the means for operators to promote admission con-
trol and option to set policies for service providers. In pro-
viding QoS influencing factor is admission control, pro-
viding to permit or to denial connection with allocating
the required bandwidth. Element of RACS is responsible
for admission control, while for defining its architecture
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is necessary to determine the possible QoS management
functions in fixed networks.

The rest of this paper is organized as follows: Sec-
tion 2 is devoted to the TISPAN RACS architecture. In
Section 3 there are information about Measurement based
admission control methods. The subsection 3.1 represents
the most used MBAC algorithms. The section 4 brings in-
formation about simulation principle and results. In this
section are information about Simple sum algorithm and
Measured Sum algorithm with time window.

2 RACS Architecture

TISPAN (Telecommunications and Internet Converged
Services and Protocols for Advanced Networks) archi-
tecture is based on the NGN (Next Generation Network)
from ITU-T (International Telecommunication Union -
Telecommunication Standardization Sector). TISPAN ar-
chitecture is modular and block based. This means that
in the future it is possible to add additional subsystems to
existing subsystems to, which would provide new types of
services. The service layer consists of following parts:

• IMS core,

• PSTN/ISDN emulation subsystem,

• other multimedial subsystems and applications,

• subsystems that are required for application access,
profile management, security management, routing
databases,etc.

Figure 1 shows the functional architecture of TISPAN
RACS [23]. This block is composed of two parts:

• Service-based Policy Decision Function (SPDF),

• Access-Resource and Admission Control Function (A-
RACF).

Transport layer consists of two interworking entities:

• Border Gateway Function (BGF),

• Resource Control and Enforcement Function (RCEF).

Figure 1. TISPAN RACS architecture

SPDF (Service Policy Decision Function) provides an
interface for the service layer, while hiding the informa-
tion about RACS and the network topology. The function

of SPDF in the AC process is verifying, if the resource al-
location request from AF complies with the defined rules.
The local policy for is changed based on the incoming re-
quest. A change can be observed in the settings of QoS
request for IP protocol. SPDF then locates the BGF and
A-RACF, which will request the allocation of resources.

The A-RACF checks if the amount of requested band-
width is compatible with the corresponding portion of the
subscriber access profile, which may be received from the
NASS over the e4 reference point, and the amount of band-
width remaining taking into account existing reservations.
RACF can accept QoS requirements from SPDF through
reference point Rq, from RCEF (Resource Control and En-
formcement Function) through reference point Re.

BGF (Border Gateway Function) provides interface
between two IP transport domains (access and core net-
work.)

3 Measurement Based Admission Control

The principle of Measurement Based Admission Control
(MBAC) (Fig. 2) consist of three basic elements:

• admission decision algorithm,

• traffic estimator,

• resource estimator

Figure 2. Measurement based admission control

MBAC algorithm measures the traffic and the amount
of remaining system resources, e.g. available bandwidth,
buffer size. Traffic estimator predicts the traffic in the sys-
tem, its properties and the number of accepted data flows
based on the conducted measurements. Resource estima-
tor predicts the amount of spare resources in the system.
MBAC algorithm decides if the requesting flow will be
admitted, based on the input from the estimation elements
[19]. From the basic definition of admission control it is
clear, that the final decision is also based on the properties
of the incoming flow, more specifically the requested QoS
and its operational description.

3.1 MBAC Algorithms

Simple Sum
Simple Sum is the first of the admission control algo-

rithms. It evaluates if the sum of admitted data flows is not
exceeding the link capacity. New flow is admitted, if the
following condition is met:
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[19]. From the basic definition of admission control it is
clear, that the final decision is also based on the properties
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and its operational description.

3.1 MBAC Algorithms

Simple Sum
Simple Sum is the first of the admission control algo-

rithms. It evaluates if the sum of admitted data flows is not
exceeding the link capacity. New flow is admitted, if the
following condition is met:

mi + m < C (1)

m is the measured load of existing traffic, mi is the
peak rate of the new flow and C is the bandwidth [20].

Measured Sum
Measured Sum is one of the most simple algorithms of

MBAC methods. It measures the existing load in the sys-
tem. The incoming data flow is accepted, if the following
condition is satisfied:

mi + m < αC (2)

m is the measured load of existing traffic, mi is the
peak rate of the new flow i, α is the required link utilisation
from interval (0,1) [21] and α.C is the overall bandwidth
[bit/s]. MBAC methods are not suitable when the delay is
too big. This occurs with a high link utilisation. Therefore
the required link utilisation α is used in the decision
making process.

Hoeffding Bound
The basic principle of the Hoeffding Bound algorithm

is calculation of the equivalent bandwidth of actual traffic
CH . If the peak rate of the new flow p and equivalent band-
width of actual traffic summation is smaller than the link
capacity, the incoming data flow will be accepted. Other-
wise it will be rejected, according to the equation:

CH + p ≤ C (3)

The equivalent bandwidth of actual traffic is calculated
as follows:

CH = v +

√
ln( 1
ε
)
∑n

i=1(pi)2

2
(4)

Where n is the number of acceted flows, v is the value
of current traffic, estimated by the exponential averaging
measurement mechanism, pi the peak rate of the admitted
data flow i, ε is the required loss [22].

After accepting the new flow, the load estimation is
increased by the value v + p.

Tangent at Peak
Algorithm Tangent at Peak uses a similar principle as

the previous one. The following equation describes the
new data flow acceptance criterion:

np(1 − e−sp) + e−spv ≤ C (5)

where n is the number of accepted flows.

Tangent at Origin
Algoritm Tangent at Origin is described with the fol-

lowing equation:

e−spv ≤ C (6)

3.2 Traffic Estimation Mechanisms

The measurement mechanisms used for estimating the
traffic load are an important tool when dealing with
MBAC methods. The obtained output contains infor-
mation essential for making a decision about the new
incoming data flow.

Time Window
Time window is a measurement mechanism used in the

MS algorithm. It uses the time window for measuring the
network traffic load. The principle of this mechanism is
shown in Figure 3. In every sampling period S the average
load of the system is calculated. A new estimated load is
set in the end of every time window T as the highest calcu-
lated average of the current time window. In case of admit-
ting a new flow to the system, the estimate increases by its
value. If the new calculated average is higher than the es-
timated load, the estimated value is changed to match the
value of the calculated average. In the end of every time
window T is the estimate set as the current load measured
in the previous time window [15].

Figure 3. Measurement based admission control

4 Simulation principle

The aim of this part of the paper is describing a process of
AC method simulation. This outline will present methods
Simple Sum and Measured Sum.

The specification of RACS in TISPAN architecture
does not define any specific AC method to be used. Choos-
ing the most appropriate approach is left for the network
administrator or system designer and is done based on the
traffic characteristics and system type.

For simulating the admission control methods, pro-
gram Matlab has been used. Matrix of dimensions n x
n is generated to be used as a source of input data, repre-
senting the incoming traffic. Every line of the matrix cor-
responds to one data flow with a variable data rate, while
the columns represent time t.

Each value stored in the matrix represents data rate rp

in bits per second and is generated using a random num-
ber generator with uniform distribution. Peak rate of the
data flows is set for 64 kbit/s (data flow range 0-64 kbit/s
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Figure 4. Representation of data flows winth matrix n x n

has been chosen to avoid computational complexity and
doesn’t influence the results). The Figure 5 shows an ex-
ample of data flow with a variable data rate.

Figure 5. Example of single data flow

Individual data flows which form the entire traffic se-
quentially enter the network router, where MBAC algo-
rithm is applied. The system bandwidth has been set as 10
Mbit/s. Network implementation is shown in the Figure 5.

Figure 6. Example of single data flow

Parameters which are monitored during a chosen time
interval are: link utilisation, number of transferred and lost
bits, bit loss ratio and number of data flows admitted to the
system. Every simulation has been repeated 200 times to
ensure higher statistical relevance. Results presented in
the paper are medians of the mentioned parameters.

4.1 Simple Sum Algorithm

Simple Sum is the basic and most simple MBAC algo-
rithm. The Figure 6 shows the flowchart of this algorithm.

Matrix generated for the Simple Sum algorithm is pre-
sented in the Figure 7. Considering the simplicity of this

Figure 7. Flowchart of the Simple Sum algorithm

algorithm, it is possible to demonstrate the calculation di-
rectly on the input matrix. Accepting a new data flow
is possible, if the sum of all flows already active in the
network and the current measured value of the request-
ing flow is lower than the bandwidth (7). The result has
to be only considered an estimate, as after admitting the
new data flow into the system it is not guaranteed that the
mentioned condition will still be met in t+1 (8). This situ-
ation can happen if data flow present in the network starts
to transmit more data after a period of inactivity, or if the
data rate of the newly admitted flow rises in time t+1. This
scenario leads to exceeding the link capacity and increased
loss ratio.

Figure 8. Input matrix for Simple Sum algorithm

j−1∑
n=1

rpnt + rpjt < C (7)

j∑
n=1

rpn(t+1) < C (8)

4.2 Measured Sum Algorithm with Time Window

Measured sum is an algorithm which is based on previ-
ously mentioned Simple Sum. The main difference is that
it uses the mechanism of time window. The goal of this
algorithm is to achieve more accurate traffic estimation.
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4.2 Measured Sum Algorithm with Time Window

Measured sum is an algorithm which is based on previ-
ously mentioned Simple Sum. The main difference is that
it uses the mechanism of time window. The goal of this
algorithm is to achieve more accurate traffic estimation.

Table 1. Input simulation parameters

parameters values
bandwidth 10 Mbit/s
simulation duration 7000s
number of flows 7000
measured section 5500 - 6500 s
number of repeated simulations 200
peak rate 64 kbit/s

Table 2. Input simulation parameters of Measured Sum
algorithm

parameters values
T 50
S 10s
peak rate 0.95

Flowchart of Measured Sum algorithm is shown in the Fig-
ure 8.

Figure 9. Flowchart of Measured Sum algorithm with time win-
dow T

4.3 Input Parameters of Simulated Algorithms and
Results

Parameters of the simulations and each MBAC algorithm
are shown in Table 1 and 2. In Table 3 the results are
presented.

4.4 Evaluation of Simulation Results

In the simulations, the monitored parameters were: link
utilisation, loss and number of flows admitted to the sys-

Table 3. Simulation results

algorithm utilisation [%] loss [%] data flows
Simple Sum 100 5.30 1346
Measured Sum 95.72 0.80 1199

tem. The key QoS parameter we focused on in evaluation
was loss.

The Simple Sum algorithm is unable to predict traffic
fluctuation, which is the reason for the loss ratio result of
5,3%. It was, however, able to accept more data flows
into the system than the second simulated method. The
main advantage of this algorithm is its simplicity and low
computational complexity, which may prove to be a key
benefit in comparison with other methods.

Algorithm Measured Sum with implementation of
time window T has better ability to predict the traffic
fluctuation. Compared to the Simple Sum algorithm it
achieves lower link utilisation, but also lower level of loss
ratio. Using this algorithm resulted in less smaller number
of data flows admitted to the network. From the properties
of Measured Sum, we can also say, that its computational
complexity is higher than the one of Simple Sum algo-
rithm. It is necessary for AC algorithms to be not only
efficient, but also quick to make the necessary decisions.
Otherwise it could lead to inefficient usage of network re-
sources and throttled traffic.

5 Conclusion

In this paper, we focused on the admission control meth-
ods in IP Multimedia Subsystem. We analysed various
methods that are based on the traffic measurements. Based
on the Simple sum method, we have used admission con-
trol method that uses the mechanism of time window. This
method has better ability to predict the traffic fluctuation.
In our simulations we focused on the loss parameter. The
goal is to achieve better traffic estimation. At the end of
the paper we have compared the Simple Sum algorithm
with the admission control method with the time window
mechanism.

For future work, it is important to perform and test
the simulations with different data sets (VoIP, IPTV and
data) to compare the results of chosen QoS parameters
and eventually choose the correct method to be used in
RACS block. The right choice of AC method is a key
factor in maintaining a balance between efficient link utili-
sation and providing the appropriate QoS parameter levels.
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