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 Hybrid network architecture scenario for broadband communications
» Hybrid architecture requirements
* Architecture models
* Main trends
* Interoperability issues
» Definition
» Players
» Enablers/barriers
* |Interoperability case studies
 BFWA with the IP/MPLS core, to extend DSL coverage
 BFWA as backhaul for WLAN access networks
« BFWA, IP/MPLS core with satellite systems
 BFWA as backhauling solution for mobile 2G/3G networks

e Conclusions
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Hybrid network architectures

The aimed broadband network is :
» High capacity for true broadband services ( ADSL like, Triple play etc.)
» Global coverage (rural or remote, sub-urban and urban area)
e Low cost
* For all users (fixed, nomadic, mobile)
» For different market segments (residential, SOHO, enterprise)

Distribution

Access
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Architecture models

Tunnelled network Hybrid network  Heterogeneous network

(G. Wu et al.,, IEEE Communication Magazine, February 2002)
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Trends and evolution

 The path towards a converged network requires many steps
» Voice and Data LAN Convergence
» Voice and Data WAN Convergence
 Wired and Wireless Convergence
» Convergence of Comms and Bus Apps
» Always-Connected World
» Network and Security Convergence
» |P/Ethernet Everywhere
* Interoperability is a key issue on this path !

Converged network
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Interoperability 1 puzzle

 Interoperability : ability to provide
communications and services between

environments of different domains , networks
different technologies , equipments

manufactureres /providers :
» end to end connectivity
» end to end QoS
 end to end security

successful
end users across a mixed
architectures including
etc..from different

and trustable

« Interoperability needs to be addressed on multiple fronts :

» Technology

» Standards

* Policy

» Spectrum/regulatory
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Interoperability players

Standardization bodies
 ETSI (European Communication Standards Institute)
 |EEE

Regulatory bodies
« ITU
« CEPT

Fora and alliences
e WiFi
WECA
e  WIMAX
« Etc.

Users and service providers and operators
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Wireless standards

Heterogeneous
networks




Performance Comparison

Standard Channel Frequency Maximum Typical Maximum
bandwidth bands data rate user rate bps/hz
802.15 1 MHz FH 2.4 GHz 1 Mbps 512 kbps ~1 (per cell)
802.11b 3.5 MHz 2.4 GHz 11 Mbps 5 Mbps ~2.7
802.11a/g 20 MHz 2.4 &5 GHz | 54 Mbps 15/27 Mbps | ~2.4
802.16 14,28 MHz 10 - 66 GHz | 155 Mbps ~120 Mbps ~5
802.16a 3.5-20MHz | 2-10GHz 65 Mbps 50 Mbps ~5
802.20 1.25 MHz < 3.5 GHz 4 Mbps 1 Mbps ~1 (per cell)
5 MHz 16 Mbps 4 Mbps
UMTS 1.25 MHz <2.4 GHz 2 Mbps 512 kbps ~1.
3.75/5 MHz
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Interoperability barriers

 Growing complexity of telecommunication world
 Too many standards

e Local regulatory bodies

e Legitimate need for innovation

e Many proprietary solutions to cope with challenging
technological issues

 Intellectually property rights issues
e Spread across wide spectrum
 Fragmented markets
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Interoperablility scenarios

BFWA (Broadband Fixed Wireless Access) with the
IP/MPLS core, to extend DSL coverage

BFWA as backhaul for WLAN access networks
BFWA, IP/MPLS core with satellite systems

BFWA as backhauling solution for mobile 2G/3G
networks (2G = GSM, 3G = UMTYS)
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Interoperability iIssues

In all the considered scenarios two main interopera bility enable rs are:

IPv6

— Enables end to end QoS control

— Facilitates roaming and nomadic access

— IPv4 to IPv6 migration (not a problem for dual stacks hosts)

— IPv4/IPv6 multicast translation mechanisms not yet standardised
Ethernet

— Dominant transport and interconnection technology

— Low cost

— Packet based technology

— QoS is still a challenge

Handover :

« |EEE 802.21 WG will enable handover between heterogeneous networks, i.e. both
802 and non-802 ones.

End-to-end security :
» achieved with IPSec, included in IPv6, independent of lower Iayersi %%
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BFWA to extend DSL coverage (1/2)

e ADSL is expanding rapidly, but for cost reason expa nsion is main ly
limited to cities.

« A combined ADSL and BFWA scenario can provide full
mitigate digital divide:

« BFWA can be used as high capacity backhaul networks for DSLAM
« BFWA can be used to extend DSL coverage also to nomadic users

« BFWA can be used when higher capacity transmission is required

coverage and

WiIMAX Cell
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BFWA to extend DSL coverage (2/2)

PE BS SS DSLAM |AD

* Interoperability issues specific with BFWA and DSL systems:

IPv6: the chosen convergence layer

Qo0S: Assuming packets to/from the core are DSCP-marked (for IPv4
TOS), CoS mapping between DiffServ and 802.16

Authentication : PPP produces overhead and wasting bandwidth, move to
a unique secure and decentralised authentication, like 802.1x
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BFWA backhaul for WLAN access networks

» Interoperability issues for a successful backhauling of WLAN traffic through BFWA:

Radio spectrum : WLAN: license exempt spectrum, BFWA both licensed and license
exempt

QoS : WLAN: 802.11e adds QoS features to PHYs 802.11(alblg), BFWA: connection
oriented MAC with QoS support

Non Line of Sight Propagation : Particularly for hot spot and indoor located WLAN

Better exploitation of Ethernet technology as atra  nsport techno logy : WLANS support
the wireless Ethernet standard, Ethernet based BFWA systems are under investigation

WLAN
Basic Service

> Hot spot ﬁ%

Backhaul QROADWA\\\




Ethernet -based BFWA system

P

Ethernet

AALS

Ethernet

ATM

Phynterface

PhyInterface

PhyInterface

User Terminal
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1P
AALS ATM,Frame
ATM ATM Relay, etc.
PhylnterfadePhyinterfac@ | Phylnterface Phy Interface
Access Node Aggregation Node

Reduction of protocol translations

by employing a single end-to-end technology

IP IP
Ethernet Ethernet Ethernet Etherne ATM, FR,etc
Phyinterface PhylInterface| Phyinterface Phylnterface Phyinterface | Phy Interface Phy Interface
UserTerminal CPE ~ AccessNode AQ%%”%‘JG
Radio
Interface

SROADWAN



Interoperabllity iIssues with satellite systems (1/

o Satellite access is well suited for rural and remote areas

« Ciritical interoperability issues specific with satellite systems are:

Return channel availability (requirement for interactive systems)

QoS ( high latency ~500ms)
Link layer efficiency (coding and modulation and encapsulation)

Security

Satellite
G2
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Interoperability iIssues with satellite systems (2/

Interoperability DVB-S versus 802.16 and 802.3 :

e |ETF ULE scheme is more efficient than the MPEG one
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BFWA backhaul for mobile 2G/3G networks

« BFWA systems have interesting features that favourably apply for
2G/3G backhaul network infrastructure.

» Critical interoperability issues are :
» Evolution to circuit oriented to packet oriented transport
 Grooming functionalities
» Multiplexing capabilities
» Multi-services capabilities
» Efficient use of the radio resource
e Co-siting problems
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The interoperability challenge. .

Profitable
Access service High

ellvery penetration
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Conclusions

* |nteroperability iIs one of the main clues for obtaining full
coverage and high capacity for true broadaband serrvice for all
at low cost.

* |t basically relies more on an evolutionary than revolutionary
path, focusing on maximum reuse of existing infrastructure and
technologies, but letting them to evolve.

e While solutions providing limited communication interoperability
capability exist: seamless interoperability is a long way off.

 “The lack of communication interoperability is a man—made
problem and therefore can be solved”
S a e
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