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Abstract
This article gathers relevant information that sheds light into the basic 
principles that motivated the study of the so called Next Generation 
Networks (NGN). The concepts presented herein include the most 
recent studies and standards that have been proposed for a suitable 
operation of NGN. The issues associated to the use of new types of net-
works and services are illustrated and analyzed; in particular the article 
illustrates important aspects issues like network architecture, network 
management and mobility. Additionally, trends for future studies are su-
ggested according to the main challenges of NGN. The current trend 
suggests that certain key aspects are yet to be solved before establish 
the actual owner of an NGN network.
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*	 ITU: International Telecommunication Union.

1. Introduction

At present, technological convergence has 
allowed gradual integration of various types 
of heterogeneous network infrastructures, 
which are capable of offering added-value 
services as well as guaranteeing the Qua-
lity of Service (QoS) provided by the trans-
port layer. This type of suitable convergence 
has been termed Next Generation Network 
(NGN). However, such a continuous techno-
logical shift makes us wonder about the type 
of network architecture we are facing, namely 
about a somewhat unusual architecture in 
which services play a fundamental role [1]. In 
the last decade, this service-driven philoso-
phy of network design has promoted the use 
of reusable components so as to efficiently sup-
port the sort of uninterrupted services that 
operate using different types of networks. To 
this end, a series of high-level interfaces have 
been created in order to guarantee a suc-
cessful deployment of the so called Service 
Oriented Architecture model (SOA). 

Communication networks evolution, from 
traditional networks to NGN, has relied upon 
appropriate convergence of applications and 
services. Within NGN, multimedia services 
are meant to be safe and accessible from any 
network using any type of desktop-based or 
mobile terminal; which is possible through the 
use of a unified transport network. In order 
to achieve these aims, there is a consensus 
about the use of MPLS-based IP routers to 
carry out tagging processes as well as traffic 
differentiation. However, some other aspects 
are still to be considered when attempting to 
define NGN, namely network architecture, 
network management and network mobility 
(which governs current IP networks).

In order to set a complete context that allows 
a clear understanding of NGN trends, this 
paper is organized as follows: A concept pro-
vided by ITU1 on New Generation Networks 
is presented as the starting point is; subse-
quently, the structural and functional archi-
tecture of such networks is explained. Then, 
a recently adopted approach on management 
and services is discussed to finally analyze 
the concept of mobility.

2. Definition and Features of New 
Generation Networks (NGN)

The According to what has been established 
by ITU regarding NGN, it can be stated that a 
particular NGN is a packet-transmission-based 
network that is capable of offering integrated ser-
vices (including traditional telephone services) 
and also capable of fully exploiting the channel’s 
available bandwidth through the use of Quality of 
service Technology (QoS) so that packet transport 
is successfully carried out regardless of the net-
work infrastructure. Additionally, this network 
offers unrestricted access to users from various 
telephone companies and also supports mobility, 
allowing user multipoint access [2][3]. 

When analyzing the previous definition of 
NGN, the following fundamental features can 
be found: 

•	 The transport plane is to be based on IP/
MPLS packet switching technology. 

•	 There is a separation between services 
and transport-network technology (De-
coupling Access and Services). 

•	 A wide range of services, applications 
and mechanisms of different nature 
must be supported, namely real-time, 
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non-real-time, streaming, multimedia 
services etc. 

•	 End-to-end broadband access, including 
Quality of Service (QoS), must be guaran-
teed.

•	 Traditional networks should migrate, or else 
provide inter-operation through the use of 
open interfaces and standard protocols.

•	 Existence of generalized mobility.

•	 Users should be provided with unrestric-
ted access to various service providers.

•	 Users should perceive that the same ser-
vices share unified features.

•	 Fixed and Mobile Convergence must exist 
(FMC) in terms of services.

•	 The network must support multiple last-
mile technologies as well as various types 
of access networks.

•	 There must be full compliance with all 
standard requirements regarding security, 
privacy, emergency communication, legal 
interception, etc.

After analyzing the aforementioned concepts 
and features, and in order to gain a better un-
derstanding of the rationale behind the general 
concept of NGN, it can be observed that the first 
part of the definition addresses the sort of pac-
ket-based information flow that occurs within 
the Internet regardless of the IP-protocol ver-
sion. This allows, and to a certain extent com-
pels developers to use the IP protocol for their 
creations to survive within an Internet-depen-
dent environment, which suggests a recovery 
for protocol IP in terms of popular awareness.

A second fundamental aspect lies in determi-
ning the great variety of equipment that con-
verges on a single network, which makes pro-

tocol coexistence necessary and poses traffic 
management as a decisive factor, since isolated 
conflicts cause overall network congestion.

Thus, the problems associated to new-servi-
ce articulation and traditional-network sup-
ported service integration divert the concept 
of QoS onto the aspects that pertain to the 
transport and data-link layers, specifically 
onto the principles of encapsulation [4].

In order to achieve reliable connectivity in 
terms of transport, it was decided that pro-
tocol IP be used to guarantee a type of public 
connectivity that becomes general, ubiquitous 
and global. Such a protocol can be easily trans-
ported over various underlying access tech-
nologies and also over various core transport-
layer technologies (e.g. xDSL, ATM, MPLS, 
frame-retransmission, OTN) according to the 
environment of a particular service provider.
[5]”number-of-pages”:”80”,”abstract”:”En la 
Recomendación UIT-T Y.2201 se suministran 
los requisitos de alto nivel para los servicios 
y\ncapacidades de las redes de la próxima ge-
neración (NGN, next generation network

Regarding the previous discussion, it is impor-
tant to include connectivity aspects that sup-
port IPv4, IPv6, real-time communications, 
one-to-one point connectivity, and one-to-many 
connectivity. On the other hand, and provided 
that the main purpose of NGN is to admit ser-
vices and applications regardless of the access-
network technologies, these networks should 
also support any user network regardless of the 
configuration complexity level. That is, an NGN 
is intended to handle the end-user functional 
starting processes that deal with service access, 
and address-space management.

By taking advantage of IPv6, it is possible to 
support not only address-space extensions 
but also various advanced features that im-
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pact on NGN networking functions as well 
as on the performance of the corresponding 
functional entities. This contributes to fur-
ther flexibility when introducing new servi-
ces/applications by using extension-and-op-
tion header combinations.

Within signaling aspects, recommendation 
H-323 can be highlighted (packet-based multi-
media communication systems). This recom-
mendation deals with the way PC telephones 
or existing conventional telephones can be 
properly connected (with adapters) to pac-
ket networks and so inter-operate with Pu-
blic Switched Telephone Networks by using 
gateways. Recommendation H.323 is part of 
a larger series of standards and regulations 
intended to facilitate videoconferences over 
a wide variety of networks. Widely known 
as H.32X, this series of standards includes 
recommendations such as H.320 for narrow 
band ISDN (N-ISDN), H.321 for broadband 
ISDN (B-ISDN) and H.324 for General Swit-
ched Telephone Networks (GSTN). Figure 1 
illustrates protocol series H.323 [6][3].

Figure 1. Series-H.323 protocols

Source: own elaboration

Provided the preservation and continuity of 
protocol IP, it is worth mentioning that the 
current protocol-associated evolution of NGN 
networking further supports any IPv6-based 
work. This allows solving particular optimi-
zation issues in terms of routing, particularly 

when using NEMO technologies, which offer 
increased bandwidth and better scalability of 
network services. [7]

On the other hand, it is necessary to observe 
how optical-fiber services increasingly per-
meate every-day activities and businesses. 
Such is the case of Japan, where a complete 
optical-fiber infrastructure is already ope-
rating and internet-access home services 
(FTTH) as well as video distribution services 
are provided based on technologies such as 
PON and G-PON. The benefits of having this 
type infrastructure include lower costs, larger 
bandwidth availability and further reductions 
in terms of network maintenance [8].

This recently developed evolution undergone 
by big networks whose physical layer used to 
rely on copper, and now rely on optical fiber, 
allows proper migration of IP networks from 
circuit-switching based to packet-switching ba-
sed. This results in end users (either home or 
business) requiring larger bandwidths, espe-
cially in rural or suburban areas, which entails 
architecture improvements within an NGN at 
the access level as well as better organization 
of telecommunication service providers.[9]

Similar to the way copper-to-fiber evolution 
is to be considered, careful attention should 
also be paid to wireless networks. These net-
works are now widely implemented and play 
a major role within the whole concept of NGN 
mobility. Thus it is necessary to provide high 
transmission rates with small convergence 
areas and low cost. This issue has been ad-
dressed and managed by implementing mo-
bile communications 4G standards, where a 
solution is to be provided for the various con-
vergent technologies. Solutions also address 
support for existing services. A summary of 
these aspects and their associated features 
can be found in [10]



198

Carlos Arturo Castillo Medina - Octavio José Salcedo Parra - Felipe Forero Rodríguez

Universidad Distrital Francisco José de Caldas - Technological Faculty

When having a close look at what has been 
termed web 2.0 and also at the so called SOA, 
the characteristic elements associated to NGN 
can be easily found. Such elements are mainly 
intended to solve user needs and to ease 
knowledge exchange (more than mere object-
reference information exchange). Within these 
fundamental purposes, social communities re-
present the most compelling feature for inter-
net service providers, promoting a paradigm 
shift in terms of service demand, and exten-
ding to other aspects such as adaptability, con-
textualization and service customization; the-
se elements can only be integrated with ease 
within an actual NGN. [11][12].

It is also important to mention the aspects 
associated to the migration process from tra-
ditional networks to IP networks, as stated 
in [13], where some of the most relevant fac-
tors include traditional-network maintenan-
ce costs, VoIP development and the current 
multimedia-service market. Three alternati-

ves are introduced to be implemented, either 
in a mutually-exclusive fashion or as a combi-
nation of strategies depending on the scale of 
financial investment of service providers. The 
alternatives are as follows: i) complete repla-
cement of traditional networks with IP-based 
NGN, ii) an overlap of NGN over previous 
networks considering gateway problems that 
may occur, and iii) a gradual migration that 
depends on existing infrastructure at the ac-
cess level, taking advantage of switches and 
also of Time Division Multiplexing (TDM).

However, not having accomplished a full de-
velopment of both the concepts and techno-
logies that allow a solid definition of NGN, in 
[14] a new term is already put forward, na-
mely NWGN. The proposal covers five major 
parts and, overall, gathers a series of condi-
tions that allow better planning and design for 
recently developed networks as well as for 
upcoming networks (Figure 2).

Figure 2. NWGN Parts

                         Source: own elaboration
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New Generation                                   
Networks Architecture
Figure 3 shows the typical components of 
New Generations Networks, where four main 
levels can be observed [2], namely:

Network Services: This level deals with 
providing users with services and applica-

tions. The level consists of a series of ser-

vers to guarantee that the network actually 

offers the type of solutions expected by end 

users, e.g. web servers, authorization (AAA) 

and control servers, Proxy Servers, LDAP 

Configuration Servers, and authentication g-

servers (WAP Server).

Figure 3. Components of NGN

         
            Source: own elaboration

Core Network: Mainly represented by the 
network’s backbone associated to traditional 
networks and of those networks that emerge 
from technological advances, this level con-
centrates all information transport that may 
exist among the various network entities. The 
level is basically in charge of packet transfer 
and also of management and control functions.

Access Network: The importance of this 
level lies in the need to connect to diffe-

rent access technologies. The level allows 
coexistence of various technological means 
and separates the network core from user 
equipment.

User Equipment: This level consists of all the 
equipment employed by users to access the 
network. The level supports a wide variety of 
protocols and technologies intended to receive 

services and/or applications from the network.
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Figure 4. Functional Structure of NGN

           Source: own elaboration

On the other hand, Figure 4 shows the functio-
nal structure of NGN as stated in various 
official documents issued by ITU-T, namely 
ITU-T X (where X refers to each of the do-
cuments that established the necessary NGN 
operation conditions). In this sense, the ar-
chitecture associated to NGN requires flexi-
ble configurations that allow accessing from 
multiple technologies; likewise, such an ar-
chitecture must support distribution and con-
trol mechanisms, providing proper separation 
between the services it provides (through in-
formation transport) and the various bit rates 
that pertain to NGN services [5]”number-of-
pages”:”80”,”abstract”:”En la Recomendación 
UIT-T Y.2201 se suministran los requisitos de 
alto nivel para los servicios y\ncapacidades de 

las redes de la próxima generación (NGN, next 
generation network [15]such as required Qua-
lity of Service (QoS [16]

The functions of this architecture are separa-
ted into two big layers, namely Service and 
Transport. The functions of the Service La-
yer offer support for session-based and non-
session services. These functions include 
further support for subscriptions and notifica-
tions; likewise, they offer message exchange 
methods. The characteristics of management 
and administration functions within a particu-
lar NGN are included in the Transport Layer; 
this layer guarantees proper configuration, 
authentication and security of end-user equi-
pment, either desktop-based or mobile.[3]
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3. Management and Services

This section introduces a series of relevant 
services that allow determining the impor-
tance of NGN developments in the dynamics 
of supply and demand for telecommunication 
service providers nowadays.

In recent years, NGN networks have gradua-
lly replaced traditional networks (SDH, PDH) 
and up to a certain extent NGN has become 
a solid foundation for data transport over IP/
Ethernet; as a consequence, the type of traffic 
that converges in these new networks also 
brings its own difficulties, such as synchroni-
zation issues at a data level and also at a net-
work level. In order to address these issues, 
it is necessary to study new measurement 
techniques intended for time-frequency dis-
tributions using packets. New methods have 
been developed to deal with clock synchro-
nization over packet-based networks, namely 
Network Time Protocol (NTP) and Precise 
Time Protocol (PTP), which guarantee con-
vergence and network service [17]”contai-
ner-title”:”MIPRO, 2012 Proceedings of the 
35th International Convention”,”page”:”652-
655”,”abstract”:”Rapid development and 
evolution of IP based networks had major 
impact on all services and their migration to 
Next Generation Networks (NGN.

NGN embraces new capabilities and supports 
a wide range of emerging services, including 
those services that offer advanced and com-
plex functionalities. Resulting from a third-
party provider initiative for applications and 
services, the main purpose is to develop new 
applications and capabilities to be accessed by 
using open, normalized interfaces. This ini-
tiative is motivated by the ever-greater need 
for cooperation among service-and-network 
providers when developing normalized appli-
cation network interfaces (ANI). As a result, 

NGN networks are meant to support software 
reuse and software portability as well as the 
use of commercial software, thus achieving a 
profitable development.

NGN also provides the necessary capacity to 
establish, manage and end end-to-end service 
sessions intended to cover, for instance, va-
rious parts, a set of end points associated to 
those parts, and a description of the multime-
dia connections between end points. These 
network capabilities are available for fixed-
network environments and also for mobile 
networks in order to meet the service requi-
rements and make use of adequate application 
servers for proper service performance.

NGN offers application support through the 
web, which facilitates improvements in the 
exploitation of devices maximum capacity as 
well as of the network’s characteristics; this 
is particularly suitable for the case of web-ba-
sed applications. Support capabilities of this 
sort of applications allow users to have a web-
based environment that is coherent and that 
can cover different network environments 
(e.g. local, office-based and/or mobile) as well 
as various types of devices (e.g. portable, mo-
bile telephones, personal computers, tablets). 
In this sense, various needs are successfully 
satisfied, namely interoperability between 
wired and wireless networks, safe access 
to applications, efficient use of bandwidth, 
etc.[18]”page”:”4”,”genre”:”Técnico”,”eve
nt-place”:”Geneva”,”abstract”:”At the last 
May NGN-GSI meeting, we had discussed 
NGN-Web convergence architectural model 
with relevant figure based on several require-
ments on web-based application support and 
interworking service creation environments. 
As a conclusion, we had adopted this item as 
a living list of Q.12/13.”,”language”:”Englis
h”,”author”:[{“family”:”INTERNATIONAL 
TELECOMMUNICATION UNION ITU”,”
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given”:””}],”issued”:{“year”:2009,”month
”:6},”page-first”:”4”}}],”schema”:”https://
github.com/citation-style-language/schema/
raw/master/csl-citation.json”}  

Quality is an important concept in the cons-
truction of NGN. However, the term “quali-
ty” may be associated to various meanings. 
For instance, quality can be used to refer to 
voice quality in a telephone call, or the term 
can be used to talk about image quality in 
video-delivery services. Quality can also be 
associated to communication services when 
describing the extent (and time span) to 
which communication equipment works with 
no failure and also to refer to client request 
response times whenever customers require 
a specific service or maintenance assistance 
from service providers [6] [17]”container-
title”:”MIPRO, 2012 Proceedings of the 

35th International Convention”,”page”:”652-
655”,”abstract”:”Rapid development and 
evolution of IP based networks had major 
impact on all services and their migration to 
Next Generation Networks (NGN. By obser-
ving Figure 5, it is possible to determine four 
levels/types of telecommunication service 
quality. The parameters that help to specify 
each type of Quality of Service are as follows: 
IP packets, transfer delay, IP packet trans-
fer, delay variation and IP-packet-loss rates 
between UNI, NNI, and some SNI reference 
points. Specific Quality of Service between 
reference points is provided by the NGN in 
terms of network performance. For a particu-
lar NGN, the type of QoS required by certain 
service (e.g. IP telephone calls, video strea-
ming, or data communication) can be negotia-
ted between the network and the correspon-
ding terminal/server.

Figure 5. Types of QoS in NGN

       Source: own elaboration
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An NGN supports end-to-end QoS through 
various networks that use diverse infras-
tructure technologies offered by various 
service providers in order to guarantee a 
particular level of service required by users 
or by applications [19].

NGNs accept various levels of QoS that can be 
negotiated between users and providers, and/
or among providers. This involves the use of 
various strategies such as resource-control and 
resource-admission mechanisms, class of tra-
ffic differentiation, precedence management, 
QoS signaling mechanisms, operation-quality 
management measurements that guarantee 
quality, and congestion (overload) control.[6]

NGNs include capabilities for user identifi-
cation, which allows network operators and 
service providers to identify particular users 
of certain NGN services and so use such in-
formation for specific purposes (e.g. authenti-
cation and authorization procedures).

NGNs offer further capabilities for users to 
identify NGN providers NGN (on every layer) 
whenever direct relations exist. In this sense, 
these networks support authentication and 
authorization functionalities on both layers, 
namely transport and service. For authen-
tication purposes on the transport layer, it is 
required that the network identifies a particu-
lar user before the user actually accesses the 
network and its privilege functions. A single 
authentication function may become important 
when attempting to prevent unauthorized use 
of networks, e.g. to avoid large-volume non-
requested data communications taking place. 
Due to the authorization function, an authority 
emerges to control access to network resou-
rces, and so this contributes to counteracting 
access violations [19] [20].

4. Mobility

Some of the most relevant characteristics 
of NGNs include the concept of generalized 
mobility, that is, the capability of users or of 
other mobile entities or communicate with 
others and have access to services regardless 
of location changes or of any changes in the 
technical environment [1] [11]. The concept 
of wireless-network mobility is extended and 
applied to single entities that can communica-
te independent of the place and service. The 
degree of service availability may depend 
on factors such as access-network capaci-
ty (where bottle-neck phenomena is usually 
observed) and the type of service-level agre-
ement between the user’s own network and 
the networks of various providers. 

Nowadays, it is important to consider that 
smart-phones have played an important role 
in popularizing mobile internet access for mi-
llions of people, which is an ever-growing trend. 
In terms of technology, mobility has become a 
requirement, thus the telecommunication in-
dustry is compelled to continue promoting and 
enhancing such wireless access for years to 
come; allowing for reliability and data rates that 
compare with those of wired connections [21].

Users may be offered the possibility of using 
a wider variety of access technologies, which 
permits mobility between wired public-access 
points and wireless access points of various 
technologies. This means that mobility is not 
to interrupt an ongoing application or service 
in use. To this end, the following goals must 
be attained: 

Possibility to use various access technologies 
from different locations 

Ever-more seamless broadband communica-
tions between wired and wireless networks 
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Continuity when crossing the borders of exis-
ting networks; this should entail no interrup-
tions of applications or of client services (pro-
per roaming agreements) 

Mobility management includes the ability of 
mobile entities (e.g. user, terminals and lo-
cal networks) to move from one network to 
another (itinerants), either towards an NGN 
or towards conventional networks. NGNs deal 
with two types of mobility, namely personal 
mobility and terminal mobility (UIT-T Q.1706).

In an NGN, personal mobility exists whenever 
users employ registration mechanisms to as-
sociate themselves to a terminal that may also 
be associated (by the network) to the users. 
When there are interfaces intended for user 
registration between users and terminals and 
also between users and networks, such inter-
faces are to be used. Likewise, in this version 
of NGN, both intra-network and inter-network 
terminal mobility is allowed when using regis-
tration mechanisms to associate a particular 
terminal to a network, having terminal mobili-
ty support with service continuity [22].

5. Conclusions

Although it is evident that the recent advan-
ces in terms of network infrastructure, inter-
connection, and services are significant; to 
date, it is still somewhat pretentious to claim 
that there is a true integration within the ser-
vice and transport layers that constitute tele-
communication networks.

There is no doubt that improvements in 
terms of transport are considerable and the 
range of services to be offered grows on a 
continuous basis. However, while complete 
regions in some parts of the world are very 
close to attaining the goals embraced by NGN 

concepts, some other regions are being left 
with scarce or no access to internet services, 
which makes us reflect on how utterly dis-
tant we are from living in an actual worldwide 
community driven by telecommunications.

Telecommunication service providers have 
understood that it is necessary to integrate 
their services and also to share their resou-
rces in order to meet an ever-growing user 
demand that entails covering particular ne-
eds, which represent an almost impossible 
challenge for a single provider to cope.

Nevertheless, it is important to highlight 
that the protocol IP is still the bedrock upon 
which telecommunication decisions are taken 
regardless of the protocol’s version.
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