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Outline of the Talk

• Communication through a Poem

• Next Generation Networking

• Ubiquitous Networking

• Future Vision and Directions

• Convergence

• Wireless Technology Trends

• Key Technologies

• Long Term Evolution (LTE) – Path to 4G

• Optical Network Research Issues
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“UP IN THE AIR”
BOB
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Up in the Air
(Bob Aron………………….Comm. Mag. 1207.12)

Fiber to the mile‟s post

Gives to us a speedy host

Copper is still at the end

So, no digging now my friend.

Not by wires do we slave

When we send by microwave.

Even in the media wrath

MIMO tames the signal path.
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Up in the Air (Bob)……………...Contd.

Thus expect for years to come

We will use more than just one,

Fiber, coax, copper pairs

Signals going through the airs.

It is in the latter case 

Where we match the mobile race,

Every one is on the go

Latest info they must know.
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Up in the Air (Bob)……………..Contd.

It‟s WiMAX and Wi-Fi too

(Where the teeth are colored blue)

Not just for our business needs

But finding kids lost in weeds

Further on, by shafts of light

Broadband signals, line of sight

Depending on budget tight

Sending out a terabyte!!

Who will need this wide bit stream?

Why is this a wild dream?

When will we expand our sight?

How to „‟use up‟‟ beams of light?
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Summary definition of NGN from ITU
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Telecoms operators are moving to NGNs for a 

number of reasons, including: 

– Existing PSTN equipment may be reaching the end of 

its economical life, e.g. with ongoing maintenance 

support being harder and more costly to obtain. 

– Operational costs can be reduced by running a single 

converged network rather than multiple legacy 

networks. 

– Innovative services can be developed to improve 

customer experience. 

– New services can be brought to market faster and at 

lower cost than is possible using traditional 

technologies. 
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NGNs also have important service characteristics, 

as seen from the perspective of a consumer:

• Continuity – Consumers will be able to continue to use those 
PSTN services they are used to, with essentially no change. 

• Ease of migration – Consumers will be able to migrate 
seamlessly to new services offered by the same operator. 

• Single access to multiple services – Driven by the separation of 
the service layer from the network layer. 

• Innovative new services – New services will have richer 
functionality (e.g. personalised, location-aware), and reduced 
time-to-market, since they exploit the distributed intelligence 
inherent in an NGN. 

• Empowerment – Consumers will have an increased capability to 
configure and manage services to meet their personal 
requirements. 
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Some of the NGN Industry standards forum
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Fig 14: NGN is about simplifying networks
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Fig 15: Typical representation of NGN 

architecture
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Fig 16: Generic benefits, costs and risks for 

incumbents considering NGN investments
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Fig 17: Overlay scenario
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Fig 18: Expected performance of various 

access technologies
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Fig 19: Current BT network
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Fig 20: Single IP Architecture
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5. Conclusion

Athens, Greece, 8 May 2009
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NGN in 4 words…

NGN = Broadband Managed IP Network

• for Services

• for Businesses

• for Players

• for Users

• by Fixed

• by Mobile

• by Wireless

1. NGN Architectures
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Resource and Admission Control Functions
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Service Stratum
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Transport Stratum
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Transport
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o Policy Decision Function
service facing, transport independent

o Transport Resource Control Function
service independent, transport dependent, 
network-segment specific

o Policy Enforcement Function
typically part of border transport elements

intra-

domain

inter-

domain

RACF

 Augments native transport QoS support

 Preempting transport congestion at the 

service control layer

 Protecting ongoing premium traffic

1. NGN Architectures
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Service delivery 
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Evolution 

scenario of PSTN 
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solution

Border gateways 

enabling secure 

interworking

Media processing to 

assist content delivery

Key Features of NGN Functions
1. NGN Architectures
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Definition of IPTV

IPTV is defined as multimedia services such as 

television/video/ audio/text/graphics/data delivered over 

IP based networks managed to provide the required level 

of QoS/QoE, security, interactivity and reliability

• Multimedia Services

• Over IP based networks

• Managed capabilities

IP

Scope

Of

IPTV

More than 

TV distribution

QoS/QoE, Security

Interactivity, Reliability

Athens, Greece, 8 May 2009

1. NGN Architectures
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Multi-Service Packet Transport

802.xx
Access

2G/3G
Wireless

Cable

xDSL

Domain 1

IntServ

Domain 4

Over-Prov

Domain 2

DiffServ
Domain 3

MPLS-TE

IP

TV

NGN
Integrated QoS, Traffic control,

Security, Multi services etc.

QoS, Traffic control, Security,

X-casting, Accounting etc.

NGN as an Infrastructure for IPTV

1. NGN Architectures
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 NGN, by definition, is identified an infrastructure 

using packet technologies.
– There is no specific mention which packet technology NGN 

should use, but generally assuming IP as a dominant packet 

technology today.

– There are also no specific statement to specify the version of IP 

such as „version 4‟, „version 6‟ or „version 9,‟ but most parts of 

NGN related ITU-T RECs are mainly assumed „version 4‟

 ITU-T has been initiated the study on „Impacts of 

IPv6 into the NGN‟ which looks for the usage of IPv6 

features into the NGN.
– ITU-T SG 13 Q.7 has been developed 4 draft RECs on IPv6 

based NGN.

2. Why need IPv6 based NGN

Relationship between NGN and IP

2. IPv6 NGN
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Ubiquitous network

 Grid networking 

 Mobile computing

 Integration of Wireless and Wireline

 Home Appliances

 Peer-2-Peer applications

 Virtual Private Networks 

 Multi-user gaming

 Internet-enable new devices

 Military applications

IPv6 Drive

2. Why need IPv6 based NGN
2. IPv6 NGN
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 Lack of IP addresses: efficient use of v4 but 

move to v6

 Reliability
– Improve bandwidth: xDSL, Optics etc.

– Managed Routing: MPLS etc.

 Quality of Service: Managed by SLA, Session 

based

 Security: being developed now but intrinsic 

difficulties

 Mobility: Mobile/Wireless accesses, Mobile IP

 Configurability: Auto-configuration functions

1. Key Feature of IPv6

Possible solutions

2. IPv6 NGN
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 General requirements of IPv6–based NGN are identified requirements 

which influenced by IPv6 features

 IPv6 based NGN shall share NGN R1 requirements generally

 Further requirements according to IPv6 features identified as IPv6 

requirements

 IPv6 related requirements would be incorporated into NGN R2 

requirements

• IPv6 based NGN shall accommodate the IPv6 addressing schemes. 

• IPv6-enabled FEs should differentiate the control information 

from the IPv6 packets. 

• IPv6-based NGN shall support the address transition and 

interworking without affecting the service provided to users. 

• IPv6-based NGN shall support the IPv6 extension headers 

and options.

General Requirements of IPv6 based NGN

4. Requirements and Architecture

Requirements of IPv6 based NGN

2. IPv6 NGN
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IPv6

Enabled

End-User

Functions

xDSL Access 

Mobile Access 

Wireless Access (WiMAX) 

Fiber Access 

Core Network 

Service Stratum 

Application 

IPv6 based IP Connectivity

IPv6
En-

abled

Proce-

ssing

IPv6 based service/application

3. Definition and Scope

Scope of IPv6 based NGN

2. IPv6 NGN
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NGN1

IPv6-based
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IPv4-based

IPv4-based

NGN2
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2b

2c

IPv6-based

3c
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Intra-NGN Communication

Interworking between Non-NGN

Inter-NGN Communication
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Interworking with Non-NGN
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2

3

4. Requirements and Architecture

Relationship with other networks

2. IPv6 NGN
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Overall Future Directions

3. Future Vision
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Clue for the Future Preparation

Future should direct to the Convergence

• Vision: Any Time, Any Where, Any Services and 

Any Devices

• FMC should be the 1st instantiation

• 2nd should be the IPTV

• Any information/services over any transport 

infrastructures: VoDSL, TVoMobile, etc.

• Internal Convergences (within a industry): FMC,

IPTV and others

• External Convergences: between/among different

industries, e.g., Telematics/ITS, USN, e-Health,

Networked Robotics and others

Convergence classifies into following:

3. Future Vision
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The vision of ubiquitous networking

•Always on with Any devices

•Anytime, anywhere and in any form

•Voice and multimedia

•Self service, intuitive

•Simple for the end user

•Secure, trusted and reliable

Services on the Convergences

3. Future Vision
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Extension of “Quality of Service”

Meaningful QoS over NGUN
Services over „Connecting to Anything‟

Quality of Security Quality of MediaQuality of Mobility

• Network AAA;
Terminal, User,

Mobility, Access etc.

• End-End QoS

• QoS Monitoring

• Service Policy handover

• RT Mobility control

• Service Continuity

control

• Security support

Quality of 

Personalization

• One-stop Service

• Service AAA 

• Personalized service

Open/Control

Need further study in more details

3. Future Vision
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Physical Communication Infrastructure

Radio/Wireless

Spectrum:

fi

Wave Length:

λi

Full Converged

MM Terminal

3. Future Vision
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Logical Communication Infrastructure

Mobile Phone Nr

Fixed Phone Nr

WiFi/WiBro Id

Cable/IPTV Id

Internet Id

User Id:

Earth-Korea-

Man:LeeChaesub

-19yy-mm-dd

- Certified by UN -

3. Future Vision
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Business Communication Infrastructure

Mobile

Phone

Fixed Phone

WiFi

WiBro

Cable/IPTVInternet

One Integrated

Bill

3. Future Vision
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Key theme of Future Control Plane: Identity Processing

User Id:

Earth-Korea-

Man:LeeChaesub

-19yy-mm-dd

- Certified by UN -

User ID Customer ID

Family 1

Family 2

Family 3

Family 4

Mobile

Phone Nr

Fixed 

Phone Nr

WiFi

WiBro

Id

Cable/

IPTV

Id

Internet

Id

Service ID

Line ID

E.164 ID

MAC ID

ATM/Ether

net ID

IP Address

TCP/UDP 

Port ID

Session ID

Media ID

Provider ID

Content 

Owner ID

Comm. ID

3. Future Vision



SLM-Anshu. NGN. 010709       

ITU-T 2009-21

38
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Key theme of Future Management Plane: ABC Processing

Accounting:  Set of functions required for Usage Metering, Charging and 

Billing (ITU-T Rec. Q.825)

Billing: Administrative function to prepare bills to service customers, 

to prompt payments, to obtain revenues and to take care of 

customer reclaims (ITU-T Rec. Q.825)

Charging:      The set of functions needed to determine the price assigned to  

the service utilization (ITU-T Rec. Q.825)
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Billing and Bill

3. Future Vision

Int.

Bill

(1 or 2)

: User

Conv.
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Definition of Ubiquitous in ITU-T

“The term used for networking capabilities to 

support various classes of applications/services 

which require “Any Services, Any Time, Any 

Where and Any Devices” operation using NGN 

enabled capabilities. This networking capability 

should support human-to-human, human-to-

object (e.g., device and/or machine) and object-

to-object communications.”

Temporary definition in ITU-T Draft Rec. Y.NGN-UbiNet:

„Overview and Principles for Ubiquitous Networking in NGN‟

4. NGU(Ubiquitous)N(Networking)
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Vision and Goals of NGUN

Vision

– Everything of value is connected to the network

• Physical mobility & Service mobility

Goals

– Widespread interconnection of computing and 

communication devices

– Pervasive networks that include both wireline and 

wireless segments

– Mobile-to-fixed; mobile-to-mobile architectures

– Includes public and private information spaces

– Embedded intelligence, anywhere and anytime

4. NGU(Ubiquitous)N(Networking)
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Key Requirements for NGUN

• More connectivity for whenever, whoever,

wherever, whatever, etc;

• More reality for subconscious connectivity to 

provide connectable real world environments;

• More intelligence for innovative communication 

to accelerate value creation.

4. NGU(Ubiquitous)N(Networking)
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Four Key Technology Enablers

Tagging Things: RFID 

• enabling real-time identification and tracking 

Sensing Things: Sensor technologies 

• enabling detection of environmental status and sensory 
information 

Thinking Things: Smart technologies 

• building intelligence into the edges of the network

• enabling smart homes, smart vehicles etc

Shrinking Things: Nanotechnology 

• making possible the “networking” of smaller and smaller objects 
(more powerful?!)

4. NGU(Ubiquitous)N(Networking)
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Basic conceptual Model of NGUN

NGN

PC

Human-to-

Human 

Communication

Human-to-Object 

Communication

Human-to-Object 

Communication

Object-to-

Object 

Communication

PDA

Wearable 
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Mobile 

Phone

Home 

Electronics

Vehicl

e RFID tag

Sensor

s
TV

Smart 

Card Telematics, 

Navigation 

Device

Database

, Web, 

applicati

on server

Medical 

Device

Camera

Ubiquitous Networking

Humans

with 

Attached 

Devices

Objects (Remote 

Monitoring and 

Information 

Devices)  

Home server, 

gateway

4. NGU(Ubiquitous)N(Networking)
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New PDA‟s for Ubiquitous 

Environments, 

Digital Home Appliances, 

Wearable Computers

High Performance 

Computing, 3G-2-4G, ISO 

Standards

Technologies for NGUN

Ubiquitous 

Networking

Devices

Network

Contents, 

Services

Impacts

Applications

Infrastructure
Personalized Services, 

Content Distribution, 

Steaming Data Distribution, 

Digital Rights Management

IPv6, Security, Seamless 

Network, QoS over 

Heterogeneous Networks, 

Sensor Networks

Ultra-small One-Chip 

Components, RFID, Sensors, 

Smart Things 

Ubiquitous Society, Mobility 

vs. Ubiquity, Business 

Models, Government 

Regulations

4. NGU(Ubiquitous)N(Networking)
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Functional Architecture of NGUN based on NGN

4. NGU(Ubiquitous)N(Networking)
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Identity Processing for NGUN

Applications

(Human, Objects)

Services

(Service stratum)

Networks

(Transport stratum)

User/Object 

Identities

Service IDs

Communication 

IDs

Name 

(Attributes)

Identification/

Authorization

Mapping/

Binding

RFID, Content ID, 

Telephone 

number,

URL/URI,  etc

Session/Protocol ID, 

IP Address,

MAC Address, etc

Directory Services,

Domain Name Services

Ubiquitous Networking 

Services

Layered 

Architecture
Ubiquitous Identity 

Processing

Networked ID Services

Location Management 

Services

Identity Management 

Services

Context-Aware Services

4. NGU(Ubiquitous)N(Networking)



SLM-Anshu. NGN. 010709       

ITU-T 2009-30

47
ASTAPXX/FRXX/XX/XX

Overview of IPv6 based NGN

 IPv6-based NGN: This is a NGN which support addressing,

routing protocol and mechanisms of IPv6

 IPv4-based NGN: This is a NGN which support addressing, 

routing protocol and mechanisms of IPv4

 IPv6-based Non-NGN: This is an IPv6 based packet network 

which is not comply with NGN

 IPv4-based Non-NGN: This is an IPv4 based packet network 

which is not comply with NGN 

IPv4 based

IPv6 based

NGN

IPv4 based

IPv6 based

Non-NGN

NGN: Currently IP based …

5. Conclusion
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Limited BB

BE IP

Limited 

Services

N

G

N
Converged Broadband

Managed IP

FMC RFID IPTV Others

Business/Application oriented projects

•Simple linkage btw layers

•Simple business relationships

•Simple players

•Simple linkage btw layers with dynamics

•Diverse and Flexible business relationships

•Diverse business models and players

NGN: Enabler for Convergence

5. Conclusion
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Transport Agnostic

NGN: Changing Regulation Frameworks
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5. Conclusion
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Trends for the next generations

• Support for advanced and wideband multimedia services

• Extended coverage area, enhanced system capacity

• High data rate, over 100 Mbps in some cases

• High speed, low delay

• Software defined radio (SDR)

• Seamless mobility and internetworking in hybrid networks.

• Digital Convergence of the Telecommunication and 
Multimedia Broadcasting

• All-IP system such as Mobile IPTV
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Key Technologies of Advanced Communication

methods are as following

• Orthogonal Frequency Division Multiplexing (OFDM)

• Advanced channel coding techniques (Turbo codes, 

LDPC codes)

• Multi-antenna signal processing (MAS)

• Multiple-Input, Multiple-output (MIMO)

• Smart antennas

• Space-time coding

• Ad-hoc operation
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Effective dynamic power reduction technologies 

are

• Clock gating (20%-40% dynamic power 

reduction)

• Dynamic/Adaptive Voltage Scaling (20% - 50% 

dynamic power reduction)

• Variable Threshold CMOS(VTCMOS)

• Combinations of Adaptive Voltage Scaling and 

VTCMOS
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Some critical Innovations with glorious past 

and promise of shining future

• Mobile Telecommunications

• IC Revolution – Digital Electronics –

Processor and Memory

• The Internet and Web Technologies
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Dreams, Challenges and Achievements

1. Space Exploration – Humans in Space 

2. Robots

3. Nano Technology

4. Security 
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Mass Appeal – Far Reaching Applications

1. Medicine and Health Care

2. Transportation – Intelligent Transport 

Service/ System

3. Sports and Games
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Path to 4G Mobile – Long Term Evolution 

(LTE)

Issues and Requirements for NGN
1.   Evolution of cellular Network

- Circuit to Packet Switching

- Voice to Voice & Data – to 
Multimedia

2.  Terminals moving between wired (Cable,  
Fibre, DSL) and Wireless

3. Sessions originate, terminate and to be 
maintained during movement  

….continued
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LTE continued….

4. Important Parameters : Bandwidth and Quality 
of Service

5. Protection – Authentication, Encryption, Other 
Security Mechanisms at Access, Network 
Layers

6. Radio Technology with improved performance 
and reduced complexity

7. Service Architecture Evolution

….continued
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LTE continued….

8. Long Term Evolution

(i) Evolved Packet Core (EPC) and 

(ii) Evolved Universal Terrestrial Radio  

Access Network (e-UTRAN)
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LTE continued….

Desirable 

1. Core Network should be based on IP

2. Core should be same for 3GPP Radio 

Acess (LTE, 3G & 2G), non – 3GPP 

Radio Access (HRPD, WLAN, WiMAX) 

and Fixed Access (Ethernet, DSL, Cable, 

Fibre)  
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LTE continued….

EPC (Evolved Packet Core) Paradigms

• Mobility 

• Policy Management

• Security

• EPC should provide User Terminals with 
Optimized Hand Over Schemes Between 
Different Radio Technology (LTE and 
HRPD)  
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LTE continued….

LTE Radio Access Based on 

1. Orthogonal Frequency Division Multiplexing 
(OFDM)

- To support different Bandwidths (1.4 - 20 
MHz) in both FDD and TDD Mode

2. Shared Channel Access providing Peak   Data 
Rate of 75 Mbps in Uplink and 300 Mbps in 
Downlink

Thus LTE offers a 4G Solution with Key holes of 
improved coverage and long battery life



SLM-Anshu. LTE. 020709         

Com Mag 2/09.SLM - 7

90

LTE continued….

• Recently demand for Mobile Data is Skyrocating 
– causing Challenges.

• Capacity of existing Networks is constrained

• Reasons for Mobile Data Explosion leading to 
Mobile Broadband 

- Advent of Web 2.0

- Graphically rich Internet

- Video Based content

- Unabated use of Consumer Electronics 
Gadgets such as Digital Camera, MP3 Players, 
Camcoders, online games 

- Mobile Media : Follow me content
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LTE continued….

LTE Network Solution should offer

• Lower Cost Per Bit

• Higher Capacity 

• Faster Data Speeds
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LTE continued….

LTE – Features, Attributes, Promises…

1. Popularly called 4G Technology

2. All-IP, based on OFDM (spectrally efficient –
more bits/Hz)

3. Technology of choice for 3GPP and 3GPP2 
mobile operators

4. Provides economy of scale and spectrum 
reuse
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LTE continued….

5. Offers a smooth integration and Handover to 

and from existing 3GPP and 3GPP2 Networks, 

supporting full mobility and Global Roaming

6. LTE can be deployed in a gradual manner as 

per the demand 

7. Brings to subscriber True Mobile Broadband  

(~ 5 ~ 10 Mbps ~ 15 ms latency) resulting in 

quality video experience and media mobility
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LTE continued….

8. Very flexible LTE standard – deployable in all 
current existing and future spectrum (as little 
as 1.4 MHz or as much as 20 MHz and grow 
the network with demand )

9. Different spectrum bands around the world 
including the new 2.6 GHz band (2x20 MHz 
virgin spectrum) also deployable in reframed 
900 MHz and 1800 MHz GSM bands

10. Brings improvement in capacity, speed, 
latency, faster access to applications, wealth of 
new applications similar to wired internet
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LTE continued….

11. Wall between wired and wireless comes down 

with LTE 

12. Allows watching latest TV series recorded on a 

DVR automatically transferred to 4G Net as 

one walks out door

13. Allows unloading content one‟s social network 

profile for friends‟ information

14. Power point files saved on laptop are 

instantaneously available on smart phone
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LTE continued….

• Latest pictures from LTE enabled Digital 

Camera can be uploaded onto Home 

Server or Social Networking site for 

family to see
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LTE continued….

Operator Investment / Migration 

1. 2G & 3G Operators          Leap frog to 

LTE 

2. TDD Operators can go for FDD LTE

3. 3G & HSPA       HSPA+ , but only near 

the cell user get improvement in peak 

rate. Thus HSPA+ is an interiem solution. 

Better to migrate to LTE straight 
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LTE continued….

• For HSPA+ 2X2 MIMO requires new 

hardware

• HSPA+ may face tough competition with 

early LTE operators 
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LTE continued….

Market Predictions

1. More than 20 Operators committed to 

LTE enabling 1.8 billion out of 3.5 billion 

users on LTE 

2. 32 million LTE subscribers by 2013 

3. LTE not before 2010 
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Figure 5. a) IMS service continuity architecture 

based around the SCC-AS
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Figure 5. b) simplified message

flow diagram for voice call transfer with IMS 

service continuity mechanisms.
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Optical Network Research Issues
by

Vincent Chan

1. Is the direction that optical network development 
heading the right one to give us lots more data 
rate and much lower cost?

2. What applications will demand more data rates? 
Is it SOA, Service-Oriented-Architecture, that 
has distributed data storage, distributed 
processing, etc.?

3. Will we ever use the many THz of bandwidth in 
a fiber?

4. Should we use all the bandwidth in a fiber?

….continued
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Optical Network Research Issues   continued…

5. Can we trade bandwidth for lower cost?

6. Should cost be the only and ultimate 
performance metric for a network?

7. Why are we still using an optical network 
architecture developed originally for electronic 
networks?

8. Are the properties of optical devices different 
enough for optical networks to benefit by 
different architectures from electronic networks?

….continued
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Optical Network Research Issues   continued…

9. Is packet switching architecture the ultimate 
universal transport?

10. Is optical packet switching the right transport 
for fiber networks?

11. Will optical logic gates ever be competitive with 
CMOS gates in power consumption, size and 
cost?

12. How can we make massive scale photonic 
circuits like CMOS?

….continued
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Optical Network Research Issues   continued…

13. What about burst switching? Is the throughput 
and delay acceptable?

14. Is flow switching a good alternative? If so 
when? What physical and higher-layer network 
architecture is right for flow switching?

15. Is coherent system the right choice for ultra-
high rate systems?

16. Should we invest more efforts on the 
development of lower loss (< 0.01db/Km) fiber?

17. What is the role of “carrier-class Ethernet”?

….continued
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Optical Network Research Issues   continued…

18. Will fiber networks always use higher network 
layer protocols that are IP based? 

19. Is TCP/IP the right protocol for very high 
bandwidth services (>1Gbps)? What is the 
throughput efficiency? What is the delay 
characteristic?

20. Is the increase in offered user data rates of 
optical networks ever going to beat Moore‟s 
Law?

21. When do power consumption and cooling 
become the dominant network cost?

….continued
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Optical Network Research Issues   continued…

22. Are there network architectures that use 
substantially less power?

23. Should users have direct optical access to the 
core network? Or should there be an electronic 
isolation at the Metro-access network interface?

24. Are all (and near-all) optical networks secure 
against denial of service attacks?
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