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Innovationsin TDM/ATM to IP Architecture

Executive Summary

As wireless networks evolyenetwork equipment providers are
repeatedly presented with the challenge of how to bridg
TDM/ATM and IP networks cesffectivef & ® Ly GKAA&
explore two ways to plug {Pased equipment into a TDM/ATM
network and compare their respective approaches, one of whict
the conventional, widelhused switch or gateway; and the other,

How to snoothly -
bridge TDM/ATM and | > @0 ¢
IPwhile saving
millions in new

gateway on a card, which takes adtage of the new open 2pEnges gnq
standards platforms. As we explore the application of bc preserving existing
approaches, it will become evident that the modular gateway or capital investment

card can be significantly less expensive, from both a caf
investment andoperating expenserspective

The Trend : Network Architecture is Evolving

For a decadecommunications and networking experts have extolled the benefits @Palletworls, and
standards and technology ka changed to embrac& networks. Bw, for economiceasons, fixeénd

wirelessnetworks are evolvingit all leveldrom legacy TDM/ATM to Pansport technologyln parallel

the networks are also evoling from a centralized toa distributed topology. Fixed networkshave
evolved from PSTNo ISDN,to IN, to NGN to IMS.3GPP wirelesgetwork architectureshave also
evolved from 2Gto 3G Release 98y Release #r 5, or evento LTE

At each evolutionary step, operators and service providensust preserve heir source of revenues,

which meanghat the evolution must be seamless forSt NJ 4 dzo0 a ONRA O SNE 6K2 R2y Qi
same time.Typically the evolution is either internal to the network, or implemented as an overlay to

the existing subscriber connectivity. In both cases, new IP elements onetwiorks must be
interconneckd with the existing infrastructureequiring solutions to smoothly bridge TDM/ATM and IP

and to presene existingcapital equipment investmentsAs an examplethe implementation of an IP
Multimedia Subsystem (IMS) requires its connection toldgacyTDMnetworks(PSTN, 2G/3G wireless,

etc):.

TDM Core
Network
(e.g. PSTN) =
Telco Media
Switch Gateway

Figure 1 ¢ Gateway bridging TDM/ATM network and IP network
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Innovationsin TDM/ATM to IP Architecture

Moreover, withinpersistinglegacy TDM/ATM areas, the same economical reasats/ate the upgrade
or replacementof the network nodes especiallywith an IP-based internal architecture and this
decentralizatioralsodrivesthe need for interconnection solutions

=
[T
Local [l TDM Core
Exch
HONENG Network
Es Internal IP |
= ﬂ; Backbone
IIIIIh S Sigtran
AN
,,»T:(Ral DM RTP
Exchange

Figure 2 ¢ IP-internal equipment in a TDM/ATM network infrastructure

The RNC Case:
Bridging ATM and IP Techologies within the Wireless Infrastructure
[ SGQa the2cysa of BS wideless Radio Network Control{&NC). This equipmergsspecified by

the 3 GenerationPartnership Project3GPR, is responsibléor controlling the base stations (Node Bs)
and connecting thento the Core NetworKrefer to Figure3 below).

HSS

3G Core
Network
(IP/ATM)

MSC-Server

RNC

UTRAN
(IPIATM) SGSN

Figure 3 - Radio Network Controllers (RNC) in a 3GPP Release 4 Mobile Network

This case assumes that the RNC application, given its functionality and typical size;hasedImodel
that uses the AdvancedTCA® (ATCA) architectuae defined by the PCI Industrial Computer
Manufacturers Group (PICMG). Indeed, this standard fits perfectly with the need to distribute the RNC
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Innovationsin TDM/ATM to IP Architecture

functions (control plane and user plane processing, network interfaces, managemengJaidgibility,

etc.), as t distributes functionsacross large ATCA computer blades and small dedicated modules called

| ROl yOSRa/n Y2Rdz S&a 6!'al/aved ¢KS AYyGaSNFIOS o0SitgSSy
an IP over Ethernet backplane. Such an RNC is, by nature, an exdifdased equipment.

Between the NodéBs and the RN@if the lub interface), and between the RNC and the Core Network
(on theluCS and IuPS interfacesyery datastream(e.g. control and user datég transported over ATM
or over IP:
e OverATMc voicetraffic is encapsulated on the ATM Adaptation Layer 2 (AAL2), wheeahalt
control messages use AALS
e Over IR; the data link layer is the Poitd-Point Protocol (PPP)

Physical interfaces depend on several factors, such agaheport option, theexisting infrastructure in
place, the geographical distribution of network elements (especially Node Bs and RNQ$pdthé&
channel density, etdn practice,T1/E1 OG3/STM1 and Gigabit Ethernenterfaces areoften used.

In orderto work properlywith the two transport alternatives (ATM or IRnd the various types of
physical interfaces, thi>-basedRNeedsan interworking solution

The Conventional Solution : the External Switch/Gateway

The external gatewayor switch is the most conventionalsolution to connect IP equipment into a
TDM/ATM networkGateway boxeand multiservice switcheare very commonandthere aremultiple
offerings availablan the telecom marketExamples include Cisco and Tellabs routers and switches.

How does that workfor this RNCuse cas@ As shown onFigure4 below, the gateway is logically
positioneddin fronte of the RNCPhysicallyexternal the gateway is oftemackedinto the RNCcabinet,
for instance abovéhe ATCA chassi$heinterface betveen thegatewayand the RN naturallyIP over
Ethernet,and the gatewayerforms the IR ATMconvesion for all messagebetweenthe RNC anthe
other network elements.
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Innovationsin TDM/ATM to IP Architecture

Circuit-Switched
Core Network

[E——]
[——]

Radio Access

Network _ .
;—. " Interworkin - MSC
AT
NodeB Gatewa

[E——]
[——]

(I
(I Packet-Switched
SGSN Core Network

Figure 4 ¢ ATM connections of an IP-based RNC via external gateway(s)

However,because ofmajor differences between the Iub interface (to the Node @&gjthe lUCBUPS
interfaces (to the MSCSGSN), @ gateway needto supporttwo different typesof ATM interfaces:
channelized STM for luband unchannelized STM for lUCS/luPSAlternatively a secondyateway will
be needed tgerform theconvesion between the twoas represented ofrigureb.

IP IP

a2 (12

lub luCS/luPS lub luCS/luPS
Channelized STM-1 Un-channelized STM-1 Channelized STM-1 Un-channelized STM-1
Dual-Interface Gateway Dual Gateway Solution

Figure 5 ¢ Unchannelized to channelized STM-1 gateway on the lub interface

Also, br highavailability reasons, the gateway(s) must b#ernally redundant or duplicated.
Moreover, stringent environment requirements apply to these boxesich as Telco NEBS
specifications

As you can sedghe gateway solutionrequires very sophisticated highrend producs which are not
inexpensive when fully configured

Regardingrotocol support, the IP-basedRNGwill nativelysupport (without the external gatewayhe IP
transport option of 3GPBn lub, luCsand IuPS interfaces, as representedFigure6 below.
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Innovationsin TDM/ATM to IP Architecture

lub Interface IuCS Interface IuPS Interface

Control User Plane Control User Plane Control User Plane
Plane Plane Plane

Figure 6 C IP transport - Protocol layers on lub, luCS and luPS interfaces

For the ATM transport option of 3GPP, the external gateway will convert ther lewer protocolsand
handlethe stacks represented drigure?.

lub Interface luCS Interface luPS Interface

/7 \
ATryl’or |P9ATM

Aler’or Ils{)ATM

Control  Transport  Transport Control Transport  Transport

Plane Network Network Plane Network Network Control T,LartlSpo krT
Control User Plane Control User Plane Plane etwor
Plane Plane User Plane

Figure 7 ¢ ATM transport - Protocol layers on lub, IuCS and IuPS interfaces

However this protocol architecture raises fewmajorissues:

1) The protocol stacks and interworkitayerof the gateway are very specific to the application, i
particularthe 3GPP linterface conversionFew @teways offerthis functionality those that do
are expensive.

2) The Control Plane stack of théTM transport optionis actually further divided into 2
FEfOGSNYFGABSaAaY (KS éowedATV stadckt Bhérefaiel the@tbcol IstgcRand K S
conversion supported byhe gatewaywill depend on thestack alternative that has to be
deployedin thelive network

3) For the ATM transport option on the IuCS interface, voice streams are carried in AAL2 channels,
which are dynamically s&p and releasediia a separate ATM control stack, called ALCAP (see
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Innovationsin TDM/ATM to IP Architecture

Figure7). The problem is that this protocol stack must be controlled by RNC, whereas the
notion of control ofthe transport network does not exist ithe IP option. So, an equivalent

protocol must be added in the IP RN&veral options are offered here, from standard (e.g.

H248Megaca MGCP, SJretc) to proprietaryprotocols.Figure8 represents an example die

IPto-ATM interworking solution.

PPP

ATM

L1

Transport
Network
Control

Plane

Control User Plane User Plane

Plane

Transport
Network
Control

Plane

Control
Plane

IuCS Interface IuCS Interface
RNC (IP transport) (ATM transport) MSC

Figure 8 ¢ Protocol interworking for the luCS interface

In summary the diversity andthe complexity of the protocoimplementation prevent the external
gateway solution from beingimple andcosteffective. At a minimum, the gateway wilheed the

following components:

e Achassigincluding backplane, fansardwaremanagement, DC converters, gtc

e 1or2controllers

e 1 (gabitEthernet interface module

e 1 STM1 interface module (4 portsiinimum)

e 1 channelize®6TM1 interface module (4 portsinimum)
e Software and protocol licenses

e 1redundant pwer supply module

e SFPs, cablestc.

The price of such agateway isin the $50,000to $80,000 range
depending on quantity.

Physicalintegrationof the external gateways relatively simple It
is compatible with standard cabines, is independent from the
RNQ@ farm-factor, and does nobccupyany slotof it. However,it
usually takes a significant space time cabinet €.g 5U6U),
double when duplicated, and sometime# leads to using an

Conventional Costs
CapitalExpenses
Gateways $580,000

Operating Expenses:
Facility space

Power

Cooling

Cabling

Setup & Maintenance

FRRAGAZ2YI € OloAySiazx i K dza AY
central offices.
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Innovationsin TDM/ATM to IP Architecture

Thegatewaytypicallyneedsa redundantelectricalpower supply, aconsistentand fresh coolingirflow,
and severalcables forall its connections All theseparametersultimately raise the cost of integration
and negatively impact system reliability.

A Cost-Effective Way to Solve Interworking

When the primary objective of thgateway orswitch isto provide an IRbased system withPATM
connectivity the value and capabilities of @ externalmulti-service switch are not fully adized. An
alternative which deliversnuch higher pricgperformance $ the gatewayon-a-card A gatewayon-a-
card can deliver the samelP-ATM interworking functionality, with a higherlevel of ease of use to
integrate, and far more flexibility to adapt to application and protocol specifics

Thisalsoenables equipment manatturers to eliminate an expensigatewaybswitch from theér system
solution For the network operatorsthe elimination of thegateway delivers cost savings in capital
expensereal estate and power

How does that work fothe RNC use case? As shownFigure9 below, the gatewayon-a-card is also
f23A0ff & & AbgsedRNEYW it i phgsiEallyliirfsi8ef thetRNC chassids forthe external
gateway, the interface between the gatewagrd and the rest of the RNC is(t®er Etherne), and the
gateway card performs the IP- ATM conversion for all messages between the RNC and the other
wirelessnetwork elements.

[ ] RNC

Circuit-Switched
Core Network

IP inside
Radio Access -
Interworkip@ ueS [
Network u

ATM MSC

ATM

NodeB upPs |

lub

[ Packet-Switched
SGSN Core Network

Figure 9 ¢ ATM connectivity of an IP-based RNC via internal gateway card(s)
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Innovationsin TDM/ATM to IP Architecture

Today,Interphaseoffers severagatewayon-a-card solutions which are shown beloWwhese gateways
are implemented on the AdvancedMCAMC) industry-standard fom factor, which isthe module
defined forMicroTCA and ATCA architecturgsese productenable equipment providers to replace
entire gateway boxe witha set of nodulesin an ATCAplatform.

iSPAN 3640 iSPAN 3650 ISPAN 3651 iSPAN 36CA

Figure 10 ¢ Interphase gateway-on-a-card solutions

Major Benefits of U sing Gateway Card s

Simplified software architecture, reduced time to market, cost effective solution
When implementing gateway modules inside the RNC platform, the protocol architecture is highly
simplified.

1) Because thavb / o6 O LffivatdISNBI&a¢é 3 ®WKS Lt O02yySOlAzy o6Si
and the RNC compute blasldoes not need tdully comply with a standard interfacé simple
UDP/IP model is typically safe and reliable enough to carry the data flows in tisrenent.

2) These AME support various levels of stack interworking, providing more flexibility to system
integrators for the distribution of protocol layers in their systefor instance using the
gateway AMC up to the AALS5 layer and keeping the upperdayn the control plane blades of
the RNC is a convenient architectute support both the full ATM and the 4®errATM
alternativesof the lu interface.

3) For the control of the AAL2 channels on the IuCS interface, a simple mdésssge APl o
standardTCP/IP session can be used (instead of a complete standard protocol such as H.248).

r Media Channel Control Interface

UDP/IP

AAL2/ATM

AALS/ATM
IP/ATM

GTP-U/UDP/IP/ATM ISPAN 3650 Interworking

r Media Channel Control Interface

UDP/IP

AAL2/ATM
AAL5/ATM
IP/ATM
IP/PPP

iISPAN 3651 Interworking
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Not only does such simplified protocol architecture reduce the
effort of software integration and time to market, but it als
raises the reliability and the cosffectiveness of the overall Conventional Costs
solution. CapitalExpenses

Modules <$10,000

Easier integration, higher reliability
From the physical integration stand,poinE, AMCV module§ a OperatingExpenses:
plugged directly into the RNC Sq U0 KSé R2y Qu Low additional power
additional spacén the cabinetanycableto connect to the RNC or Low additional cooling
any power supplyas this is all available in the AMC sloherent .

to the standard AMC/ATCgpecificationsthe modules are cooled Integ.ratlon &

by the chassis, their hardware management isseamlessly Maintenance
integrated into the chassis management (via IRMHd they can
be replaced and heplugged during maintenance operatian
Again, eliability and simplicity arenaximized.

Cost Savings

Using gateway modules instead of external gateway boxes significatlhces the costnvolved in
merging TDM/ATM and IP network®f course, the actual cosif the overall gateway solution will
depend onmultiple factors ¢apacity reliability, volumes etc), but while conventionalgateway and
switch/router boxes will tpicallybe in the $0,000to $80,000range,a couple ofAMCs will barely reach
the $10,000mark

Over time, the growing adoption of this new type of gateway solution will even increase this cost
saving, as it becomes more widely available and the popadlaice for network architects

Options
To accommodate the differences of the 3GPP lub and IUCS/IUPS interfaces, Interphase supplies two
STM1/0G3 gateway AMCs:
e TheiSPAN 3650, which meets with the ATM transport option of the IUCS and the IUPS intsrface
with 4 unchannelized O3/ STML1 interfaces,
e TheiSPAN 3651, which meets with the luB interface specifications with 2 channelize®/OC
STM1 interfaces.

With these two AMCs, the RNC manufacturer will realize the same interworking functionalityhas
external gateway(s).
¢ To achieve high availability, each AMC will be duplicated.
e The presence of Update Channels in the ATCA backplane will enable an APS link between two
mated cards.
e Telco NEBS compliance of the overall system is guaranteed byAMEA specifications.
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Conclusion

As networks evolve and continuously implementlBlinetwork nodesthere is a compelling need to
interwork different networks cost effectivelyhile preserving the significant investments already made
for TDM and AM equipment currently in useThere are two elements to the cost saving opportunity in
this use case.

Actual Cost Savings

The most obvious cost savings is using modular solutions to solve the issnenafeasing number of

network nodes becoming decentradd, yet needing to supporthe needs of different types of
customersL i ¢2dzZ R KAYRSNJ 6KS INRBgiIK 2F (GKSasS yS¢g ySiosg:
using externalatewaysthat are costly (especially when configured for the protocol and 1/Cpsttp

required), consume precious real estate and power, and do not deliver the most efficient solution from

a hardware or software integration perspectiurposebuilt modular solutions that can be embedded

Ay GKS NBad 27F (KS reraldidbld owaiemdoli 2ss expdidvi, anni@/iddiadzNS |
more elegant fit for the applications they serve

Opportunity Cost Savings

The second aspect to the cost saving potential of the modular approach pgertunity costof not

using off the shelfmodular, and less expensive ways to solve the interworking requirenvithout
encompassing the interworking features needed within the RNC in this case, the equipment provider is
delivering a less innovative product which has the liability of needi®g arty gateway which makes
deployment of the solution more expensive, and hence less competitive in the mathketuse of the
modular approach still allows the equipment provider to invest its most essential R&D resources on the
application it serveswith its own unique content, and also enhances the features its product can
support

Note: This use case is based on a 3GPP RNC application,aad applies tdhe case of a Femtocell
Gateway application, an SGSN, a network Media Gateway or a &XNalil solutionThe conclusions
for these applicationsvould have been the same.
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