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Slide1SCN/VoIP Int eroper abi lity

IP Telephony Resear ch at
Networki ng Lab 1997 - 2001

Basi cTechnol ogy Eval uation

SIP signal ing and XM L-ser vi ces

Interoper abi lity ofVOI P and IN /ISDN
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Delay

1)codi ng del ay

2)w or kst ation pr ocessi ng del ay

3)packet izat ion del ay

4)pr opagat ion del ay

5)buf fering del ay i n net work

6)pr ocessi ng del ay i n routers

7)r ecei verbuf fering del ay

1),2) ,3) 5) ,6) 4 ) ,5) ,6) 5) ,6) 7) ,3) ,2) ,1)1),2) ,3) 5) ,6) 4 ) ,5) ,6) 5) ,6) 7) ,3) ,2) ,1)

D iplom athesi sby Tom iY l etyi nen
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Synchr oni zat ion

• Adj ust ing thepl ayoutt im e

• Usi ng RTP-sendert im estam ps:
pk

i = tk+ fixed del ay est im ate+ var iabl edel ay est im ate

• RTP:I nterarrivalj ittert hem ean devi ation oft hedi fference
in packetspaci ng att herecei vercom par ed to thesender
forapai rofpacket s

• D i fferencei n packetspaci ng:
D(ki,k j)= ( ak

j -a k
i )-( tk

j -t k
i )

• Var iousal gorithm sexistf orest im ating j itterf rom D
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Labor atory set up
•• e-to-e del ay:115 m s, net w ork del ay ( ping):1- 2 m se-to-e del ay:115 m s, net w ork del ay ( ping):1- 2 m s
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a n ServiceXchangeSX-10

IP sw itchIP sw itch
gat ew aygat ew ay

IP sw itchIP sw itch
gat ew aygat ew ay

ATM sw itchATM sw itch

IP sw itchIP sw itch
processorprocessor

ATM 155ATM 155M bitM bit /s/s

Source:Source:
•• SUN UltraSUN Ultra
•• NevotNevot

Receiver:Receiver:
•• SUN UltraSUN Ultra
•• NevotNevot
•• RTPdum pRTPdum p

Delay m eterDelay m eter
tim estam pstim estam ps
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Fourpr ocesses
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• I P storeand
forw ard

• I P switchi ng
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M ixed l oad
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Conclusi onson Del ay

• Si gni ficantdi fferencesnotexpect ed

– onl y f ournodes

– edge- routerper form ancecr iticali n ourm easur em ents

• Packetspaci ng di fferencesf orbot h IP sw itchi ng and I P storeand
forward sm all

– sm allnon- adapt ivepl ayoutbuf ferenough

– e-to-edel ay l arge,caused by t erm inal s

• I P switchi ng sl ightly bet ter

– IP sw itchi ng i ncr easest hroughput

– packetspaci ng di fferencessm al ler

• Long packet si ncr easepacketspaci ng di fferences

– bur sty trafficand sm al lpacket snotapr obl em

• W S arepoorphones,net work i sj usta di m ensioni ng
m atter
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Delay br eakdown i n aNevot
SunO S W orkst ation

• End t o end del aysof30… 40 m si n a
cam pusi ntranetar eachi evabl e.

• A buf fering sof twarebug caused m ostof
the100m sdel ay i n previ ousw ork.

• Pr ocessi ng del ay i s1 -10% ofCPU t im e
dependi ng on t hecoder .

Diplom athesi sby Har riM ar jam äki



5

Slide9SCN/VoIP Int eroper abi lity

Objectives on SIP signaling and
Service Development

How can new services be def ined

from end points???????

Definitely. ..usi ng NEW TO O LS !!

SIP for signalling features

CPL for describing the services
XML for defining the service files

JAVA for building the SIP client

XML parser for interpreting the scripts

M .ScThesi swork by I nm aculadaEspi garesdelPozo,i nst uct or:JoseCost a
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HUT extension

ReceiveUDP/ReceiveTCP locateuseri n SIP
serverdat abase

Locate othercont actfort he sam e user LDAP server
(rem ote)

Aliases/ Nam em apper
(local )

Process R EQ UEST/RESPO NSES

Policy Handl er

PRO XY REDIRECT CG I

sendrequest /sendresponse accordi ng to t he pol icy

Reg.Recor d User

Colum bia Universi ty -SI P server

ReceiveUDP/ReceiveTCP locat euseri n SIP
serverdat abase

Locat e ot hercont actf ort he sam e user LDAP server
(rem ote)

Aliases/ Nam em apper
(local )

Process REQ UEST/RESPO NSES

Policy Handl er

PRO XY REDIRECT CG I CPL-HUT

sendrequest /sendresponse accordi ng t o the pol icy

Read XM L sri pt
from user

Regist rat ion

XM L parser

Reg.Recor d User-XM Lscri pt

CU-SIP server+ HU T ext ensi on

Adding HUT* extension to the

Columbia University SIP server

*HelsinkiUni ver si ty ofTechnol ogy



6

Slide11SCN/VoIP Int eroper abi lity

TEKNILLI NEN KORKEAKOU LU
HELSINK IUN IVERSITY OF
TECHNOLOGY IPtele program

USER A PROXY USER C

tim e

INVITE to B

USER B
accept s

IPtele (ICW ):
USER B

CALL IN PROCESS

180 Ringing

INVITE

BYE

200 O K

200 O K

603 Busy

603 Busy

SESSION ESTABLISHED

USER B
rej ect s

The example service was Internet Call Waiting

IPTeleprogram
isthecl ient

im plem ented i n JA VA

TheServi cei tsel f
wasim plem ented i n

XM L
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TEKNILLI NEN KORKEAKOU LU
HELSINK IUN IVERSITY OF
TECHNOLOGY Service definition

<?xml version="1.0"?>

<call Type="ICW">

<proxy>

<icw>

<forward>

<link ref="voicemail"/>

</forward>

<success>

<location url="queca@pc2.tct.hut.fi"/>

</success>

<reject>The user is Busy now</reject>

</icw>

<busy/>

<noanswer/>

<failure/>

</proxy>

<response status="busy"/>

</call>

XML advantages

Simplicity: basic structures
Extensibility
Interoperability

Openness: anyone can do it!
Applications:

Data exchange: Machine-Machine

Data interchange: Human-Machine

On a wide variety of platforms

Interpreted with a wide variety of tools
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Circui tSw i tched N et work/V OIP
Interoper abi lity

Prof.Rai m o Kantola

Helsi nkiUni ver si ty ofTechnol ogy

Labor atory ofTel ecom m unicat ionsTechnol ogy

raim o.kant ola@ hut.fi

http://ww w.tct .hut.fi/tutki m us/ipana

Slide14SCN/VoIP Int eroper abi lity

O utlineO utline

• Roadm ap and I nteroper abi lity I ssues

• Si gnal ing and Q oS over vi ew

• Rout ing i nform ation pr obl em
– Requi rem ents

– Locat ing GW sfrom theI P Telephony net w ork

– Locat ing aSG from theI SD N network angl e.

– Num berpor tabi lity acr osst hetechnol ogy boundar y.

• TheSol ution to Tel ephony Rout ing overSCN/ IP -
hybr id net work.
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Roadm ap to theFuture

now 2002 2010

Privat eVoIP
networks:

subscr iteriain PSTN
phase1

PeerVoI P/PSTN
networki ng

Phase2

AllSer vi ce
IP network

FinnetV i si on
Functi

onali
ty

Capacity & replacement & Service M gt
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Interoper abi lity I ssues

• Si gnal ing and Cal lcont rol

• Qual ity ofSer vi ce

• Tel ephony Rout ing and addr essi ng
– InputI nform ation gat hering

– Alternativer outing overI P

• Ser vi ceM anagem enti n thehybr id
network

Phase1
--->

Phase2
-->

Phase3
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Phase 2 R equi rem entsPhase 2 R equi rem ents

• Ef fici entr outing and num ber ing i nfrast ruct ure
acr osst heem erging hybr id net work i sa
necessi ty
– Delay and j itterhi ghl y depend on cal lpat h

• I n al lcal lscenar iosatal lcostwem ustavoi d
unnecessar y conver si on bet ween IP and
PSTN.
– CallFor w arding,Num berPor tabi lity,Roam i ng,

800- num bers...
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CurrentAr chi tect ureCurrentAr chi tect ureCurrentAr chi tect ure

M G

LS

TRIP

SS

LS

TRIP = Telephony Rout ing overI P, SG -Si gnal ling G ateway,M G C -M edia G ateway Controller
M G -M edia G ateway,SS = Si gnal ing Server ,LS = Locat ion Server

LS

SCN
ISUP/H.323/SIP

IP

SS

M egaco

M G C

SG
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ForTel ephony r outing w e m ust
choose opt im alG ateway

ForTel ephony r outing w e m ust
choose opt im alG ateway

• TheI P Telephony vi ew:
– LS provi desi nfo aboutN exthop Si gnal ing

ser vere. g.aSi gnal ing Serveroran M G C i n the
sam edom ain

– TRIP keepsi nform ation i n LSsupdat ed acr oss
IP Telephony syst em s

– M GCsareregi stered e.g in LS (thisi nform ation
m ay belocalt o an Adm in Dom ain)

– SS can useLS t o locat eM GC and M G
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How does the SCN choose a G W ?How does the SCN choose a G W ?

• I SD N,GSM ,PSTN view
– Good new s:SGsar elarge-easy t o locat e

– Bad news:Ido nothearAny Body w or ki ng on
thepr obl em ofGatew ay locat ion f rom the
ISD N pointofvi ew

• Fr om theSCN iti sequal ly i m portantt o sel ectt he
m ostsui tabl eGatew ay forSCN to IP cal ls

• Bt w ,wear ew orki ng on t hispr obl em in Tel elab
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Num bering IssuesNum bering Issues

• W hati fan I P Telephony Num beri spor ted to
anot herI TSP operator?
– ISDN sidem ay need t o chooseanot herSG f orcal lsto

thatnum ber

• W hati fan I SDN num berispor ted to anot herI SDN
oper ator?
– IP sidem ay need t o chooseanot hersetofSG,M G C,M G

– LSsneed t o know aboutt hechange

• W hati fanum beri spor ted SCN to IP orvi cever sa
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Currentsi tuation att he ISD N sideCurrentsi tuation att he ISD N sideCurrentsi tuation att he ISD N side

SDF

SCF

SSF

SDF

SCF

SSF

SDF

Callsi gnal ing Interface

Interface 1

O per.A O per .B O per.C
NotI N-based
im plem entation

Num berPort abi lity i s m andated by regul ators i n Europe and t he U S

Typi calsol ut ion i s based on I N

M asterDat abase

INAP
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LS

ISDN needs a pairt o TRIPISDN needs a pairt o TRIPISDN needs a pairt o TRIP

LS
TR IP

Inte
rface

2

SCF

SSF SSF SS SS

G ateway

SDF

LS

LS

SCN IP-network

TR IP

NP gateway

XYZ

XYZ

SDF

SDF

Num bering inform ation
needs t o be exchanged
between SCN and the
VO IP netw ork

TR IP = Telephony R out ing overI P,N P-gatew ay = G atew ay forshar ing
inform ation bet w een XYZ and TR IP,SS = Signal ing Server ,LS = Locat ion
Server ,SD F = Service D ata Funct ions,SC F = Ser vice C ontrolFunct ion,SSF
= Service Sw itchi ng Funct ion
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Requirem ents forNum bering&RoutingRequirem ents forNum bering&RoutingRequirem ents forNum bering&Routing

Num berport abi lity f orI P subscri bers

N um berpor tabi lity w ithin IP-networks.

Num berpor tability bet ween the SCN-and I P-networks.

Integration with the TRIP (Telephony Rout ing overI P)pr otocolf orl ocat ion of
gateways and si gnal ing ser ver s.I ntegration with TRIP and DN S (enum )f or
locat ion ofI P term inals.

O ptim isat ion ofr outing bet ween SCN-and IP-networks f orpor table num bers.

- Locat ion ofnear estorm ostsui table gat eway

-Suppor tf orsever algeogr aphicalar eas

G atew ay09-451 5303

IP-network
SCN
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A distributed dat abase i nst ead ofa si ngle m asterdat abase.

No single poi ntoff ailure.

M asterDB to SDF Interface r eplaced by a di stributed dat abase based on
e.g.SCSP (ServerCache Synchr onisat ion Protocol ).

Database updat es m ade direct ly by t he oper ators.Suppor tf orsubscr iber-
initiated updat es possi ble.

Scalability.

M aster
database

D ist ri but ed archi tect ure

Archi tect ure forN um bering&R outingArchi tect ure forN um bering&R outingArchi tect ure forN um bering&R outing

Slide26SCN/VoIP Int eroper abi lity

Requirem ents for800-and G SM
num bers

Requirem ents for800-and G SMRequirem ents for800-and G SM
num bersnum bers

• I P Telephony vi ew
– an 800- num berand aCel lularM obi leN um berm ay be

locat ed anyw her ein theI SDN /PSTN cloud ort he
Cellularcl oud r espect ivel y

– addi tionalr ound ofi ndi rect ion f orchoosi ng theG W is
needed t o ensur eadequat equal ity voi ce

– LS needst o cascadet herequestt o an SD F ort o an
HLR orreturn theaddr essofan SDF orH LR so SS can
m akeasubsequentquer y
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• SCN view
– an 800- num ber( and aCel lularM obi leN um ber-onl y a

m atteroft im e!)m ay bel ocat ed anyw her ein theI P
cl oud

– addi tionalr ound ofi ndi rect ion f orchoosi ng theG W is
needed t o ensur eadequat equal ity voi ce

– SDF needsto cascadet herequestt o an LS

– Iti snotef fici entt o f lood M obilenum bersam ong LSs
when am obilenum beri si n an I P cloud -asol ution
scal abl eto frequentl ocat ion changesi sneeded

Requirem ents for800-and G SM
num bers

Requirem ents for800-and G SMRequirem ents for800-and G SM
num bersnum bers
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The sol ut ion i s N PP + NRIgatew ayThe sol ut ion i s N PP + NRIgatew ayThe sol ut ion i s N PP + NRIgatew ay

M G

LS
TRIP

NPP

NPP

Interface
2

SCF

SSF SSF

SS

SDF

SDF LS

LS

SCN IP-network

TRIP

Callset up

Num berpor tabi lity
routing ar ea

NPP = Num berPortability Protocol ,TR I P = Telephony Rout ing overI P,NRIG w =
Num bering&Routing Info G W forshar ing inform ation bet ween NPP and TRIP,
SS = Signal ing Server ,LS = Locat ion Server ,SDF = Service Data Funct ions,
SCF = Service ControlFunct ion,SSF = Ser vice Sw itchi ng Funct ion

NRIG w

NRIG wSDF

SDF

IS
UP

Userpl ane

Signalling

SG
M G C
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An analogyAn analogyAn analogy

IP

Link l ayer
protocol s

Applicat ions

Prot ocolcent ered vi ew
“How”

Num bering

Com m unicat ionsser vi ces

Signal ing Userpl ane
technol ogy

Reachabi lityvi ew
“To whom you can cal l”
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Conclusi ons on R out ing
Inform ation

Conclusi ons on R out ing
Inform ation

• Gateway m odelneedst o becom pl em en-
ted by Num bering& Routing I nform ation
gatew ays

• SCSP can bet hecom m on Num bering
infrast ruct urecom ponentf orbot h SCN
and I P Telephony net w orks

• Locat ion ser ver sneed t o beabl eto cascader equest sto cat erf or
800- num bers,any ser vi cespeci ficrouting m ethodsand f or
m obility

•How to avoi d exhaust ing l ink capaci ty by r eal -tim eservi cesand
starvi ng BE servi cei sst illopen!

SCSP

NPP TRIPNPG w

SCSP


