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REVIEW OF QUALITY OF SERVICE (QOS) MECHANISMS OVER IP MULTIMEDIA SUBSYSTEM (IMS)

Abstract

The present state of the art establishes the basis for studying different
mechanisms to provide end-to-end Quality of Service on a network over
the IP Multimedia Subsystem (IMS). Unlike traditional networks which
ensure QoS individually depending on the service provided, IMS seeks
the convergence of fixed and mobile services with Quality of Service
through a set of policies defined by operators and Service Level Agree-
ments established with their users.
Keywords: Heterogenous network, IMS, NGN, QoS, SLA.

Resumen

El presente estado del arte establece las bases para el estudio de diferentes
mecanismos para proporcionar la calidad de servicio (QoS) de extremo
a extremo en una red sobre el subsistema multimedia IP (IMS). A dife-
rencia de las redes tradicionales que aseguran la Calidad de Servicio de
forma individual dependiendo del servicio que proveen, en IMS se busca
la convergencia de servicios méviles y fijos con la Calidad de Servicio a
través de una serie de politicas que son definidas por los operadores y los
Acuerdos de Nivel de Servicio establecidos con sus usuarios.
Palabras clave: IMS, NGN, QoS, Red heterogénea, SLA.
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INTRODUCTION

The concept of next-generation networks (NGNs) was introduced to face the
reality of the telecommunications industry, characterized by open competi-
tion among operators due to the deregulation of markets, the convergence
between networks and services, and the increasing demand for multimedia
applications [1]. This reality creates challenges for operators both in their
infrastructure and in their portfolio of services; operators must quickly
adopt new technologies and the ability to develop services in a short time,
at low cost, to meet market needs [2].

Growing mobility needs and customizing services provided to consumers
have given rise to more efficient ways to provide services using any tech-
nology available at any given time; therefore, network infrastructures must
provide sufficient resources to offer value-added services. NGNs provide
a model that allows the operator to improve the provision of resources to
integrate all types of telecommunications services under a single network
infrastructure adopting internet protocol (IP); this model is referred to as
All-IP [2]. Therefore, operators can move from a model of vertical archi-
tecture, in which each service they provide has a separate infrastructure
(mobile phones, switched telephony, data networks, television networks,
etc.) with corresponding types of access, transport, control and application
infrastructure, to an independent landscape architecture in which these
services are integrated (figure 1).
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Figure 1. Horizontal and vertical telecommunication architectures [3]
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The telecommunications industry is adopting the IP Multimedia Subsystem
(1ms) as the reference architecture for the development of all telecommunica-
tions services for NGNs [4] that are able to support current telecommunica-
tions services and that will be useful in the future. One advantage of IMS
is that it integrates the concept of the convergence of services supported
by heterogeneous networks, i.e., networks of different types such as fixed,
mobile or the internet. However, IMS does not standardize applications but
facilitates access to multimedia applications and voice access to different
types of terminals and access technologies.

One of the most important aspects concerning the convergence of services
is Quality of Service (QoS) because IP networks originally lacked QoS control
mechanisms. These networks were designed to provide service delivery
without guaranteeing the reliability of the corresponding information,
depending on the amount of bandwidth required, especially for services
requiring real-time connections [5]. Based on recommendation Y.2001 [6]
of the International Telecommunication Union (ITU), the necessary features
were established to ensure end-to-end (e2e) QoS in NGNs.

Globally, Qos is currently one of the most researched areas because of its
interest to users, operators and regulators [7]. IMSis an IP-based architecture
that is constantly evolving and is heterogeneous [8] in operator networks;
it is characterized by a variety of protocols used in operator network infra-
structures. Therefore, QoS policy control has become an important research
topic [9], [10].

IP MULTIMEDIA SUBSYSTEM

The IP Multimedia Subsystemis areference architecture for next-generation
service provision standardized by the 3 Generation Partnership Project
(3GPP) and introduced into UMTS Releases 5 and 6 (March 2003). IMS allows
telecom operators to offer multimedia services, such as voice, data, video
and combinations thereof, under the same infrastructure through packet
switching networksbased onIP [11]. IMSis considered a subsystem because it
is part of a complete network in which other components are required, such
as an access network, to fully function as a service deployment system [12].
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This subsystem is important because it allows different types of access
networks to be integrated regardless of technology or internet services
combining fixed and mobile networks [13]; however, for the 3GPP IMS
described from the point of view of mobile operators (those that support
new applications), a body of standardization telecommunication members
of the European Standards Institute (ETSI) called the Telecommunications
and Internet Converged Services and Protocol for Advanced Networking
(TISPAN) adds the necessary IMS compatible with networks of fixed-operator
(convergence) specifications. The flexibility of this architecture allows for
modifications and extensions in the subsystem [14], and it also simplifies
the application design by harmonizing the ability to obtain session control
through the Session Initiation Protocol (SIP) [15].

Figure 2 illustrates the IMS architecture and its three main levels [16], which
are as follows: the multimedia services layer; the control session layer; and
the IP transport layer, in which an IMS-based network architecture enables
the convergence of different technologies for access networks, such as a
fixed network PSTN, a broadband xDSL, a wireless LAN, or 2G, 3G and 4G
cellular mobile networks.

Web Content

{’ IMS Multimedia Services - (’ B
3 @
Applications External service providers

Mobile 2G /3G / 4G PSTN - IN

Figure 2. IMS architecture of layered and access networks [16]

A distinction must be made between “IMS core” and “IMS” because the IMS
architecture refers to a “core” or “IMS core” (defined by 3GPP) in addition
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to a non-IMS subsystem number (defined by TISPAN), such as the Network
Attachment Subsystem (NASS), a Resource Admission Control Subsystem
(RACS) or the PSTN Emulation Subsystem (PES) [17]. The central components
of the IMS architecture are the Call Session (or State) Control Function (CSCF)
entities, which are actually SIP servers. These entities have specific functions
for signaling and routing traffic [18] and are located at the core level of the
Proxy-CSCF (P-CSCF), the Interrogating-CSCF (I-CSCF), the Serving-CSCF (S-
CSCF), the Home Subscriber Server (HSS) and the Application Server (AS).

‘ Multimedia Services Plane

e
T

MFC

" J

( Other networks !
. {PSTN PLMN}

IMS-MGW ”

Y
%é
-

8 = .5

Figure 3. IMS architecture of the layered components [19]
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Figure 3 shows the different types of components used in the IMS architecture
[19]; the main elements found in a basic solution are the CSCF entities. Simi-
larly, various functional entities for managing fixed and mobile networks
are defined, and some entities are responsible for contacting the transport
network to ensure QoS and prevent misuse of the services provided.

Different protocols are used by these components according to their signal-
ing function, such as session control through the Session Initiation Protocol
(stp), authentication control via Diameter or policy control by the model
Open Policy Service (COPS); the components have been standardized by the
Internet Engineering Task Force (IETF) for the purpose of adopting open
protocols used in the TCP/1IP architecture to create a flexible platform that
can be scalable and compatible with legacy networks [20]. The specification
of the functional architecture of an IMS subsystem can be found in 3GPP
23.228 [21], where interfaces, protocols and applications that can be offered
to users under the IMS network are defined.

QUALITY MECHANISMS

One of the essential criteria for evaluating a system lies in the measurement
of network performance from the points of view of deployment, operation
and customer satisfaction. For quality assessment, there are two approaches,
Quality of Experience (QoE) and Quality of Service (QosS) [22]:

* Quality of Experience is related to the satisfaction levels centered
on the user according to their expectations, perceptions and un-
derlying effect on QoS [23]. The overall effect of these factors has a
subjective evaluation that can vary between low, medium or high
percentages [24]. These parameters are focused on the user and are
of great research interest [25].

* Quality of Service provides a set of metrics focused on network
performance [26], which can be technically evaluated and are ne-
gotiated based on the possible factors that define QoE [22].

QUALITY OF SERVICE

According to ITU Recommendation E.800 [27], Quality of Service (QoS) is
defined as The totality of characteristics of a telecommunications service that
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bear on its ability to satisfy stated and implied needs of the user of the service.
IMS architecture focuses on ensuring that the applied QoS policies between
specific requests for applications (Session Initiation Protocol - SIP / Session
Description Protocol - sDP) and multimedia flows (Real-time Transport
Protocol - RTP) are defined by the network operators according to the type
of business and service requirements at the application level that are used
to manage the network resources and enhance Qos [28].

In IMS Qos, control plays an important role through a series of indicators
that allow for evaluations according to service type, such as bandwidth,
e2e delay (delay), delay variation (jitter), data rate and bit error rate [29].
Within the context of an IP network, a service refers to the overall traffic
handling of a client through a particular domain; a service is useful only if
it meets the requirements of the end user [30]. The organizations 3GPP and
TISPAN (Telecoms & Internet Converged Services & Protocols for Advanced
Networks) define a set of four classes of QoS for transport networks [19].
Corresponding to the IMS services, these requirements also apply to the
interconnection of networks that are IP-based (IP-CAN) access networks and
IMS. These four classes are listed in table 1.

Table 1. QoS classes for transport networks [13]

Class Key Attributes Utilization
Conversational ~ Responsive to delay variation, limited tolerance to packet loss AUd'ONld.eo
conversation

Responsive to but tolerant of delay variation, limited tolerance

Streaming to packet loss Video streaming
) Responsive to round-trip delay, packets transferred Collaboration,
Interactive : "
transparently with low bit error rate. conference
Background  Insensitive to delay transparently with low bit error rate. Email, IM, chat

An e2e multimedia session can traverse a series of heterogeneous admin-
istrative domains in NGNs, in which the control system of policies must be
able to guarantee the QoS resources in all domains involved (Figure 4). Each
domain defines its own mechanisms and policies for the provision of QoS
depending on the technologies that are accessible to the operator; however,
in an e2e session, a mutual negotiation of Service Level Agreements (SLAs)
between the domains involved is required. An SLA is a formal contract
[31] negotiated between two parties that defines the commitment levels
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associated with network performance and service responsiveness. The two
parties can be a user and an operator or two operators, in which case one
takes the role of customer to purchase services from another provider [32].

Session control Session control

sl A Lot —h
IMS Service QoS . QoS IMS Service
g o . Request IMS Service Request - Service
Service Originator's  peeaeeaa T it D. . peeemeaa Terminating . |
Control ./ Domain ransit Bemain Domain N Contro
'd ~N
o QoS QoS “\ Service

Service ‘N oo
Request / & i\, Connect

Media
payload

Media

Transport payload

Domain 1

Transport
Domain 2

Transport
Domain 3

Media w Media
payload payload

Figure 4. QoS management across domains [13]

Protocols for handling QoS

To provide end-to-end IP QoS at the network level, IETF has defined the reserve
model-based Integrated Services (IntServ) model for resources and traffic
prioritization based on Differentiated Services (DiffServ) [33], [34]. DiffServ is
based on the division of traffic into different classes and the prioritization of
these aggregates with a code in the datagram when congestion occurs [9]. The
nodesinthenetwork mustknow and identify the code to prioritize packets [35].

IntServ implements a channel reservation and admission control packets
through the nodes in the network using the RSVP (Resource Reservation
Protocol); the implementation consists of three types of services, controlled,
guaranteed and best effort load [36]. However, there are issues concerning
scalability and complexity, which are overcome by implementing DiffServ
[37]; all cases of interoperability between operators are based on the use of
SLAs, which is an integral part of DiffServ [38].

Policy-based QoS Architectures

To provide QoS in NGNs, the IETF organizations ETSI TISPAN and 3GPP have
defined differentarchitectures for the control of data flows. The IETF describes
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a policy framework through RFC 2753 [39] (Figure 5), which sets policy
rules defined as models that become network configurations or devices
in an administrative domain. These rules are stored in repositories called
Policy Decision Points (PDPs) and Policy Decision Functions (PDFs); these
repositories recover the rules of appropriate policies in response to requests
for policies that are generated by the QoS requirements of services [40]. The
Policy Enforcement Point (PEP) refers to the point where a server enforces
policy admission control and policy decisions in response to a transaction
request from a user who wants to access a resource on a server network.

-
UE
e&xa ® Offers services to the UE
Signaling Application AF « AcceptsSignaling
Layer® * Requests Resources for the UE
| A
p I |
\
. *  Apply Service Requests with
PUI'F\'_' PDP Subscribers profile
Decision ® Locate PEP and allocate
Layer® 1 Resources
| |
\
Policy ®  Open/Close Ports
_p mmm | Enforcement | PEP* ';aCket marl‘l““g I
0 0 L - L] esource allocation
ayer
it Y * Policing of down/uplink traffic
Audio/Video \
J
*No standardized layernames

Figure 5. IETF Policy-based Admission Control architecture [41]

The ETSI TISPAN architecture developed its own QoS assurance through the
standard ETSI ES 282 003 [42]; the architecture is called the Resource and
Admission Control Subsystem (RACS, Figure 6), whichis a subsystemrespon-
sible for NGN control element policy, resource reservation and admission
control. It is the main component that interacts with the access network and
the core network that carries a service that can affect the priorities of the
packets through the DiffServ protocol and book resources with RSVP [43].
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RACS is the logical element of the largest network that allows for interaction
between the service layer, the transfer functions of the control resources
and QoS support within the respective NGN [44].

UE __ | | L
Applicati
Signaling pplication
i ~ P-CSCF - 1BCF
Policy
Decision

'a

)
Re. .
_ | Policy | L
[ Enforcement
D | e RCEE C-BGF I-BGF
J

Audio/Video \_

*No standardized Layernames

Figure 6. ETSI TISPAN RACS architecture [41]

3GPP is defined in TS 23.203 [45] and specifies one policy-based Qos called
PPC (Policy and Charging Control, figure 7) from the standpoint of the
mobility architecture that was introduced in 3GPP R7 [46]. The entity PCRF
(Policy and Charging Rules Function) is responsible for policy and charg-
ing control; the Execution Policy and Charging Function (PCEF) associates
reference points to them [47]. The concept and the QoS architecture used
by the 3GPP specification are described in 3GPP Ts 23.107 [48]. The concept
of end-to-end QoS architecture used by the 3GPP specifications is described
in 3GPP TS 23.207 [49]. The PCC architecture is flexible and applicable to a
variety of services, access networks and load models; however, it is not
well adapted to multimedia service requirements that are dynamically
negotiable with QoS according to changing conditions in the network [50].
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Figure 7. 3GPP PCC architecture [41]

QUALITY OF SERVICE MANAGEMENT

To implement the various policies of quality of service management archi-
tectures described above, it is necessary to make a study of the parameters
involved in ensuring the selected service according to 3GPP Ts 23.107 [48],
3GPP TS 23.203 and 3GPP TS 23.207 [49].

Traffic Policing

This mechanism refers to the packets that are discarded by limits or oper-
ating policies, dropping packages that have the lowest priority while are
being send. This mechanism is used in routers and is applied to IP packets
oninputand outputinterfaces [51], depending upon the following variables
according to the RFC 2698 [52]:

+ PIR (Peak Information Rate): maximum transmission rate of a client
in bits/s and previously agreed between customer and operator
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with any type of contract or service level agreement (SLA). The PIR
can never be greater than the capacity of the line provided by the
operator [53].

+ CIR (Committed Information Rate): average rate of long-term traffic
that the operator undertakes to provide a customer with a contract
or service level agreement (SLA). This parameter is measured in
bits/s and is generally less than PIR. In any case, the CIR can never
be greater than the PIR [53].

« CBS (Committed Burst Size): Maximum burst size allowed on the
network. Specifies the maximum number of bytes that can be trans-
mitted to the PIR, while complying with the agreement of the CIR [53].

«  DPBS (Peak Burst Size): similar to CBS but defined with respect to PIR
instead of regarding the CIR parameter [53].

Traffic Shaping

Traffic shaping uses a policy based on queueing and subsequent extrac-
tion of packets to maintain the rate of the traffic. Unlike traffic policing, the
original characteristics and traffic delays disappear due to the eueue [53].
It is widely used by service providers and users to always guarantee the
contracted bandwidth [51].

Quality of Service Attributes related to Policy Desition Point

The Release 99 of 3GPP recommendations defines QoS attributes such as
Traffic class (Table 1), Delivery order, SDU format information, SDU error
ratio, Maximum SDU size, Maximum bit rate for uplink, Maximum bit rate
for downlink, Residual bit error ratio, Transfer delay, Traffic-handling
priority, Allocation/retention priority, and Guaranteed bit rate for uplink
and Guaranteed bit rate for downlink [52].

QoS parameters related to policy control

Thefollowing mechanisms (figure 8) are managed by the PCRF [54] toensure the
traffic over the LTE (Long Term Evolution) and LTE-Advanced networks [55]:
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Diffserv CodePoint (DSCP) Bearer Identifier [:> QoS parameters

C11 ] 1. QoS Class Identifier (QCI)

N . s 2 Allocation Retention Priority (ARP)
Tunnel IP Packet 3. Guaranteed Bit Rate (GBR)
Header E2E 4. Maximum Bit Rate (MBR/AMBR)

Figura 8. Policy and Control QoS Parameters [55]

* QoS Class Identifier (QCI) is a scalar valor that control packet for-
warding treatment (for example, scheduling weights, admission
thresholds, queue management thresholds, link layer protocol
configuration and so on) [52].

Table 2. QCI standardized values [55]

Resource . Packet Delay ~ Packet Error .
QcCl Type Priority Budget Loss Example Services
1 2 100 ms 10-2 Conversational Voice
2 4 150 ms 10-3 Conversational Video
3 GBR 3 50 ms 10-3 Real Time Gaming
4 5 300 ms 10-6 Non-ConversationaI_Video (Buffered
Streaming)
5 1 100 ms 10-6 IMS Signalling
Video (Buffered Streaming) TCP-
6 6 300 ms 10-6 Based (for example, www, email,
chat, ftp, p2p and the like)
7 7 100 ms 10-3 Voice, Video _(Live Str_eaming),
Interactive Gaming
Non-GBR Video (Buffered Streaming) TCP-
8 8 Based (for example, www, email,
chat, ftp, p2p and the like)
300 ms 10-6 Video (Buffered Streaming) TCP-
9 9 Based (for example, www, email,

chat, ftp, p2p and the like). Typically
used as default bearer

* Allocation and Retention Priority (ARP) It is used as an indicator of
priority setting processes or modification of an EPS bearer service
enabling the network to decide whether to accept these processes
depending on available resources [55].
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«  MBR (Maximum Bit Rate) indicates the maximum number of bits
delivered to the network or by the network within a period of time
[52].

* Guaranteed Bit Rate (GBR) indicates the guaranteed number of
bits delivered to the network or by the network within a period
of time [52].

DISCUSSION

The central problem is to provide consistent end-to-end QoS to an IP ser-
vice in such a way that the requested QoS requirements are met when the
deployment of a service infrastructure involving two or more operators,
being autonomous networks whose administrative domains, are managed
according to their own policies.

Although operators must agree on QoS requirements for a particular service
among a set of IP services, operators do not configure their networks in the
same way. On the other hand, operators and service providers have their
own internal topologies and QoS mechanisms that depend on their devices
and other management requirements that are non-technical, and it is ob-
served that the IMS has become the defacto standard in the deployment of
LTE networks, due to its open interfaces for deploying converged services.
Further studies should consider this reality taking as baseline the Policy and
Charging Control framework defined by 3GPP. That is why it is necessary to
develop a guideline that allows operators to maintain a consistent level of
Qos interconnections without depending on the complexity of the network.

Similarly, the regulatory aspects regarding the quality of service must be
taken into consideration by the regulator. In the case of Colombia, the CRC
has been working on issues relating to the adoption of next-generation net-
works by the industry group [56], which aims to promote' “...cooperation
among all industry players involved in the development and deployment
of NGN as well as to track the evolution of the same...” in order to guarantee
SLA compliance for the user and address the implications of the adoption
of these technologies in terms of the convergence of services and markets.

1 4

thttp:/ /www.grupoindustriangn.gov.co/index.php/quienes-somos
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CONCLUSIONS

The evolution of operator infrastructure has led to the implementation of
softswitches that allow migration to an All-IP network. However, the IMS
architecture has been dominating industry due to its open interfaces for
the deployment of converged services. The main challenge is to provide a
consistent end-to-end Quality of Service through an IP service, such that the
requested QoS requirements are satisfied when the deployment of a service
involves theinfrastructure of two or more operators, which are autonomous
networks whose administrative domains are managed according to their
own policies. Although operators must agree on the QoS requirements for
a particular service among a set of IP services, operators do not configure
their network devices in the same way because they have their own internal
topology and QoS mechanisms that depend on their network devices and
other non-technical management requirements.

REFERENCES

[1] UIT, Recomendacion UIT-T Y.2021 : Subsistema multimedios IP (IMS) para las
redes de proxima generacion. 2006, pp. 1-14.

[2] Telefénica, Las Telecomunicaciones y la Movilidad en la Sociedad de la Informacion.
Albadalejo, 2005.

[3] P.Podhradsky, “New Multimedia Applications based on IMS NGN Archi-
tecture”, in Systems, Signals and Image Processing (IWSSIP), 2011 18th Interna-
tional Conference on, 2011, pp. 1 - 4.

[4] N. Pignataro, P. Cristiani, D. Belotti, and P. R. Bocca, Aspectos Técnicos de las
Nuevas Tecnologias de Telecomunicaciones -“Diplomado en NGN” - Mddulo 3.
ANTEL, 2010.

[5] G.Camarillo and M.-A. Garcia-Martin, The 3G IP Multimedia Subsystem (IMS):
Merging the Internet and the Cellular Worlds, 3** ed. Wiley, 2008.

[6] UIT, Recomendacién UIT-T Y.2001 :Vision general de las redes de proxima genera-
cion. 2004, pp. 1 - 10.

[7] D.Blandén, Y. Diaz, F. G. Guerrero, J. C. Cuellar, A. Navarro C., y C. Ochoa
A., Medicion de la calidad del servicio en Redes de Proxima Generacion en Colombia.
Centro de Investigacion de las Telecomunicaciones (CINTEL), 2010.

[8] E. Imene, D. Thierry, S. Michelle, and S. Tabbane, “Interworking Compo-
nents for the end-to-end QoS into IMS-based architecture mono provider”,

Ingenierfa y Desarrollo. Universidad del Norte. Vol. 35, n.° 1: 262-281, 2017 277
ISSN: 0122-3461 (impreso)
2145-9371 (on line)



Mauricio Alexander Vargas Rodriguez
Ernesto Cadena Mufioz

in Computers and Communications (ISCC), 2010 IEEE Symposium on, 2010, pp.
628-633.

[9] M. Jian-jun and X. Zi-ping, “Research of the QoS guaranty system in IMS
based on MPLS”, in 2011 International Conference on Electronics, Communica-
tions and Control (ICECC), 2011, pp. 403-406.

[10] J. Liao, Q. Qi, T. Li, Y. Cao, and X. Zhu, “An optimized QoS scheme for IMS-
NEMO in heterogeneous networks”, Int. ]. Commun. Syst., vol. 25, n°. 2, pp.
185-204, 2012.

[11] M. Ilyas and S. A. Ahson, IP Multimedia Subsystem (IMS) Handbook, 1st ed.
CRC Press, 2008.

[12] A. Handa, System Engineering for IMS Networks, 1st ed. Newnes, 2008.

[13] R. Copeland, Converging NGN Wireline and Mobile 3G Networks with IMS: Con-
verging NGN and 3G Mobile, 1st ed. Auerbach Publications, 2008.

[14] P. Podhradsky, R. Kadlic, J. Londak, O. Labaj, and D. Levicky, “Enhanced
ICT in Virtual Training and m-learning”, in ELMAR, 2011 Proceedings, 2011,
n°. September, pp. 14-16.

[15] P. Bellavista, A. Corradi, and L. Foschini, “IMS-based presence service with
enhanced scalability and guaranteed QoS for interdomain enterprise mobil-
ity”, IEEE Wirel. Commun., vol. 16, n°. 3, pp. 16 - 23, 2009.

[16] M. Navarro and V. Rodriguez, “An IMS Architecture with QoS Parameters
for Flexible Convergent Services”, in Computers and Communications (ISCC),
2010 IEEE Symposium on, 2010, pp. 640-645.

[17] N. Pignataro, P. Cristiani, D. Belotti, and P. R. Bocca, Aspectos Técnicos de las
Nuevas Tecnologias de Telecomunicaciones -“Diplomado en NGN” - Modulo 4.
2010.

[18] K. Al-Begain, C. Balakrishna, L. A. Galindo, and D. M. Fernandez, IMS - A
Development and Deployment Perspective, Wiley, 2009.

[19] N. Psimogiannos, A. Sgora, and D. D. Vergados, “An IMS-based network
architecture for WiMAX-UMTS and WiMAX-WLAN interworking”, Comput.
Commun., vol. 34, n°. 9, pp. 1077-1099, June 2011.

[20] T. Russell, The IP Multimedia Subsystem IMS - Session Control and Other Net-
work Operations, McGraw-Hill-Osborne Medjia, 2007.

[21] 3GPP, 3GPP TS 23.228 IP Multimedia Subsystem (IMS); Stage 2 (Release 14), vol.
1, 2016, pp. 0 - 316.

[22] K. L. Lakhtaria, “Enhancing QOS and QOE in IMS enabled next generation

networks”, Int. J. Appl. graph theory Wirel. ad hoc networks Sens. networks, vol.
2,n°. 2, pp. 61-71, 2010.

278 Ingenieria y Desarrollo. Universidad del Norte. Vol. 35, n.° 1: 262-281, 2017
ISSN: 0122-3461 (impreso)
2145-9371 (on line)



REVIEW OF QUALITY OF SERVICE (QOS) MECHANISMS OVER IP MULTIMEDIA SUBSYSTEM (IMS)

[23] T. Truong, T. Nguyen, and H. Nguyen, “On Relationship between Quality of
Experience and Quality of Service Metrics for IMS-Based IPTV Networks”, in
Computing and Communication Technologies, Research, Innovation, and Vision for
the Future (RIVF), 2012 IEEE RIVF International Conference on, 2012, pp. 1 - 6.

[24] H. Koumaras, N. Zotos, L. Boula, and A. Kourtis, “A QoE-aware IMS Infra-
strusture for Multimedia Services”, in Ultra Modern Telecommunications and
Control Systems and Workshops (ICUMT), 2011 3rd International Congress on,
2011, pp.1-7.

[25] A. Cuevas and J. I. Moreno, “Managing QoS-enabled * information transport
" as any other service in NGN service platforms”, in Wireless Communications
and Networking Conference (WCNC), 2010, pp. 1-6.

[26] V. Joseph and B. Chapman, Deploying QoS for Cisco IP and Next Generation
Networks: The Definitive Guide, Morgan Kaufmann, 2009.

[27] UIT-T, Recomendacion UIT-T E.800 Definiciones de términos relativos a la calidad
de servicio. 2008, pp. 1 - 34.

[28] B. Yu, D. Yu, J. Jia, and J. Lin, “A Review of the Policy-Based QoS Archi-
tecture in IMS”, in 2010 First International Conference on Pervasive Computing,
Signal Processing and Applications, 2010, pp. 175-178.

[29] B. Raouyane, M. Bellafkih, and D. Ranc, “QoS Management in IMS: DiffServ
Model”, in 2009 Third International Conference on Next Generation Mobile Ap-
plications, Services and Technologies, 2009, pp. 39-43.

[30] J. W. Evans and C. Filsfils, Deploying IP and MPLS QoS for Multiservice Net-
works: Theory & Practice, Morgan Kaufmann, 2007.

[31] B. Raouyane, M. Bellafkih, M. Errais, D. Leghroudi, D. Ranc, and M. Ramda-
ni, “eTOM Business Processes Conception in NGN Monitoring”, in Advanced
Research on Computer Education, Simulation and Modeling International Confer-
ence, 2011, pp. 136-143.

[32] M. Ageal, R. Good, A. Elmangosh, M. Ashibani, N. Ventura, and F. Ben-,
“Centralized policy provisioning for inter-domain IMS QOS”, in EUROCON
2009, 2009, pp. 1793-1797.

[33] M. S. Siddiqui, R. A. Shaikh, and C. S. Hong, “QoS Control in Service Deliv-
ery in IMS”, in Advanced Communication Technology, 2009. ICACT 2009. 11"
International Conference on, 2009, pp. 157-160.

[34] M. Bellafkih, D. Ranc, and R. Mohammed, “INQA: Management project of
QoS in an architecture IMS”, in Multimedia Computing and Systems, 2009. IC-
MCS '09. International Conference on, 2009, pp. 1-6.

Ingenierfa y Desarrollo. Universidad del Norte. Vol. 35, n.° 1: 262-281, 2017 279
ISSN: 0122-3461 (impreso)
2145-9371 (on line)



Mauricio Alexander Vargas Rodriguez
Ernesto Cadena Mufioz

[35] D. Segura and F. Gonzalez, “Comportamiento de los servicios diferenciados
(DiffServ) y los servicios integrados (IntServ) en redes IP pequefias”, Redes
Ing.,vol. 2,n° 1, pp. 4 - 18, 2011.

[36] T. Mécha, L. Nagy, Z. Martindsek, and V. Novotny, “IMS Mapping of QoS
Requirements on the Network Level”, Elektrorevue, vol. 1, n°. 2, pp. 22-27,
2010.

[37] S. Zorit and M. Boliti, “QoS signalling in IP multimedia subsystem of UMTS”,
in ELMAR, 2009, n°. September, pp. 28-30.

[38] D. Wisely, IP for 4G, Chichester, UK: John Wiley & Sons, 2009.

[39] R. Yavatkar, D. Pendarakis, and R. Guerin, “RFC 2753 - A Framework for
Policy- Based Admission Control.” 2000.

[40] S. Venkataram and P. Venkataram, “Transaction-based QoS management in
a Hybrid Wireless Superstore Environment”, I.]. Comput. Netw. Inf. Secur.,
vol. 3, n°., pp. 1-11, June 2011.

[41] C. Egger, M. Happenhofer, ]J. Fabini, and P. Reichl, “BIQINI - A Flow-Based
QoS Enforcement Architecture for NGN Services”, in Testbeds and Research
Infrastructures, Development of Networks and Communities, 2011, pp. 653-667.

[42] ETSI, ES 282 003 - V3.4.0 - Telecommunications and Internet converged Services
and Protocols for Advanced Networking (TISPAN); Resource and Admission Con-
trol Sub-System (RACS): Functional Architecture, vol. 0. 2009, pp. 1 - 181.

[43] A.Bellabas and A. K. Najah, “Convergent IPTV Services over IP Multimedia
Subsystem”, in Wireless Personal Multimedia Communications (WPMC), 2011
14" International Symposium on, 2011, pp. 1-5.

[44] M. Samie, H. Yeganeh, and M. Shakiba, “A Proposed Model for QoS Provi-
sioning in IMS-Based IPTV Subsystem”, in 2009 Fourth International Confer-
ence on Systems and Networks Communications, 2009, pp. 113-118.

[45] 3GPP, 3GPP TS 23.203 Policy and charging control architecture (Release 14), vol.
0. 2015, pp. 0-245.

[46] T. Grgic, N. Boskovic, and M. Matijasevic, “QoS-enabled IPv6 Emulation En-
vironment Based on the Open IMS Core”, in Software, Telecommunications and
Computer Networks (SoftCOM), 2011 19" International Conference on, 2011, pp.
1-5.

[47] O. Magnus, S. Shabnam, R. Stefan, F. Lars, and C. Mulligan, SAE and the
Evolved Packet Core: Driving the Mobile Broadband Revolution, Academic Press,
2009.

[48] 3GPP, 3GPP TS 23.107 Quality of Service (QoS) concept and architecture (Release
13), vol. 0. 2015, pp. 0-42.

280 Ingenieria y Desarrollo. Universidad del Norte. Vol. 35, n.° 1: 262-281, 2017
ISSN: 0122-3461 (impreso)
2145-9371 (on line)



REVIEW OF QUALITY OF SERVICE (QOS) MECHANISMS OVER IP MULTIMEDIA SUBSYSTEM (IMS)

[49] 3GPP, 3GPP TS 23.207 End-to-end Quality of Service (QoS) concept and architec-
ture (Release 13), vol. 0. 2015, pp. 0-39.

[50] T.Grgic and M. Matijasevic, “Online charging in IMS for multimedia services
with negotiable QoS requirements based on service agreements”, Int. J. Intell.
Inf. Database Syst., vol. 4, n°. 6, pp. 656 - 672, 2010.

[51] J. C. Cuéllar Quifionez, Caracterizacion de Mecanismos de QoS utilizados en Re-
des NGN: Simulacion e Implementacion. LAP Lambert Acad. Publ., 2011.

[52] Cisco, “Quality of Service (QoS) Management for SGSN”, Cisco, 2016. [On-
line]. Available: http://www.cisco.com/c/en/us/td/docs/wireless/asr_
5000/20/sGsN/b_20_sGSN_Admin/b_20_sGSN_Admin_chapter_011011.pdf.

[53] F. J. Ramos de Santiago, “Analisis e implementacién de un sistema real de
medida de ancho de banda”, Universidad Auténoma de Madrid, 2010.

[54] Mpirical, “Policy and charging control Fundamentals”, in IMS & PCC System
Engineering, 2015, pp. 0 - 28.

[55] D. F. Rueda Pepinosa, “Marco de referencia técnico para el despliegue del

servicio de IPTV sobre redes méviles LTE (Long Term Evolution) con calidad
de servicio (QoS)”, Universidad Nacional de Colombia, 2013.

[56] G.I. NGN, “Acta grupo industria.pdf”. Bogota, p. 2, 2011.

Ingenierfa y Desarrollo. Universidad del Norte. Vol. 35, n.° 1: 262-281, 2017 281
ISSN: 0122-3461 (impreso)
2145-9371 (on line)



