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COMMUNICATIONS 

NETWORKS  
  Mar í a      Á ngeles       Callejo     Rodr í guez    and    Jos é  Enr í quez     Gabeiras       

     In recent years, multiple initiatives to progress on the building of the Future 
Internet have been launched worldwide (such as GENI  [1]  and FIND  [2]  in the 
United States, the  “ Future Internet Assembly ”   [3]  just built in Europe, and 
the Akari Project  [4]  in Japan). In all these innovation programs, the research 
community is proposing new evolution strategies for the present Internet that, 
from the point of view of maintaining the present status quo, are either revolu-
tionary or evolutionary. In the case of revolutionary approaches, the so - called 
 “ clean slate ”  approach is proposed in order to consider new requirements since 
the initial phases of the design of new networks (such as security or new network 
virtualization techniques), disregarding any demand for compatibility with the 
present infrastructure. On the other hand, the evolutionary path has as a starting 
point the current Internet infrastructure, transforming the architecture of present 
Next - Generation Communications Networks to meet the requirements of the 
services of the future. 

 This chapter aims to provide an (a) overview of how this evolution of Next -
 Generation Communication Networks is being done and (b) a summary of its 
role to build up the Internet of the Future. It aims to identify the main require-
ments for the network of the future, and it discusses how the improvement of the 
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4 ROADMAP FOR NEXT-GENERATION COMMUNICATIONS NETWORKS 

current Next - Generation Network (NGN) capabilities should be the basis to 
provide them. In order to fulfi ll this view, the chapter fi rst presents the set of goals 
to be met by future networks considering the users ’  behavior and the evolution 
of Internet traffi c, then analyzes the main problems and solutions associated with 
QoS (Quality of Service) provision, and fi nally proposes a roadmap to steer the 
evolution of present networks to the multiaccess, multitransport Future Internet.  

   1.1    REQUIREMENTS FOR  NGN  AND THE ROLE OF  Q  o  S  FOR 
THE FUTURE INTERNET 

 As a fi rst step to build the Internet of the future, it is mandatory to analyze the 
expected evolution of the Internet users ’  behavior. One of the main characteris-
tics of present - day network planning is the high uncertainty of the users ’  demand 
evolution. Nowadays, the main characteristic of the end users is their diversity: 
There are multiple applications with heterogeneous requirements (Peer - to - Peer, 
streaming, voice over IP, blogs, social networks, chats, gaming, etc.), which can be 
accessed from multiple devices (mobile devices, PCs, game consoles, etc.) using 
different types of connectivity (mobile of different types, fi xed by different 
media). 

 There have been multiple attempts to evaluate how the different Internet 
users behave, but, probably, in order to defi ne the requirements for the Internet 
of the Future, a classifi cation of the end users ’  behavior according to their age 
could be the best approach to foresee what is expected in the future from the 
end users ’  perspective. In this sense, the popular generation tagging has identifi ed 
the following generations: 

   •      Generation X (born in 1960s and 1970s) uses the Internet for web naviga-
tion and access to mail.  

   •      Generation Y (born in 1980s) is all day connected, so this generation con-
siders ubiquity and reliability in their Internet connections.  

   •      Finally, Generation Z or digital natives (born in 1990s and 21st century) is 
used to the technical changes and has much more knowledge about the 
technology  [5] . This generation is highly connected and makes a lifelong 
use of the communications and media technologies.    

 It is clear that in a short time span, different patterns of usage of the network 
have arisen, due to the ever richer offer of services being offered and to the lower 
entry age to the Internet. Therefore, regarding connectivity, many new require-
ments must be considered in the evolution of NGN: future networks must support 
new traffi c demands, reliability to allow the end users to trust the availability of 
their connections, ubiquity of the access, security in the service usage, fl exibility 
to adapt to the different requirements, neutrality and openness to allow the 
development of new services, and ability to provide advanced services which 
combine all these characteristics. 
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REQUIREMENTS FOR NGN AND THE ROLE OF QOS FOR THE FUTURE INTERNET 5

 An important indicator to evaluate the capacities to be provided by future 
networks is to evaluate how the traffi c will evolve in the coming years. As stated 
by Cisco  [6]  and represented in Figure  1.1   [6] , it is clear that we are witnessing a 
huge increment of the demand of new multimedia applications that require 
better network performances or guaranteed QoS, such as online gaming, video 
streaming, or videoconference.   

 Moreover, this will be especially demanding with the above - mentioned new 
generation of young people that is  “ always on ”  in Internet, is also able to create 
their own services, and values the connectivity as an important service, for which 
they are keen to pay to have the possibility to access the wide set of Internet 
services. The provisioning of advanced QoS connectivity services will become a 
key driver for the operators ’  business role in the Future Internet. 

 In this process to build the NGN, due to the strategic role played by the 
standards in innovation, competition, and regulation, it is important to identify 
any standardization gap in order to guarantee the fair play of the different players 
while building the technology roadmap. In this context, the specifi cation of the 
NGN architectures will play a key role. But, what are the main objectives of the 
NGN? It is generally agreed that the main focus of the NGN could be summa-
rized in the following key topics: 

   •      To provide better access:     In the context of NGN, we include the evolution 
of access and core technologies which are able to provide higher bandwidths 
in both fi xed and mobile technologies. The evolution of all these technolo-
gies is one of the main topics addressed by this book in next chapters.  

   •      To be able to effi ciently carry different services:     One important topic being 
fostered by the NGN architecture is the integration of multiple services 
into IP networks. All these services must be integrated in such a way that 
carrier - class capabilities should be also provided. This would allow the 
operators to provide their services (both corporate and residential) over 
the same network; moreover, this could represent an opportunity to offer 

     Figure 1.1.     Evolution of Internet traffi c per application type  [6] .  
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6 ROADMAP FOR NEXT-GENERATION COMMUNICATIONS NETWORKS 

these capabilities to other service providers that do not own network infra-
structure. In order to effectively make this scenario possible, all the features 
related to the provisioning of different services in the NGN networks 
should be implemented in such a way that simplicity for end users ’  and 
operators ’  management is a given.  

   •      To integrate mobile and fi xed architectures and services:     Since the end users 
are accustomed to connecting to the Internet from multiple devices and 
types of networks, it can be naturally expected that in the future all the 
services will be accessible from any type of network by adapting to the 
transmission and terminal characteristics.    

 This chapter will focus on how the NGN control capabilities should evolve 
in order to make possible the provisioning of QoS and the convergence of 
network services in an effi cient way, independently on the usage of fi xed or 
mobile access, which means to avoid introducing unnecessary complexity that 
could make the solutions practically unfeasible. This chapter does not focus on 
the evolution of the network technologies that could make possible the provi-
sioning of more advanced communication features (this, in fact, is the main 
purpose of the rest of the book), but is more focused on how the different mecha-
nisms to control all these features should be implemented and standardized in 
order to really make possible the NGN objectives. 

 In order to evaluate how these control mechanisms for NGN should be 
implemented, fi rst and foremost, it would be important to take a look at how the 
NGN is structured. In ITU - T  [8] , a draft architecture of the NGN is depicted and 
described. In this architecture the following strata can be distinguished: 

   •      The Transport Stratum, including:  
   •      The transport functions (in the access, metro, and core network). The 

evolution of all these functionalities are related to the evolution of the 
network technologies itself (new optical solutions for the core networks, 
FTTH, new wireless mechanisms, etc.).  

   •      The transport control functions (resource and admission control func-
tions and network attachment control functions). Currently there are 
several standardization bodies in charge of leading the evolution of this 
control plane: ETSI/TISPAN  [9] , 3GPP  [10] , and ITU - T  [11] .  

   •      The Service Stratum, which includes the service control functions (includ-
ing service user profi le functions) and the application and service support 
functions. In principle, any service stratum can use the transport stratum 
capabilities, but the most clear standardization (and also commercial) 
initiative proposed so far is the IMS (IP Multimedia Subsystem), fostered 
by the 3GPP, which specifi es an environment where the network operator 
is in charge of providing the services, which also takes advantage of the 
control functionalities.    
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REQUIREMENTS FOR NGN AND THE ROLE OF QoS FOR THE FUTURE INTERNET 7

 Therefore, taking into account the foreseen users ’  requirement for improved 
QoE, and considering the various technology - centered solutions proposed in the 
realm of NGN to provide QoS, one of the major challenges is to guarantee the 
users ’  QoS requirements between the end points involved in a communication 
that spans over several network segments. As explained in ITU - T  [7]  and  [8] , a 
new architecture must be designed in order to address this goal, whose   main 
feature is to integrate and synchronize the tasks performed in the different planes 
of the networks along the e2e (end - to - end) path. Moreover, the solution must 
also consider the interaction with the Home Gateway, since this entity is in charge 
of managing the Home Network, which represents the fi rst and/or last part of 
the entire network chain and will play a key role in the provision of quality com-
munications to the end users. 

 In this sense, the role of the transport control functionalities is the key for 
the success of this e2e QoS provisioning. Even though a multiple standardization 
effort has been invested in order to design and implement this control function 
in ETSI/TISPAN  [9] , 3GPP  [10] , and ITU - T  [11] , there is still not a common 
solution, since each standardization body is focused on different technologies, 
and the proposed solutions are offering different interfaces for resource reserva-
tion and enforcement. Therefore, up to now only partial solutions to provide QoS 
in specifi c underlying technologies are implemented, and these do not have e2e 
signifi cance. Besides, these solutions usually require a manual administrator con-
fi guration (which in fact leads to high operational effort) and are therefore hard 
to reconfi gure according to the online users requests. 

 In the next subsection, an overview of an experimental system to address this 
problem is provided (the EuQoS system). This system was designed to build a 
framework able to provide e2e QoS over heterogeneous networks. The design 
and implementation of this system has allowed the authors to identify the prob-
lems that exist today in current specifi cation of NGN transport control function-
alities and to provide a set of recommendations to support the development of 
an architecture able to make possible the integration of fi xed and mobile access 
to provide any carrier - class IP service. 

   1.1.1    The  E  u  Q  o  S  System as a Solution to 
Provide End - to - End  Q  o  S  

 The EuQoS Project  [12]  main achievements have been the design, development, 
integration, testing and validation of QoS mechanisms over heterogeneous net-
works while preserving the Internet openness principle. In a nutshell, the EuQoS 
system has provided a new approach that allows the Network Operator to take 
advantage of the requirements of new Internet Services as the driver for a new 
commercial offer based on advanced connectivity requested by the end user. 

 The EuQoS system architecture that is presented in Callejo et al.  [13]  allows 
the network operators to provide e2e QoS connections over heterogeneous 
network technologies. This approach considers that Net Neutrality will be 
both a users ’  and regulators ’  requirement in the Future Internet, and therefore 
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8 ROADMAP FOR NEXT-GENERATION COMMUNICATIONS NETWORKS 

the system must enable the end user to request a specifi c type of connectivity 
service to the network (Real Time, Non - Real Time, etc.), regardless of the Service 
Provider particular end - services, which means that no linkage between applica-
tions and service levels can be set beforehand. The EuQoS system is able to 
effectively guarantee e2e QoS according to users ’  demands by means of coordi-
nating the QoS mechanisms available in the different network technologies along 
the communications path. This is done by specifying a set of well - known e2e 
Classes of Services (known by the end users) that are mapped to the different 
underlying network mechanisms in each communication segment. In order to 
ensure the scalability of the solution, two timescales are specifi ed: the long tim-
escale process of the provisioning (where resources are reserved per aggregate 
according to the dimensioning of the network and expected users ’  demand) and 
the short timescale of session setup by the end users (where the processes avail-
able in the access technologies should be triggered in order to use the provisioned 
paths in the longer timescale). 

 In order to build, use, and monitor the QoS guaranteed paths, an architecture 
based on different planes is proposed in Callejo et al.  [13]  and is depicted in 
Figure  1.2 , where the main planes and interfaces are shown. Next, the imple-
mented functionalities are briefl y described: 

   •      The Service Plane provides the  QoS on demand  interface that allows the 
end users to request QoS guarantees for their applications. Moreover, this 
Service Plane also implements the AAA (Authentication, Authorization 
and Accounting) and charging functionalities. This interface provides QoS 
as a service that can be used by any application/service without the need 
of integrating the full stack of the application signaling in this Service Plane.  

   •      The Control Plane is in charge of the control procedures to ensure the 
provisioning of the QoS in both provisioning and invocation phases. 
This plane is split in two different levels:  

     Figure 1.2.     EuQoS architecture (reference points and protocols).  
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PROBLEMS AND RECOMMENDATIONS FOR NGN EVOLUTION 9

   •      The Network Technology Independent level provides a reference point 
that is used by the Service Plane and by the Home Gateway to request the 
reservation of resources; this level manages an abstraction of the domain 
topology, maintains a set of operator ’ s policies, the users ’  localization, and 
contacts other domains involved in the e2e QoS guaranteed path using the 
interface provided by other Network Technology - independent levels.  

   •      The Network - dependent level provides a well - known interface to the 
independent level and maps the e2e Classes of Services to the specifi c 
underlying network mechanisms, applies specifi c admission control algo-
rithms (i.e., in mobile networks it can consider physical parameters, while 
in fi xed networks this could be optional), and interacts with the network 
equipment in order to confi gure the QoS policies.        

 According to the design and evaluation of the EuQoS system, the following 
design principles must be maintained during the specifi cation of the control 
capabilities of the networks of the future: 

  1.     A set of well - known technology - independent classes of services must be 
provided. These e2e classes of services would allow carrying out the same 
service over different technologies without the need to deploy specifi c 
solutions per network type. These classes of services are presented in 
Reference  14 .  

  2.     There must be a clear distinction between the different planes and clear 
specifi cation of the reference points at each plane and layer. This permits 
the confi guration of multiple scenarios over the same infrastructure 
(a Home Gateway or a service provider accessing the control plane capa-
bilities directly or the end users using the QoS on demand interface).  

  3.     There must be a distinction between network technology - dependent and 
 - independent mechanisms. This makes the deployment of the solution 
easier: The ISP or the vendors just need to provide a common interface 
to make use of the QoS capabilities in their control systems. Moreover, if, 
in the future this interface is provided by some network equipment, the 
development of ad hoc control systems could skipped.    

 All these principles are applicable to the design of the control capabilities 
to provide QoS guarantees, but some of them could be also applied to other 
features, such as to ensure the design of management systems.   

   1.2    PROBLEMS AND RECOMMENDATIONS FOR  NGN  EVOLUTION 

 Based on the experience of the authors in the design, implementation, and valida-
tion of a system able to provide QoS over heterogeneous networks, this section 
identifi es a set of problems to develop the NGN capabilities and presents a set 
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10 ROADMAP FOR NEXT-GENERATION COMMUNICATIONS NETWORKS 

of recommendations that could feed the standardization process of some ITU - T 
initiatives for NGN evolution to support e2e management of the services, such 
as the AMS (Advanced Multimedia System) or any other standardization process. 

   1.2.1    Problems to Provide  Q  o  S  in an Effi cient Manner 

 Multiple solutions and architectures were studied during the referred research; 
as a result, possible weaknesses in present standards and commercial solutions 
were detected. 

  Problem 1: Application Signaling Integration with  NGN .     Most of the 
current NGN specifi cations propose the integration of the application signaling; 
this means that, in order to provide QoS for specifi c services, the NGN must not 
only be aware of the application signaling but also must be an essential part of 
the service negotiation (e.g., for codecs selections, user discovery, etc.). 

 A widely known example is IMS, which specifi es the usage of SIP (Session 
Initiation Protocol) as the only way to interact with the P - CSCF (Proxy Call 
Session Control Function, which is the fi rst point of contact of the end user with 
the IMS control entities). If SIP is discovered as a protocol not suitable to deal 
with different types of applications/services, the core of the IMS control will 
become useless as the Service Plane (or Application Level) of the NGN in the 
Future Internet networks for any kind of application. In addition, there are some 
complaints from application developers due to the lack of specifi cation about the 
actions to be taken when an application signaling event is detected. 

 Moreover, taking into account the wide variety of application protocols that 
are currently being used in the Internet (e.g., MSN, Skype, P2P Streaming appli-
cations, etc.), if this design principle is maintained, this could lead to complex 
systems where several gateways should be integrated to interwork with the users ’  
favorite applications, not necessarily SIP - based. Finally, if we take into account 
that in the Future Internet the users will not be only service consumer but also 
service providers/creators, a wide variety of non - IMS applications can be expected 
to coexist in the future. 

 To sum up, the requirement of the integration of the application signaling in 
the NGN structure would lead to two main scenarios: 

   •      Complex systems in charge of managing multiple signaling protocols or 
with several gateways where the provisioning of advanced connectivity 
services for new (and probably users favorite) applications will be delayed. 
This scenario could lead to a solution diffi cult to manage due to its com-
plexity and, maybe, lack of scalability.  

   •      Walled gardens where only specifi c services will be provided with QoE, 
losing the openness as a main principle of the Internet. Probably, this 
option will not even be attractive for the operators, since they will not be 
able to provide advanced connectivity services to their end users (but 
the users appreciate the good connectivity service provided by their ISP as 

c01.indd   10c01.indd   10 7/22/2010   10:31:42 AM7/22/2010   10:31:42 AM



PROBLEMS AND RECOMMENDATIONS FOR NGN EVOLUTION 11

the main quality criteria) nor will they   be able to provide their network 
capacities to third - party applications.     

  Problem 2: Weak Specifi cation of the Interfaces.     In current recommen-
dations and/or specifi cations, there is a clear weakness in the specifi cation of the 
interfaces and reference points. This problem is refl ected in the following points: 

   •      There are three standardization bodies specifying the transport control 
functionalities. Each body proposes different interfaces that, in fact, could 
lead to interoperability problems. This is something well - identifi ed, and in 
fact the standardization bodies are trying to converge in a common solution 
(e.g., there is a clear integration attempt between 3GPP and ETSI/TISPAN).  

   •      Some interfaces are not specifi ed and are left for further study (such as, 
e.g., the interface between trusted CPE and the RACF in Y.2111, which 
will be essential in the full integration of the Home Gateway as an exten-
sion of the Operators Control plane).  

   •      Other interfaces are only specifi ed in terms of methods, parameters, and 
requirements for the transactions. For these interfaces, there is no clear 
choice of the protocols.    

 This lack of clear specifi cation of the reference points could lead the different 
vendors to provide their own solutions for the whole system. This will lead to 
interworking problems between the different vendor equipments that, indeed, 
result in interworking problems for multivendor solutions (i.e., control capabili-
ties of one vendor able to interwork with the transport capacities provided by 
two different equipment providers) or interoperability problems across different 
network domains. 

 As an example, it can be mentioned that in Recommendation ITU - T Y.2111, 
the details of the interaction between different RACFs (reference point Ri) is 
left for further study. This interaction is mandatory if QoS information is shared 
by different domains involved in the end - to - end path; it is being addressed in 
other standardization bodies and implemented by some vendors, in particular the 
following: 

   •      ETSI/TISPAN has provided a draft version of the RCIP (Resource 
Connection Initiation Protocol) which is specifi ed to allow the interaction 
between the ETSI/TISPAN RACSs (similar to ITU - T NGN RACF) during 
the reservation of the resources to ensure a specifi c QoS level.  

   •      At the time of this writing, a telecommunications equipment manufacturer 1  
has released a commercial implementation of a RACS (ETSI/TISPAN 
module similar to the ITU - T NGN RACF), which provides an RCIP - 
based interface to allow the communication between different resource 
managers.    

     1      Huawei, through the RM9000 - Resource Manager.  
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12 ROADMAP FOR NEXT-GENERATION COMMUNICATIONS NETWORKS 

 In this scenario, it is very likely that the fi nal specifi cation of the RCIP - 
based interactions will not meet the real implementation of the commercial 
equipment produced today, becoming the source of future interworking 
problems.  

  Problem 3: Weak Specifi cation of the Modules Functionalities.     The 
current specifi cation of some modules does not really specify a general state 
machine of the module and functions. This scenario could lead to vendor - specifi c 
solutions, resulting in competitive problems that are not only due to the inter-
working problems between different vendor equipments but also due to the 
overlapping of functionalities and/or lack of them. 

 Therefore, it is felt that the implementation guidelines to support the 
specifi cation of the interfaces and the development process are missing. This 
would not mean the specifi cation and standardization of the algorithms that 
implement the functionalities and that, in fact, could constitute the competitive 
difference between different providers, but at least to clearly identify input and 
output parameters as well as the raw description of the processes that should be 
triggered in each module.  

  Problem 4: Non - open Interfaces to Confi gure the Network Equipments.     
One of the key points in the provisioning of QoS is the coordination of the 
different QoS mechanisms available in different network technologies. In order 
to do that, it is important to have access to the Network Equipments involved in 
the end - to - end path as well as to have the availability of mechanisms to provide 
confi guration commands to the different equipments. 

 For instance, during the integration of the EuQoS system with several 
network technologies, the project had to address several integration problems 
due to the lack of common reference points in the different network elements. 
For example, in order to integrate UMTS technology, there were different refer-
ence points to interact with the GGSN depending on the vendor provider. This 
issue resulted in the need for the EuQoS system to relay on the UMTS user 
interface to setup PDP context as the only possible standard compliant solution 
to integrate QoS UMTS built - in mechanisms. 

 Similar problems were faced to integrate the Ethernet technology, where 
different strategies to interact with the switches had to be followed depending 
on the equipment vendor. 

 If non - open interfaces are available in the network equipments, the provi-
sioning of QoS guarantees will be hard to deploy due to the high dependence on 
specifi c vendor solutions that will probably try to provide their network control 
platforms for the new equipments. If this issue is added to the lack of a clear 
specifi cation of the interface between different control layers (in particular, 
between the RACS deployed in different domains), this could lead to a general 
interoperability problem (both between technologies and between domains), 
rendering the end - to - end QoS provision almost impossible.  
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PROBLEMS AND RECOMMENDATIONS FOR NGN EVOLUTION 13

  Problem 5: The Regulatory Environment Is Not Clear.     Nowadays, multiple 
regulatory scenarios are being defi ned across the world with a clear trend toward 
enforcing some way of functional separation between services and networks 
operations. In this scenario, all those systems based on the vertical integration of 
services and networks will probably not be viable. Therefore, a clear specifi cation 
of the interfaces between service layer and network layer will be necessary in order 
to ensure the validity of the NGN proposals in different scenarios. This means that 
NGN specifi cation must meet the requirements imposed by the different roles that 
could arise in the different business models that can be foreseen for the near future. 

 In this context, the clear specifi cation of reference points will be mandatory.   

   1.2.2    Recommendations and Proposals to Provide  Q  o  S  in  NGN  

 According to the problems exposed in Section  1.2.1      and according to our experi-
ence, a set of recommendations are provided in this section in order to allow the 
integration of end - to - end QoS capabilities in ITU - T NGN. 

 All the recommendations are made taking into account that Net Neutrality 
will be a requirement from the end users (who are willing to improve their QoE 
in Internet) and from the regulators (whose position is clearly against  “ walled 
gardens ” ). 

  Recommendation 1: Clear Analysis of the Users ’  Requirements and 
Knowledge.     The end users ’  behavior has become a moving target in the Internet 
era. The operators have seen an evolution of a landscape of a single service with 
a very predictable demand to a situation in which there are a myriad of services, 
most of them generated by the users, with a demand that is highly unpredictable. 
Therefore we need to assess the user demand and evolution at this point in time. 
It is important to carry out market studies in order to know the end - users ’  expec-
tations and how they can use the new QoS capabilities with the new services. 
In particular, at least the following questions must be addressed: 

   •      What is the end - users ’  knowledge about QoS? What do they really know 
about this concept?  

   •      Which end - to - end attributes (such as security, reliability, availability, fail 
recovery, etc.) would be required by the end users?  

   •      What are the most used end - users devices (IPhone, PDAs, laptops, etc.)? 
How many attributes should be provided by a common user?  

   •      What Internet Services are more in demand by the end users? What is the 
added value of operators ’  services perceived by the end users?    

 With this study, we could characterize the current Internet usage and infer 
the Future Internet access requirements. Taking into account this characteriza-
tion, it is important to provide the following conclusions: 
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14 ROADMAP FOR NEXT-GENERATION COMMUNICATIONS NETWORKS 

   •      Identifi cation of the current Internet access limitations in terms of QoS as 
it is perceived by the end user.  

   •      Specifi cation of the new requirements for Network Performance, especially 
taking into account new services such as High - Defi nition TV (with its 
associated QoS requirements), 3D Internet applications, or P2P applica-
tions. This could be the starting point of the specifi cation of the Future 
Internet Classes of Services in terms of e2e QoS guarantees (IPTD, IPDV, 
and IPLR) and other performance metrics (availability, security, fail recov-
ery time, etc.)  

   •      First draft of the end - user Interfaces that could allow the invocation of 
advanced network capabilities services.    

 This analysis will be mandatory in the specifi cation of the AMS end - users refer-
ence points; this must be comprehensible by the end user and must be able to 
support requests for different Internet applications with different QoS 
requirements.  

  Recommendation 2:  Q  o  S  Must Not Be Against Net Neutrality.     The 
evolution of NGN transport technologies offered as network services create an 
excellent opportunity for the innovation, but not just for the operators (to provide 
their own services) but also for end users and service providers. If these capabili-
ties are offered in a fair way, the QoS will be a clear driver for the development 
of guaranteed services to any party. 

 Effectively, a framework to provide guaranteed QoS is not necessary for just 
discrimination or fi ltering for other non - QoS applications. In order to meet this 
requirement, it is important that this framework provides to the end users and 
service providers a (set of) clear interface that could allow the user to decide 
which QoS level is required for each of his/her fl ows. In this way, QoS will be 
provided not only to operators ’  services but also to other Internet services 
according to the end - users ’  demands. 

 If the specifi ed framework meets this requirement, it could allow the network 
operators to provide their own services and also to take advance on third - party 
applications (Internet services) as a driver to offer advanced QoS connectivity 
services. In a scenario where the QoS is offered as a service, it is necessary to 
provide mechanisms to ensure that the capabilities are effectively provided, and 
therefore these monitoring capabilities should be linked to the development of 
the system itself.  

  Recommendation 3: New Business Models Must Be Drafted.     
Clark et al.  [15] , state that:

   One can learn from the past. To some of us in the research community, a real 
frustration of the last few years is the failure of explicit QoS to emerge as an open 
end - to - end service. This follows on the failure of multicast to emerge as an open 
end - to - end service. It is instructive to do a post mortem on these failures.  
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  Here is one hypothesis. For the ISPs to deploy QoS, they would have to spend 
money to upgrade routers and for management and operations. So there is a real 
cost. There is no guarantee of increased revenues. Why risk investment in this case?  

  If the consumer could exercise effective competitive pressure in ISP selection, 
fear and greed might have driven ISPs to invest, but the competitive pressures 
were not suffi cient. On the other hand, if ISPs use the new QoS mechanisms in a 
closed way, rather than an open way, they greatly enhance revenue opportunities. 
Thus, for example, if they deploy QoS mechanisms but only turn them on for 
applications that they sell, they reduce the open nature of the Internet and create 
opportunities for vertical integration. If Internet Telephony requires QoS to work, 
and they only turn on QoS for their version of Internet Telephony, then they can 
price it at monopoly prices.    

 This statement lets us think that a possible risk is that the current Internet model 
could evolve according to the next two threads: a classical best effort Internet 
(where carriers will limit their investments) and a premium Internet (where ISPs 
will invest in NGN equipment to ensure high QoS capacities but at high prices). 

 From the social point of view, this would result in the lack of the universality 
of the Internet. In this context, the specifi cation of business models to support a 
better resource usage and economical revenues is a must. 

 In this context, the study of the evolution of the society will have to be taken 
into account. In this kind of study, a new generation has been identifi ed as being 
 “ always connected ”  to use a wide variety of services and applications in the 
Internet (social networks, P2P fi le sharing, video streaming, videoconference, 
gaming, etc.); thus, these people would highly value all those connectivity services 
that are neutral, reliable, ubiquitous, and able to support multiple traffi c profi le 
demands. This could be the starting point for the specifi cation of those business 
models that could guarantee the deployment of end - to - end QoS. 

 On the other hand, some service providers not integrated with the network 
providers could have the need to collaborate with the network providers (that 
manage the last mile of the network) in order to provide carrier - class services. 
This could be interesting for streaming - based services 2  or gaming applications. 3  

 It should be noted that the specifi cation of these business models should also 
consider the evolution of interconnection agreements.  

  Recommendation 4: To Promote the Standardization and Implementation 
of Reference Points in Commercial Equipments.     As stated before, one of the 
key points in the provisioning of QoS is the coordination of the different QoS 
mechanisms available in different technologies. In order to do that, it is important 
to have access to the network equipments involved in the end - to - end path as well 

   2      In  http://www.layer3media.com/joost/joost - network.pdf , Joost presents its architecture to provide a 
VoD service based on P2P systems, but at the end it is clearly stated that a possible collaboration 
with network providers could be benefi cial in order to control the capabilities available in the last 
mile (that is, not under the control of the service providers).  

   3      In the Xbox, LIVE service could take advantage of the QoS capabilities in order to improve the 
end - user QoE.  
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as to have the opportunity to introduce some minor modifi cations in the different 
equipments. 

 In order to achieve this goal, the specifi cation of reference points in the 
different network equipments is mandatory in order to reuse the built - in mecha-
nisms to provide end - to - end QoS. This would avoid some of the same   integration 
problems as those faced in EuQoS during the integration of the UMTS or 
Ethernet technologies that were described in the previous section. 

 As a fi rst step in this direction, some companies 4  have recently opened their 
interfaces and operating system in order to allow third parties to implement 
different applications, such as bandwidth management strategies.  

  Recommendation 5: To Design a Common Framework to Provide End -
 To - End  Q  o  S :  IP  Interconnection Models.     In order to really meet the QoS 
requirement, it is essential to ensure the QoS in the end - to - end path. Therefore 
the coordination between the different domains and technologies will be required, 
at least in the different access technologies. As a consequence, it is necessary 
to promote the specifi cation of a common framework for IP interconnection 
to be used as the basis for the synchronization of the QoS mechanisms available 
in different domains. The impact on the routing protocols must be studied. 
In reference  8 , the EuQoS system presents its interdomain routing strategy 
based on EQBGP that allows the different domains to announce their QoS 
capabilities. 

 Therefore, in order to guarantee the provisioning of end - to - end QoS in any 
network, it is important to defi ne a set of end - to - end Classes of Services (CoS) 
well known by all the domains (that follow their own strategy to implement each 
CoS) in order to defi ne a converged policy control infrastructure.  

  Recommendation 6: Implementation of Preliminary Version of Some 
Interfaces.     As was stated in the previous section, one of the major problems 
in the development of NGN architectures is the interfaces specifi cation and 
implementation. In order to really success in the implementation of the inter-
faces, it is mandatory to be able to perform interaction tests. For this reason, it 
would be recommendable to build basic modules in order to launch compatibility 
tests.  

  Recommendation 7: To Build a Common  NGN  Roadmap.     In order to be 
a reference in the standardization process for NGN, ITU - T, ETSI/TISPAN and 
3GPPP should provide a clear roadmap of the technologies, business models, 
users ’  requirements, etc., that are being covered or are expected to be covered 
in the near future. This would allow the alignment of the research efforts in the 
standard fora and, indeed, in the different implementation efforts done by the 
different main vendors. 

   4      Juniper and Cisco have recently released SDK for its operating systems.  
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 To sum up, this roadmap should let the different players (operators, vendors, 
regulation bodies, etc.) know when the different standards are expected.    

   1.3     NGN  ROADMAP 

 According to the recommendations presented in the previous section, the speci-
fi cation of a roadmap to defi ne the evolution of the NGN technologies is an 
important requirement to make possible the synchronized and effective evolu-
tion of the NGN as a key construct of the Future Internet. 

 In the scope of the EuQoS project, such a roadmap was developed consider-
ing the status of the technology in such a moment. This roadmap was presented 
in Callejo and Enriquez  [16] , and it is updated (see Figure  1.3 ) considering the 
recent developments.   

 The technology roadmap has been built considering both business and 
technological perspectives. In particular, the following evolution threads are 
considered: business models, user requirements, service plane, control plane, 
underlying network technologies, and operation capabilities. 

     Evolution Thread 1: Analysis of the Different Business Models.     The 
analysis of suitable business models is a must in order to defi ne the evolution of 
NGN networks. It is important to clearly identify how the different stakeholders 
could get incentives from the different features to be developed. 

 In order to build the Internet of the Future with additional capabilities, it is 
important to understand which party will take advantage of it and how much the 
party is willing to pay both directly (i.e., if the customer pays directly) or indi-
rectly (i.e., incomes coming from publicity). This would result in the specifi cation 
of open interfaces requirements (from the economic point of view) and in an 
evolution of the current interconnection models.  

  Evolution Thread 2: Analysis of the End - Users ’  Requirements.     As stated 
in the recommendations, the analysis of the end - user behavior and an estimation 
of their future preferences is a must for the success of the NGN. This requirement 
could cover multiple issues, such as security, usability of the interfaces, and so on.  

  Evolution Thread 3: Evolution of the Service Plane.     This evolution thread 
aims to analyze the features to be covered in the Service Plane of NGN. These 
technical features are developed according to the business models and the speci-
fi cation of the users ’  requirements. 

 Important aspects to be covered here are all the issues related to the man-
agement of the user profi le and the mechanisms for AAA.  

  Evolution Thread 4: Evolution of the Control Plane.     The mechanisms 
and features to be integrated and or developed for the deployment of the 
QoS guarantees should be analyzed. The evolution of this plane must consider 

c01.indd   17c01.indd   17 7/22/2010   10:31:42 AM7/22/2010   10:31:42 AM



Bu
si

ne
ss

 M
od

el
s

Tr
ip

le
 P

la
yS

er
vi

ce
s

Op
en

In
te

rfa
ce

Ne
t N

eu
tra

lit
y

Ho
m

e 
Ne

tw
or

ki
ng

Us
ab

ili
ty

/U
nd

er
st

an
da

bi
lit

y
Se

cu
rit

y

Se
cu

rit
y

Se
cu

rit
y

LT
E

Li
gh

t w
ei

gh
t Q

oS
 a

pp
ro

ac
he

s
Qo

S 
Fr

am
ew

or
k 

Re
vi

si
on

(n
ew

 Q
oS

 re
qu

ire
m

en
ts

)

FT
Tx

HG
I

UM
TS

Et
he

rn
et

IP
/M

PL
S

W
iF

i

xD
SL

In
te

rd
om

ai
n

Ro
am

in
g

NA
T

CA
C

EQ
-B

GP

AA
A 

&
 C

ha
rg

in
g

Tr
af

fic
 C

on
di

tio
ni

ng

Qo
S 

On
 D

em
an

d 
Se

rv
ic

e

An
y 

Ap
pl

ic
at

io
n

Si
gn

al
lin

g 
(S

IP
, H

.3
23

)

Te
ch

no
lo

gy
 In

de
pe

nd
en

t
Us

er
 P

ro
fil

e

Te
ch

no
lo

gy
 D

ep
en

de
nt

Te
ch

no
lo

gy
In

de
pe

nd
en

t

IP
v6 NA

T

W
im

ax

GM
PL

S

HS
PA

Sa
te

lli
te

To
po

lo
gy

 M
ai

nt
en

an
ce

Pe
rfo

rm
an

ce
 E

va
lu

at
io

n
In

te
rn

et
 tr

af
fic

 m
on

ito
rin

g

Fa
ilu

re
 R

ec
ov

er
y

Qo
S 

Au
di

to
ry

 S
ys

te
m

s

M
ul

ti-
la

ye
r r

ec
ov

er
in

g 
al

go
rig

hm
s

IP
/G

M
PL

S 
Co

or
di

na
tio

n

Do
S 

at
ta

ck
s 

de
te

ct
io

n

Pe
r-

flo
w

M
on

ito
rin

g

Pe
r-

Ag
gr

eg
at

ed
M

on
ito

rin
g

NA
SS

 (T
IS

PA
N)

Ne
w

 D
at

a 
M

od
el

s
In

te
rg

ra
tio

n 
w

ith
 3

GP
P

Se
rv

ic
e 

Pl
an

e

Dy
na

m
ic

 A
dd

re
ss

M
an

ag
em

en
t

Pr
eP

ay

PC
E

Op
en

 In
te

rfa
ce

s 
fo

r c
on

fig
ur

in
g 

th
e 

us
er

’s
 p

ro
fil

e

In
te

rn
et

 M
od

el

 S
tru

ct
ur

al
 s

ep
ar

at
io

n:
 A

PI
s 

fo
r t

hi
rd

 p
ar

tie
s

IP
 In

te
rc

on
ne

ct
io

n 
M

od
el

s

E2
E 

Qo
S

Se
rv

ic
e 

Av
ai

la
bi

lit
y

Ub
iq

ui
to

us
 s

er
vi

ce
s

Us
er

 R
eq

ui
re

m
en

ts

Se
rv

ic
e 

Pl
an

e

Co
nt

ro
l P

la
ne

Un
de

rly
in

g 
Te

ch
no

lo
gi

es OA
M

D
e
c
’1
1

D
e
c
’1
0

D
e
c
’0
9

D
e
c
’0
8

D
e
c
’0
7

   
  

Fi
g

u
re

 1
.3

.  
   N

G
N

 r
o

ad
m

ap
.  

18

c01.indd   18c01.indd   18 7/22/2010   10:31:42 AM7/22/2010   10:31:42 AM



REFERENCES 19

operations at different timescales (i.e., for the reservation per aggregate fl ows 
and the actions to be done according to end - users ’  requests).  

  Evolution Thread 5: Evolution of the Underlying Network Capabilities 
(Transport Capacities).     As far as new network technologies appear, it is impor-
tant to identify when there will be solutions able to interoperate with the new 
network equipment and to reuse their built - in QoS mechanisms. 

 Moreover, in this thread, it is very important to ensure the interoperability 
and cooperation between different network technologies. A clear example would 
be the coordination between optical capabilities and the IP core routers.  

  Evolution Thread 6: Evolution of the  OAM  (Operation, Administration, 
and Maintenance).     OAM (Operation, Administration, and Maintenance) 
includes all those features that should be required in a commercial system, espe-
cially focusing on security and auditory capabilities. This is a key requirement in 
order to ensure the traceability of the delivery of QoS - based services.     
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