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1 Scope

The scope of the present document is to provide information for the design of the system architecture of a "third
generation" Universal Mobile Telecommunication System (UMTS) evolving from fixed networks.

The present document focuses on the evolved fixed network and considers cordless access systems, wire-line access
systems, and the UMTS radio access network (URAN) as developed by SMG. It caters for the following capabilities,
features and scenarios:

- support of an air interface with bit-rates of up to 2 Mbit/s;

- flexible bandwidth allocation;

- flexible QoS provision;

- flexible service provision;

- convergence of IT and Telecommunications;

- convergence of fixed and mobile networks;

- provision of seamless services where feasible when roaming between access domains and networks;

- separation of Transport Networks and Control Networks.

2 References
The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

• References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

• For a specific reference, subsequent revisions do not apply.

• For a non-specific reference, the latest version applies.

• A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same
number.

[1] ETSI PAC EG5: "Global Multimedia Mobility (GMM) – A Standardisation Framework for
Multimedia Mobility in the Information Society", ETSI Board approved version, August 1996.

[2] Report of the Sixth Strategic Review Committee on European Information Infrastructure.
Part B: Main Report and Annexes, June 1995.

[3] ITU-T Recommendation Q.1711: "Network Functional Model for IMT 2000".

[4] ITU-T Recommendation Q.1201: "Principles of intelligent network architecture".

[5] TR 101 112: "Universal Mobile Telecommunications System (UMTS); Selection procedures for
the choice of radio transmission technologies of the UMTS (UMTS 30.03 version 3.2.0)".

[6] UMTS 23.01: "Special mobile group (SMG); Universal Mobile Telecommunications System
(UMTS); General UMTS Architecture".

[7] UMTS 22.01: "Universal Mobile Telecommunications System (UMTS); UMTS Service aspects;
Service principles".

[8] UMTS 22.05: "Universal Mobile Telecommunications System (UMTS); UMTS Service aspects;
UMTS Service capabilities related to service usage - including bearer capabilities, upper layer
capabilities and call handling capabilities".
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3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ABR Available Bit Rate
AC Authentication Center
ADDS Application Data Delivery Service
AMF Authentication Management Function
AMSC Anchor Mobile Switching Center
API Application Programming Interface
ARF Access link Relay Function
BC Bearer Control
BCF Bearer Control Function
BCSM Basic Call State Model
BER Bit Error Rate
B-ISDN Broadband ISDN
BS Base Station
BSS Base Station System
CBR Constant Bit Rate
CC Call Control
CCAF Call Control Agent Function
CCF Call Control Function
CN Core Network
CnCAF Connection Control Agent Function
CnCF Connection Control Function
CS Capability Set
CTM Cordless Terminal Mobility
DECT Digital Enhanced Cordless Telephone
DECT Digital Enhanced Cordless Telephone
DFP Distributed Functional Plane
DFP Distributed Functional Plane
DI Domain Identifier
DMSC Drift Mobile Switching Center
DMSC Drift Mobile Switching Center
EII European Information Infrastructure
FE Functional Entities
FE Functional Entity
GII Global Information Infrastructure
GLR Gateway Location Register
GMM Global Multimedia Mobility
GMSC Gateway Mobile Switching Center
GPCF Geographic Position Control Function
GPF Geographic Position Function
GPS Global Positioning System
HLR Home Location Register
HMP Home Mobility Provider
HSM Handover State Model
ICMP Internet Control Message Protocol
IMSI International Mobile Subscriber Identifier
IMUI International Mobile User Identifier
IMUN International Mobile User Number
IN Intelligent Network
ISDN Integrated Services Digital Network
ISP Internet Service Provider
LAI Location Area Identifier
LMF Location Management Function
MCF Mobile Control Function
MGPF Mobile Geographic Position Function
MMI Man-Machine Interface
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MMI Man-Machine Interface
MRTR Mobile Radio Transmission and Reception
MS Mobile Station
MSC Mobile Switching Center
MT Mobile Terminal
MTRN Mobile Terminal Roaming Number
NIvisited Network Identifier for Visited Network
NNI Network to Network Interface
NO Network Operator
NSS Network Subsystem
PAC ETSI Programme Advisory Committee
PBX Private Branch eXchange
PDGN Packet Data Gateway Node
PDN Public Data Network
PDSN Packet Data Support Node
PSCAF Packet Service Control Agent Function
PSCF Packet Service Control Function
PSGCF Packet Service Gateway Control Function
RACAF Radio Access Control Agent Function
RACF Radio Access Control Function
RAN Radio Access Network
RB Roaming Broker
RB_id The address (id) of the RB_
RBCF
RF Radio Frequency
RFTR Radio Frequency Transmission and Reception
RNC Radio Network Controller
S The requested Service class
SACF Service Access Control Function
SCF Service Control Function
SCF-HO Service Control Function for HandOver
SCP Service Control Point
SDF Service Data Function
SDP Service Data Point
SIBF System Access Information Broadcast Function
SLP Service Logic Program
SMF Service Management Function
SMS Short Message Service
SN Serving Network
SNCF Satellite Network Control Function
SNMP Serving Network Mobility Provider
SNMP_id The address (id) of the SNMP
SP Service Provider
SP Service Provider where Home Mobility Function resides
S-PCN Satellite Personal Communications Network
SRF Specialized Resource Function
SSD Shared Secret Data
SSFBC Service Switching Function - Bearer Control
SSFCC Service Switching Function - Call Control
SSP Service Switching Point
SSP Service Switching Point
TC Terminal Capabilities
TE Terminal Equipment
TMN Telecommunications Management Network
TMSI Temporary Mobile Subscriber Identifier
TMTI Temporary Mobile Terminal Identifier
TMUI Temporary Mobile User Identifier
UIM User Identification Module
UIMF User Identification Management Function
UMTS Universal Mobile Telecommunication System
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UPT Universal Personal Telecommunications
URAN UMTS Radio Access Network
USIM UMTS Subscriber Identity Module
UTRAN UMTS Radio Access Network
VBR Variable Bit Rate
VHE Virtual Home Environment
VHE_applets Logic (programs) and data required to support the Virtual Home Environment for S
VLR Visitor Location Register
WLL Wireless Local Loop

4 Introduction to ISDN-UMTS Framework
The term "ISDN-UMTS" indicates a variant of UMTS that evolves from (B-)ISDN based networks for support of
UMTS service capabilities. It includes the UMTS core network, UMTS application servers, the UMTS radio subsystem
and second generation radio subsystems. All these subsystems form part of the GMM standardization framework
summarised in figure 4-1.

Global Multimedia Mobility (GMM) is a term coined in the PAC EG5 Report [1] to denote the mobility aspects resulting
from the convergence of telecommunications, information technology and entertainment services as envisaged by
EII/GII [2]. A basic GMM assumption is that future terminals should be able to connect to several types of access
network. The choice of access will be made dynamically and will depend on a variety of factors such as the application
service requested by the user, the service subscription, and the access networks available locally. A variety of access
networks can be identified which include UMTS, DECT access, satellite (S-PCN), GSM-BSS and fixed access. The
GMM report indicates that the dynamic use of multiple access networks will enable high bit-rate services to be
introduced gradually according to market demand. GMM envisages several core networks and a variety of application
services, which reside outside the core network and which are normally transparent to both the access and core
networks.

The GMM network architectures group the Terminal Equipment, the Access Systems, the Core Networks and the
Applications Services make up four "Conceptual Domains" which are shown by the shaded areas of figure 4-1.

NOTE 1: The term Domain used in this report differs from the term Domain used in the GMM report.
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Figure 4-1: Standardization framework for Global Multimedia Mobility
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Figure 4-2: Overview of the ISDN-UMTS parallel domains

Figure 4-2 represents the fundamental concept of ISDN-UMTS. The GMM network architecture is overlai by three
parallel Domains that extend from the terminal to the fixed network. These are:

- Serving Network Domain;

- Application Domain;

- Access Domain.
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NOTE 2: A parallel domain reflects a family of functionalities and extends from the terminal to the network. The
parallel domain does not denote a layer (or stratum). Therefore, the order of domains is chosen according
to the importance for the ISDN-UMTS Framework and not according to the graphical level in figure 4-2.

5 Overall requirements

5.1 Service requirements
Most telecom services (teleservices, bearer and supplementary services and also applications) that the user will wish to
employ will initially be those he has already used on fixed networks, either at home or in the office. However, there will
be some services which have specific relevance to mobility (such as location services) and these are likely to be
innovative. Other services, especially those consuming a high bandwidth, may prove too expensive for widespread use
in cellular or satellite networks due to the scarcity, and hence high price, of spectrum.

It is considered an important goal for the user of (at least) telephony to be able to have a single terminal and a single
phone number/address by which he may be addressed on whichever network he is using at any time, be that fixed,
cordless, wide area cellular or satellite, in his home area/country or roaming abroad.

The most important data services are expected to be packet oriented - mainly IP based, certainly bursty and expecting a
faster response time that achieved with current systems, especially for interactive services. Intranet and e-mail
applications are considered a high priority. Instantaneous data rates depend on the network and the user's distance from
the base station. The target is for wide area cellular at peak rates of up to 144 kbit/s and possibly higher when closer to
the antenna. This could rise to 2 Mbit/s within a range of say 200 metres. UMTS must also support telephony efficiently.
Further developments should extend the capability to much higher data rates in a limited geographical area.

UMTS will be operating in a highly competitive environment so charges are likely to be less than today. Charges must
be able to be related to costs, so that transport and switching should be packet, -based or ATM-like.

Backwards compatibility with existing systems is essential; e.g. digital cellular and ISDN cordless. New cordless
requirements are expected to be satisfied by UMTS. Note that in the early years at least, UMTS cellular is likely to be
supported by island cells of radius up to 6 km, in many cases resulting in coverage gaps which would need to be overlaid
with a second generation technology.

Seamless handover between and within UMTS systems (cellular, cordless and satellite modes) is a requirement.
Handover to a fixed network UMTS should be possible, but it would be assumed to be to a cordless access using the
same or different terminals. Seamless Handover, is as perceived by the user, it does not imply Macro Diversity in all
Networks. Broadcast Services may not require handover and data services may be delay-tolerant to several seconds
when a handover is required.

Smooth handover in either direction between existing second generation and IMT2000 (cellular, cordless and satellite
modes) is a goal. Handover to a fixed network should not be ruled out, but it would be assumed to be to a different
terminal using a related subscription. Smooth handover does not imply macro-diversity in all networks.

5.2 System and business requirements
UMTS is planned to be provided on the basis of service capabilities (tools) rather than detailed specified service
definitions (as previously within digital cellular and ISDN). These would be supported by the Virtual Home
Environment (VHE) which allows the user his own service profiles (based on these tools) and his own MMI. The aim is
that the serving network should generally be able to support the requested services, even if they do not offer them to
their own customers. It is intended that VHE should be applicable to all UMTS supporting networks, at least as a sub-
set. This encompasses various implementations and includes the following aspects:

1) the customer having multiple VHEs in his various roles and services requirements;

2) the use of terminal software from various sources;

3) the use of remote operations between visited networks and service provider systems to activate services in other
networks;
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4) this will require transparent protocols across the visited network;

5) the use of distributed processing between the service provider system and the terminal transparent to the visited
network; to vary the functionality of the terminal.

The Virtual Home Environment (VHE) allows the user his own service profiles (based on these service capability tools)
and his own Man-Machine Interface (MMI) including users of private networks where the service provider is the Private
Branch eXchange (PBX) telecomms manager.

Clearly there will be some practical limitations, regarding bandwidth, connectivity, processing power, memory etc., and
these capabilities need to be negotiated (automatically) when seeking service from a network. Different networks will of
course have different capabilities.

Regarding suitable 'fixed' networks, these can be considered to cover genuine fixed, Wireless Local Loop (WLL) and
cordless systems. UMTS-based WLL is certainly considered, although since it is an example of fixed use, there will
need to be spectrum for this purpose. The scarce 'UMTS band' can be defined for the intended mobile and fixed use.
Fixed use may range from a single domestic cordless terminal to an office radio-LAN/PABX system. A common set of
Call Control and Mobility Management functions is required for this purpose.

In principle, the UMTS 'base station' must be scaleable (in any of the sizes from small domestic to large cellular).

An Access Network could be equivalent to the BSS or it can be considered to be a complete network, in which case it
must support VHE and location management, and the connection to the ISDN or other networks with interworking. The
access-only mode is expected to be more appropriate to small systems. The access + core mode relates to larger office
systems, but this need not necessarily be the case; e.g. existing cordless systems can support many terminals, which can
talk to each other free, so they could be considered to be a self-sufficient network. UMTS should aim to support these
configurations.

5.3 Architecture and protocol requirements
Architecture and protocol requirements need to be developed to support the service requirements. It is expected that
separate specificationswill be developed for Call Control from and for Location/Mobility management and Service
Control. Interfaces between these should be open. These functions will be required not only within and between UMTS
supporting cellular networks but also in the fixed networks; e.g. to support cordless operation.

Developments supporting much of the present functionality of mobility and IN application protocols may be required,
but these must run in the new environment whilst also supporting backwards compatibility. Narrowband, wideband and
broadband services will need to be supported.

The current functionality provided by the mobility protocols must be developed into a generic and logically separated
modular set of intelligent procedures. The current and developing functionality of INAP must be supported. These
generic protocols must support mobility as an open set of tools or features.

5.4 Network infrastructures
A requirement for UMTS support over differing access and core infrastructure implies that the interconnection and
service compatibility of supporting infrastructure is to be considered. This requires a common control mechanism and a
set of functions to support services to allow network-independent interworking.

Access and core networks for the support of UMTS by different operators and organizations may be based on different
technologies for the provision of user services, both within their users' own networks and also between different UMTS
networks and system types. Such technologies (see figure 5-1) might include N-ISDN, B-ISDN based on ATM
transport, LAN/Ethernet, satellite and other future transport networks which may be developed to support the
requirements of UMTS service capabilities. Common location management and call control functional requirements
must be defined for all such networks. However, lower-layer-protocol-related bearer transport may be based on different
techniques.
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LAN/Ethernet

ATM

64 kbit ISDN

Satellite

Figure 5-1: Basic Infrastructures which may support the UMTS functionality

5.5 Roaming and handover between mobile systems
The future set of mobile systems may include both UMTS systems and non UMTS systems. Such a system, figure 5-2,
might include UMTS cellular, UMTS satellite, GSM, ISDN cordless (e.g. CTM), packet data networks, Internet services
and B-ISDN high bit rate networks. Even, within the same mobile system, different base stations may provide different
capabilities (e.g. handover between pico and macro radio cells where the macro cell cannot support the same user bit
rates).

Roaming between different systems may be possible with some limitations. For example, roaming between cellular,
cordless and high bit rate networks will only be possible if service support can be re-negotiated (e.g. change of bit rate
after handover). Roaming and handover between such networks may be easily provided if both networks are based on
the same transport (e.g. ATM Switch Virtual Channel infrastructure), but may be also be required between networks
based on different transport infrastructures. Thus, ideally the radio interface and terminal capabilities should be capable
of interworking with a wide range of future and existing infrastructures for the support of user services.

Interoperability and roaming will be required for the same service supported a range of fixed and mobile systems for
both UMTS and non-UMTS systems; e.g. telephony support across differing networks. For example, interoperability of
voice services over hiperLAN packet data or Internet protocols supporting telephony might be considered with
specialized transcoding and possible service degradation. In such cases a change of service end to end transportation is
required as the user roams between networks, e.g. with a change of transcoding technique.

If ATM is the underlying infrastructure, then all network services can be supported and interworking, roaming and
handover can be discussed easily but other transport options must not be ignored. B-ISDN high bit rate networks may
require high bandwidth over the radio interface and low error rates which may only be available with line of site radio
communications for time critical services. B-ISDN broadcast services will not be restricted to line of site, requiring
location management or handover.
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Internet Services

Packet Data Networks

GSM

UMTS Satellite

UMTS Cellular

B-ISDN High Bit Rate

ISDN cordless (e.g. CTM)

Figure 5-2: Serving Network Support

Location updating is required for receivable interactive services; e.g. voice telephony, video telephony, packet data
calls, etc. Conversely 'dial-up' services like Internet browsing, e-mail access, telebanking, do not require location
updating but will require registration and handover.

The possible support of roaming between various combinations of systems, including handover, is illustrated in
table 5-1.

Table 5-1: Network support over infrastructures

Satellite N-ISDN ATM LAN/Ethernet
Satellite 99 N/A N/A N/A
Cellular 99 (Access) 99 99(Data services)
Cordless N/A 99 99 99(Data services)
WLL 99 (Access) 99 99 99(Data services)
High Bit Rate 99 (Broadcast) N/A 99 HiperLAN
Packet Data 99 99 (Access) 99 99

Internet 99(low bit rate or low
density coverage)

99 (Access) 99 99

For example some services may be based on packet data in one network but in another network non-packet data
transport. Packet Data Services cannot easily interwork with non packet services but roaming may still be required
between such services on differing infrastructures; e.g. ATM and LAN infrastructures. Likewise, Internet services
cannot easily interwork with circuit switched services (though work on interworking IP voice with Telephony is
underway) but, in a similar way, Internet services will require interworking and roaming across differing infrastructures.

Hence there is inter infrastructure roaming for the same services. Inter network roaming on the same infrastructure for
compatible services; e.g. telephony. Also limited combinations of inter-network and inter infrastructure roaming where
service compatibility is possible.
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5.6 UMTS system capabilities

Table 5-2: UMTS system capabilities

System Capability UMTS Target System
Location management Support for automatic location management for single and multiple registrations on

a single terminal.
Support of multi-mode terminals.

Roaming Roaming between UMTS and other 2nd and 3rd generation systems.
Support of mobility service broker avoiding need for bi-lateral roaming agreement.

Handover Inter access and/or core network handover.
QoS re-negotiation.
Routeing optimization.
Handover between UMTS and second generation air interfaces.

Service portability
(across network borders)

Homogeneous user profile access/structure.
Independent of environment technologies(e.g., cellular, cordless, satellite).
Virtual Home Environment.
Soft terminals.

Resource allocation
(user point of view)

Dynamic resource allocation.
QoS negotiation.
Support of real-time interactive and non-real-time services.

Bearer capability Connection-oriented and connection-less bearers.
Call control Call and bearer separation.

Transport and control separation.
Support of multiple calls on a single terminal.
Support of multiparty calls.

Session management Support of multiple multiparty, multimedia sessions on a single terminal.
Addition/drop of sessions/media.
Addition/drop of calls and parties.

Service provision Service creation based on standardized service capabilities.
Security procedures User/Network/Service provider mutual authentication.

Support of multiple authentication and ciphering mechanisms.
User card Removable user card.

Support of UIM roaming.
Charging and accounting Real-time charging and accounting.
Quality of Service Target QoS based on subscription.

QoS on-demand on session invocation.
Numbering and
addressing

Support of number portability.
Support of interworking to numeric legacy systems.
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6 Service perspectives

6.1 UMTS role models
GSM operator requirements for third generation trading relations are contained in GSM MoU TG.25 and are reproduced
below. Such role model issues fall outside of the scope of the UMTS Task Force and therefore this model is reproduced
for information and does not necessarily reflect the views of the UMTS Task Force as a whole. The following figure has
been extracted from the GSM MoU document TG.25 version 3.0.0 showing how the need for a large number of inter-
operator agreements can be handled:

Serving Network

Serving Network
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Mobility
Provider
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Figure 6-1: The Roaming role model for UMTS (GSM MoU TG.25)

The term "Mobility Provider" denotes an entity that offers mobility support to subscribers. A Mobility Provider
contracts with one or more Serving Networks for access and mobility support of his own subscribers (Home Mobility
Provider) and to offer mobility support to all subscribers in a network (Serving Network Mobility Provider). Note that
one or more Mobility Providers can contract with the same Serving Network.

6.1.1 Home Mobility Provider

The Home Mobility Provider is that with wich the subscriber has a contractual relationship. A Home Mobility Provider
can contract with one or several Service Providers for service provision to his subscribers. Note that the roles of Home
Mobility Provider and Service Provider may be combined in one organization, but UMTS should have the flexibility to
separate them. A roaming contract can be made with another Mobility Provider, allowing his subscribers to obtain
mobility support in all Serving Networks which contract with the other Mobility Provider for mobility support.
Alternatively, a roaming contract can be made with a Roaming Broker, allowing subscribers to obtain widespread
mobility support through all Mobility Providers contracting with the broker.

6.1.2 Serving Network Mobility Provider

A Mobility Provider may have a contractual relationship with one or more Serving Networks, to provide mobility
support to all subscribers in the serving network. It may also offer service support to subscribers in the serving network,
by acting as a proxy for one or more Service Providers.

6.1.3 Service Provider

This is the role which can have a contractual relationship with the Home Mobility Provider for the service support of the
Home Mobility Provider's subscribers. Alternatively, a contractual relationship may exist directly with a subscriber, to
provide services to the subscriber. For example, this could occur if the subscriber does not require mobility.
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6.1.4 Roaming Broker

This is the role having a roaming contract with many Mobility Providers, which acts as a broker between any two
Mobility Providers. The term "broker" implies signalling support for support of mobility and charging information.

6.1.5 Serving Network

This is the role having a contractual relationship with one or more Mobility Providers, which provides access to UMTS
services.

6.2 Generic VHE scenarios
The scope of IMT2000 Global Roaming includes the following:

- Personal Mobility: the ability of a user to access communications services anywhere, in accordance with his/her
service profile, within and between IMT2000 networks;

- Personal Routeing/Addressing: the ability of the network to address and route communications and services to
roaming IMT2000 users rather than to a geographic location or a physical device;

- Service Mobility/Transportability: the ability of the network to readily access, transfer, download, and/or modify,
the user's service profile from anywhere, subject to business and security considerations.

Service Mobility/Transportability is one of the three main mobility features of UMTS networks for offering "Home
Service" equivalence/transparency to UMTS subscribers/users. Within the scope of the UMTS systems/standards, it is
envisaged that there are a number of ways by which the service mobility/transportability feature can be supported, and
their signalling associations and corresponding transactions can be specified. Schemes to support this feature in the
majority of cases require shadowing of information and/or service logic. This includes:

- Primary user service profile;

- Supplementary user profile;

- Service logic;

- Specialized announcements; and

- Voice pattern prints.

Within the scope of UMTS, several possible scenarios of the Service Mobility/Transportability feature for the IMT2000
networks are possible. One or more of these scenarios may be used to provide equivalent "Home Service" to the
roaming subscribers/users. The manner by which the service mobility is carried out will be transparent to the users.

A VHE scenario is defined as a communication scheme among affected network elements of an IMT2000 system to
realize a home service environment to support a roaming IMT2000 user. From the user perspective, the VHE scenario
implies transparency of accessing home services. However, from the network perspective, the VHE scenarios may be
identified and enumerated based on the following criteria:

- Service control:

- Home network control;

- Visited network control;

- Split control (?);

- Service invocation (stimulus):

- Network;

- User;
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- Data repository:

- Home network;

- Visited;

- Split;

- Availability:

- Required standardization;

- Fall back;

- Security.

In the present document the VHE scenarios are identified and described from their inter-networking implications
perspectives and the location of the service control functionality. Evaluation of the scenarios will be done in
draft ITU-T Recommendation Q.FSN in order to identify their phased implementation and availability of the cross
network operations.

The following scenarios (as shown in figure 6-2) are examples of how the Virtual Home Environment concept can be
supported:

I. Shadow Home Service: this scenario requires that the following information/files are temporarily
shadowed/downloaded from the user's (home) network to the visited network: User's Service Profile/Data, Service Logic
Programme, Specialized Announcements, and Voice Pattern Prints. The service logic is then executed at the visited
network.

I.a Home Logic Distribution: in this scenario service logic is distributed by the Home Network Service Control
element upon the receipt of a service request from the user. An agreement will allow the visited network to accept the
service logic, run the service logic and delete the service logic, once its usefulness has expired.

I.b Service Logic Retrieval: in this scenario service logic is considered elementary along with its parameters. In this
case, both parameters and elementary logic can be described as data. Consequently, the delivery of the service in the
visited network is seen as a set of "elementary execution", performed by the visited network, which requests from the
home network the required data when needed. The service is delivered by the visited network through an execution
process.

II. Transparent Relay Home Service: this scenario calls for the capability of the visited network service control
element to relay queries for instruction/information to the home network's service control element, and relay back the
response to the visited network.

III. Shared Service Control: this scenario is a variation of the relay scenario called the "non-transparent relay home
service". In this case, the service logic is shared by pre-arrangement between the home and visited networks.

IV. Direct Home Command: this scenario calls for direct invocation using the home network service control element
for control of transactions. Furthermore, in this scheme, no relay/transit function is to be performed by the visited
network's service control element, and it does not require shadowing of the User Service Profile or Service Logic. In this
scenario, the visited network is not required to have a service control platform attachment at all.

V. Actual Home Service: this scenario proposes an "end-to-end signalling association" be established between the
mobile terminal and the home network's call control element e.g. Broad-band IMT-2000 environment, for the purpose of
both call and service control. In this scheme, the User's home network becomes a proxy agent for its registered
subscriber controlling the visited network. This arrangement does not require shadowing/downloading of any service
profile/logic or specialized resource. This scenario allows for a relation between software objects run on the mobile
terminal and in the Home Network server. A sub-case of this could result in automatic distribution of software objects
between remote servers and terminals.
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Figure 6-2: Virtual Home Environment Scenarios

NOTE 1: These scenarios may be described as separate options for Network Interconnection.

NOTE 2: When object modelling techniques are employed, the separation of processing (SCF) and data (SDF) may
not occur.

7 Identification of the ISDN-UMTS Sub-Systems
The most well developed set of network functionalities and capabilities for future mobile systems is described in Q.FNA
for IMT-2000. This should be considered as a basis for the development of the cross functional requirements between
the core network, service provider and the UTRAN. Some functions might be supported totally within the UTRAN but
others may require interaction between the UTRAN and the core network and/or service provider.

A key requirement for UMTS is its capability to support mobile access for multimedia services and to provide a
platform for convergence of fixed, computer and mobile networks. These issues need to be taken into account to
determine the special requirements placed on the UTRAN and core network. For example handover may require a re-
negotiation of the user service, involving the core network and/or service provider, when the new radio cell cannot
support the user service in the same way (e.g. handover macro to pico cell).

Other questions relate to whether the UTRAN is simply considered as a slave to the edge node in the core network (as in
GSM) or whether the UTRAN includes considerable intelligence and is able to execute many complex operations
without reference to the core network. The radio related aspects will, as far as possible, be supported in the UTRAN
only. Local handover will be supported in the UTRAN but streamlining may be required in the core network.

AN CN SP

CN

ACI
Terminal

NNI

RFI
SPI

Figure 7-1: Reference points

All these are affecting all parts. Many interfaces are not suitable. A unified interface is needed.
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The NNI may have to support IPv6, ISUP, SCCP and β.

Further detail is reported on core and access components from a UMTS perspective as shown in figure 7-2:
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Figure 7-2: Further reference points

Although there are a variety of mobile and fixed systems currently deployed all over the world, the set of basic
signalling procedures required for the support of mobility management between these networks is very similar and can
be well identified. Irrespective of the type of mobile service and/or access technology they support, the main procedures
are:

P1: updating of location information from the Visited Network/Area to the Home Network/Area;

P2: indication from the Home Network/Area to a Visited Network/Area that a subscriber has left the area it 
controls;

P3: transfer and updating of the subscriber profile from the Home Network/Area to the Visited Network/Area;

P4: allocation of roaming number by the Visited Network/Area for incoming call set-up on request of the Home 
Network/Area. This is only required when the network signalling cannot convey the mobile directory number 
in addition to a subscriber independent routeing number;

P5: exchange of authentication information between the Home Network/Area and the Visited Network/Area;

P6: per-call basis retrieval by the Visited or Originating Network/Area of subscriber profile elements from the 
Home Network/Area.

7.1 UMTS Domains in SMG12
The SMG12 draft 23.01 (v0.6.0) [6] identifies UMTS domains and reference points and is reproduced in figure 7-3.
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Cu = Reference point between USIM and ME.
Iu = Reference point between Access and Serving Network domains.
Uu = Reference point between User Equipment and Infrastructure domains, UMTS radio interface.
[Yu] = Reference point between Serving and Transit Network domains.
[Zu] = Reference point between Serving and Home Network domains.

Figure 7-3: UMTS Domains and reference points

The UMTS Task Force has identified two variants in figures 7-4 and 7-5 to overcome deficiencies in figure 7-3.

Figure 7-4: Additional Reference Point to Third Party Application Domain
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Figure 7-5: Additional reference points for fixed and cordless access to public and private networks

8 Serving Network Domain
It is widely recognized that one of the most important requirements for UMTS is its capability to support mobile access
to multimedia services and applications. Also an important driver for UMTS is to provide a platform for convergence
and integration of fixed, computer and mobile networks for the provision of multimedia applications and services to
users whilst on the move.

Two of the requirements for efficient support for multimedia applications, which currently cannot be achieved by second
generation mobile networks such as GSM, are the allocation of sufficient bandwidth and the flexibility of the underlying
bearers. These issues are being addressed within standardization bodies such as the ITU and the ATM Forum for the
support of such capabilities within both fixed and mobile networks.

In addition SMG2 is considering the UMTS Radio Access Network (UTRAN) and in particular the architecture groups
within SMG2 (UTRAN ARC) is considering the use of ATM within the UTRAN. Within the UTRAN the AAL2 and
AAL5 (and possibly AAL1) are being considered for the efficient support of a wide range of user services as well as
efficient support of the W-CDMA features such as macro-diversity and soft-handover within and between RNCs (Iur
interface).
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8.1 Transport network
UMTS should provide a wide range of transport services for the support of mobile multimedia services and applications.
Future mobile networks should provide the integration of fixed, computer and mobile networks for the provision of
multimedia applications and services to users whilst on the move. An aim of UMTS should be to support user services
and applications on a variety of serving networks independently of specific underlying transport. It is appreciated that
certain network implementations, and in particular radio access technologies, will place constraints on the applications
and services that can be supported. Negotiation will be required to adapt the requirements of the services and
applications to the capabilities of the terminal, radio environment, radio interface, access network and core network
transport and control.

8.1.1 Transport of services

The target is the support of user services and applications on any serving network independent of specific transport used
in the underlying network. It is appreciated that certain network implementations in terms of transport and control may
place constraints on the applications and services which can be supported. Negotiation will be required to adapt the
support of services and applications to the capabilities of the terminal, radio environment, radio interface, access
network and core network transport and control mechanisms within specific network and radio interface
implementations.

8.1.1.1 Multimedia applications

A target for future mobile systems is to support a wide range of mobile multimedia applications for many years into the
future. Whilst users today may accept the appalling quality of service offered by the internet there will undoubtedly be a
future requirement for much higher QoS. Users will for instance expect sub-100 ms response times for data applications
(i.e. subjectively instant). However there is also a need to be highly spectrally efficient. As such future UMTS services
will vary from CBR to VBR with guaranteed QoS to best effort connectionless and in order to remain efficient all these
different service types must be supported simultaneously on a single integrated network.

A multimedia 'call' may comprise many different call components to many different destinations. These components may
be concurrent and/or consecutive. The components may be fully independent in both time and QoS requirements. During
the lifetime of that application a number of information transfers may be invoked. As many of these applications are
related to multimedia services, it is expected that many of these will be based on IP addressing and routeing possibly as
a connectionless service. A multimedia application may require a range of communication capabilities during its life
time. These may be inherently connection orientated in nature in some case and connectionless in others, irrespective of
how these facilities are provided within the underlying transport.

For example the user may wish to gain access to information from a web page as a non-real-time data transfer but at the
same time he might also be involved in a real time interactive voice communication with another user. Even for access
to multimedia information it is possible that the information required might be downloaded from a number of servers in
different but related locations.

Within the terminal it is expected that a range of application software will be available for the support of various user
applications. This software might be stored within the terminal or downloaded from a service provider to enhance the
capabilities of the terminal or downloaded as required to support the invocation of a specific user application. The
terminal may or may not retain that software within the terminal after the completion of that application.

The invocation of a multimedia application can be considered to be distributed over a number of terminals and other
entities involved in the execution of that application. Terminals and other entities may be added or dropped as required
during the execution of that application. During the lifetime of that application a number of information transfers may be
invoked between the parties involved.

Call control should be provided between end terminals, as well as call control entities within the network, to provided an
association between the end parties involved in the execution of that application. It is also possible that an association
may be formed between the entities involved in the execution of that application by other means. This may be required if
information transfer is provided via a number of separate calls during the lifetime of the execution of that application.
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Such a call set-up process forms an association between application processes within the end terminals for the support of
the requested application. This enables the correct mobile application to be invoked within the end terminals as well as
routeing incoming and outgoing information between those applications. Call control would also enable authentication,
ciphering and negotiation between end terminals for the efficient support of the requested user information transport.
The terminal must route information to and from the correct invocation of the application software within that terminal.

8.1.1.2 Internet services

The rapid growth of the internet (including Intranet and Extranet) is leading to the development of networks based on IP
addressing and routeing. For this purpose IPv4 is being used for access to internet capabilities. The IETF is now
developing IPv6 to include a number of enhanced capabilities including the support of mobile systems. However at the
moment the focus is predominantly terminal portability rather than true mobile systems.

The issues to be considered in UMTS relate to the transport of IP based information, support for IP addressing and IP
routeing. Mobile systems raise a number of issues relating to efficient transport of IP packets through the network and
over the radio interface including the impact of handover on IP packet transport and the dynamic update of IP routeing
tables in the network. IP leads to a large header to carry IP source and destination address but it is expected that
techniques can be developed so that this header is only carried over the radio interface for the first IP packet related to a
specific communication.

Many new services are expected to be offered on IP networks including delay critical services such as a voice over IP.
Real time services may depend on broadband networks to provide the required low end to end delays as well as resource
reservation to provide guaranteed QoS. The combination of IP and ATM can offer a system which, whilst retaining the
flexibility of IP, offers QoS capabilities of ATM.

Computer networks are based on IP as a connectionless service for the transport of packet data between end user
terminals. The requirement is to transfer delay tolerant data over a number of networks, possibly with different transport
mechanisms, with IP routeing for interworking and onward routeing of IP packets between those networks.

IP networks provide a best effort service with end to end delay being dependent on the size of IP packets, number of
networks, number of IP routers, characteristics of each network (e.g. bit rate) and congestion on those networks. TCP on
top of IP enables error correction via end to end retransmission as well as flow control to adapt the source transmission
rate to network congestion. TCP also provides routeing of IP packets to the correct application software in the
destination terminal.

Many new services are expected to be offered on IP networks including delay critical services such as a voice over IP.
Real time services may depend on broadband networks to provide the required low end to end delay as well as some
form of resource reservation protocols to provide guaranteed QoS.

IP connections are liable to remain open for a very long period with occasional transmission bursts for file download or
just one IP packet to send a request to an web site. The IP network might monitor traffic flow and if it appears that a
large file transfer is in progress then a more direct connection may be set-up. This new connection would be provided
via a cut through process to reduce the number of IP routers within an end to end connection for better performance and
efficient use of network resources.

IP networks are controlled by in-band signalling (IP address in header to route the packet) whilst management functions
allocate more or fewer resources between routers depending on traffic flow. To the user, IP appears to be a
connectionless service although certain parts of the connection might be connection orientated. The user is able to
transmit and receive information at any time although priority and flow control may be provided for access to certain
networks resources such as the radio interface. Routeing is based on network and terminal identity. IP routers in the
network include large routeing tables which must learn, via a broadcast capability, of the location of new IP networks.

8.1.1.3 Multimedia services

The development of B-ISDN will provide the support of a wide range of user services based on ATM transport. This
will enable a range of service types to be supported such as Constant Bit Rate (CBR), Variable Bit Rate (VBR) and
Available Bit Rate (ABR) services both real time an non-real-time. A wide range of QoS requirements for end to end
user connections would be supported including parameters such as peak bit rate, mean bit rate, delay, delay variation,
maximum long term bit error rate, maximum short term burst error rates.
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A wide range of traffic profiles will need to be supported. Traditional CBR services would relate to voice although
video might also be considered as a high bit rate CBR service. In the case of voice and video, transcoders might be
required to reduce the use of valuable network resources, particularly over the radio interface. Even voice might be
based on a VBR real time service either end to end or over the radio interface to reduce the use of network resources. It
is possible that some real time services might be supported by IP packet transfers, in which case the network may need
to guarantee QoS.

Data transfers, e.g. Internet, are liable to lead to short bursts of information transfer from single key stokes at one
extreme to web page download at the other extreme following by long periods of zero or very low information transfer.
A VBR non-real-time service may be used for data communications with short bursts of high bit rate (e.g. up to 2
Mbit/s) followed by long periods at very low bit rate. Alternatively an ABR service for data transfers enables spare
capacity to be used on network and radio interface resources but requires in band signalling of network and radio
interface congestion to provide end to end flow control.

8.1.1.4 Connection types

The task of UMTS is to extend the support of multimedia services to users whilst on the move. This will imply the
support of end to end user information flow including transport over one or more radio interfaces. Various connection
types, connection orientated and/or connectionless, could be setup for end to end transfer of information to support end
user applications.

End to end call set-up, or some other form of association between end user applications, will authenticate the entities
involved and provide ciphering keys. This should also include negotiation between the end parties involved, including
capabilities of end user terminals and possibly radio cells, to determine the way in which the user service should be
supported. For example the coding of speech might depend on the radio interface type (pico, micro or macro cell) to
which the user is connected. Such service parameters may need to be renegotiated as the user roams, due to changing
radio propagation and interference as well as handover between radio cells with different characteristics. In some cases
the service may be rejected due to limitations of the network and radio interface, or the user asked how he wishes to
proceed.

An end to end connection should be able to support a range of information transfers and connection types (e.g. point to
point, point to multipoint, etc). The end to end connection might include a number of sub-connections between
interworking functions. Such sub connections might consider of a range of AAL types (AAL1, AAL2, AAL3/4, AAL5,
SAAL) as well as connection types for other networks (e.g. N-ISDN, ethernet, etc). Some connections may be provided
via resource reservation for guaranteed QoS whilst others may be best effort services. Interworking functions might
include interworking between connection types, transcoding, ARQ, IP routeing, bridging, handover, etc.

8.1.1.5 Resource allocation

UMTS (as well as B-ISDN) will need to support a mixture of services with different QoS requirements and traffic
characteristics on the same network including delay critical and delay tolerant services as well as VBR services with
very high peak to mean bit rate. The efficient use of network resources will be essential particular over the radio
interface. It is expected that UMTS will need to reduce the bit-rate over the radio interface to enable the largest number
of users to be supported whilst in other cases bit rate may need to be increased for added error protection. The transport
of user information across the network may be a mixture of connectionless and connection orientated services.

It is expected that priority will be allocated to specific services for access to valuable network resources, particularly
over the radio interface. For example multiple parallel queuing structures might be provided so that real time CBR and
VBR services would have priority for access to network resources whilst VBR non-real-time services must wait for
resources to become available, such as during low bit rate periods for a VBR real time service. In addition the network
would need to indicate congestion information back to the source for available bit rate services. In this way all users
would be provided with their requested QoS whilst providing the most efficient use of network resources but connection
admission control algorithms to achieve this objective may become rather complex.
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8.1.1.6 Transport over Radio

UMTS will evolve from the provision of the UMTS radio interface that will offer greater capacity and a wider range of
services. The basic bearer services over the radio interface will enable UMTS to support a wide range of user QoS
requirements, connection types and traffic profiles whilst providing efficient use of network resources in particular radio
interface resources. This will be essential to enable new mobile multimedia services and applications to be offered to
users. The UMTS radio access network, UTRAN, will enable such service to be supported within the radio access
network. The UTRAN should also hide, as far as possible, radio specific aspects from the core network.

The target services for transport over the radio interface have been extracted from UMTS 22.05 [8], as shown in
table 8-1 but these requirements are radio environment dependent.

Table 8-1: Minimum bearer capabilities for UMTS

Real Time/Constant Delay Non Real Time/Variable Delay
Operating

environment
Peak Bit Rate BER/Max

Transfer Delay
Peak Bit Rate BER/Max Transfer

Delay

Rural outdoor
(terminal speed
up to 500 km/h)

(notes 1, 5)

at least 144 kbit/s
(preferably 384 kbit/s)
granularity
16 kbit/s or better
(note 3)

delay 20 ms to
300 ms
BER 10-3 - 10-7

(note 4)

at least 144 kbit/s
(preferably 384 kbit/s)

BER = 10-5 to 10-8

Max transfer delay
150 ms or more
(note 2)

Urban/ Suburban
outdoor

(Terminal speed
up to 120 km/h)

at least 384 kbit/s
(preferably 512 kbit/s)
granularity
40 kbit/s or better
(note 3)

delay 20 ms to
300 ms
BER 10-3 - 10-7

(note 4)

at least 384 kbit/s
(preferably 512 kbit/s)

BER = 10-5 to 10-8

Max transfer delay
150 ms or more
(note 2)

Indoor/ Low
range outdoor

(Terminal speed
up to 10 km/h)

2 Mbit/s
granularity
200 kbit/s or better
(note 3)

delay 20 ms to
300 ms
BER 10-3 - 10-7

(note 4)

2 Mbit/s BER = 10-5 to 10-8

Max Transfer Delay
150 ms or more
(note 2)

NOTE 1: The value of 500 km/h as the maximum speed to be supported by UTRA in the rural outdoor
environment was selected in order to provide service for high speed vehicles (e.g. trains). This
is not meant to be the typical value for this environment.

NOTE 2: The maximum transfer delay value should be regarded as the target value for 95 % of the data.
NOTE 3: A first estimation of the expected granularity is proposed for each radio environment.
NOTE 4: There is likely to be a compromise between BER and delay.
NOTE 5: Evaluation of radio performance as specified in UMTS 30.03 [5] will focus on more typical

speeds for the rural outdoor environment (including at 250 km/h).

Both real time and non-real-time cases may include packet or circuit type connections.

Speech bearers have to be supported in all operating environments.

8.1.2 Circuit switched transport networks

This subclause outlines an evolution scenario for the UMTS core network. Thus various cases in this subclause are not
intended to describe a phased deployment but rather a number of options, some of which may be combined depending
on the operator requirements and the complexity of implementation.

One key feature might be the provision of a core network edge node which can be easily adapted to support a range of
requirements within one physical entity. This might include provision of N-ISDN interfaces but based on an ATM
internal transport within that node, an A interface for GSM, SGSN Gb interface for GPRS, support of higher layer AAL
switching or trunking (e.g. AAL2, AAL5, etc.), connection to IP addressing and routeing capabilities, and interfaces to
UMTS service providers.
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The network architecture proposed introduces an ATM based UMTS Edge Node (MSC) that will offer a number of
benefits:

1) overall increase of system capacity in the UMTS Core Network;

2) extended support of Multimedia Services by providing flexible bearer capabilities and increased bandwidth
allocation;

3) provision of a common platform for packet and non-packet services;

4) support for connection oriented and connectionless services;

5) support for full IP routeing capabilities.

Such a UMTS Edge Node is capable of:

- transparent transfer of data between RNCs (supporting Iur traffic) and between RNC and existing GSM/GPRS
network infrastructure;

- support of UMTS user equipment Service requests through the existing network infrastructure;

- mobility support for UMTS user equipment through existing HLR capabilities;

- support for third party service provision;

- access to emerging Broadband networking capabilities;

- full UMTS service capability will be available once the ATM edge nodes are interconnected by an ATM core
network.

Case 1: Initial UTRAN deployment for Iur traffic

An edge node based on ATM may be initially introduced to provide transparent transport of information between RNCs
within the UTRAN (i.e. over the Iur interface). This could also be used to provide transparent transport between the
RNC within a UTRAN and also a BSC for GSM to/from an existing core network infrastructure
(i.e. MSC - A interface, SGSN - Gb interface). This Edge Node would implement a relay function and transport
interworking to the existing network infrastructure as required.

Obviously in this model the edge node has done little to support access to a wide range of mobile multimedia services
within the core network. Access to such services will be limited by the standards for connection to MSC and SGSN for
GSM. What has been achieved is to provide the ability to support flexible ATM connections between RNCs within the
UTRAN (i.e. Iur interface). This will simplify the support of UTRAN capabilities such as soft handover and
macro-diversity.

Also an ATM edge node has been installed which can evolve to support more of the requirements of UTMS. One
concern is that the need for the UTRAN to a connect to current GSM or N-ISDN core network might limit the options
for the allocation of functionalities to the UMTS access and core networks which might not enable the preferred solution
for the final UMTS to be achieved.

Case 2: Supporting the Iu interface to the RNC

The edge node based on ATM implements and supports the requirements of the Iu interface for the connection of a
UTRAN to an ATM core network. In addition the edge node might also support an ATM connection between RNCs
within the UTRAN for the Iur interface as in case 1 above.

The UMTS services available will be limited by the capabilities of the existing network infrastructure. If other parts of
the core network are not based on ATM, or have limited capabilities, then interworking functions will be required which
might limit the UMTS capabilities and the Iu requirements which can be supported. Interworking to GSM/GPRS
interfaces for GSM Phase 2+ is for further study.

Implementing an edge node based on ATM to support an Iu interface would also enable the development of IP
addressing and routeing within the edge node. This would enhance the capabilities of UMTS to provide early access to
multimedia services based on IP addressing and routeing over a range of network types and network transport
mechanisms.
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Case 3: Implementation of UMTS mobility services

The connection of the UTRAN to the edge node over the Iu may imply the need to initially support mobile service via
existing GSM networks (e.g. for location management) across the Iu interface based on the existing capabilities (i.e.
HLR/VLR). This would imply the need for the edge node to interwork to MAP based protocols for GSM for access to
the HLR.

This would not achieve the full capabilities of UMTS but might enable an early implementation of UMTS for access to
some new transport services. The main issue is whether interworking to MAP based protocols for GSM, without access
to UMTS service provider capabilities, could seriously limit the capabilities which can be supported in early
implementations of UMTS.

Case 4: Support for service provider services

The connection of the edge node to third party service providers via an open Zu interface will enable the full capabilities
of UMTS to be implemented. Of course service providers may take some time to develop a wide range of services and
applications which can be offered to users, including Virtual Home Environments. Also such services may be limited by
the capabilities of the core network if ATM and IP transport, addressing and routeing is only available in the edge node.

Case 5: Interconnection to broadband

Migration of transport in the core network to ATM and IP for transport, addressing and routeing over the Yu interface
will lead to a wider range of service capabilities supported both in terms of control and transport. At this stage the full
implementation of the UMTS requirements can be supported although there might be some delay before UMTS service
providers have had time to develop and offer a wide range of new services and applications to mobile users.

Questions to ask relate to whether this is the only scenario to ensure that UMTS can be implemented and commercially
exploited or whether some of the other evolution scenarios are sufficient for the early implementation and commercial
exploitation of UMTS. Also will the implementation of some of the evolution scenarios, possibly as steps towards the
final implementation for UMTS, could limit the capabilities which can be offered in the final system by the need for
backward compatibility with second generation systems during such an evolution sequence.

8.2 Control network

8.2.1 UMTS procedures

The following classes of UMTS Procedures are distinguished:

- Attach/Detach;

- Registration, Roaming, Paging;

- Call Control;

- Bearer Control, Handover.

The classes of UMTS procedures are specified independently from each other in terms of state machines. Each state
machine could be seen as a plane in the user side and in the network side (figure 8-1).
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Figure 8-1: State Machines

The overall state at the user side is described by the set of states in each of the different planes. A similar overall state
exists at the network side; it is not the state of the overall network, but the state of the user as perceived by the network.

Different planes are implemented in the network in different points (e.g. different physical entities in the network); the
two columns (user side and network side) may be aligned or not aligned. Signalling procedures are necessary and are
used to align such states between user and network sides.

Procedures (e.g. calls, location updating, services) are possible only with some combination states of the column; for
example to perform a call, the terminal must have been registered, the user authenticated, an appropriate channel
assigned, etc. For an emergency call less stringent requirements are needed.

Advantages of the approach using parallel planes are the following:

- analogy with GSM approach for layer 3 on radio access (Mobility Management, Radio Resource Management,
Call Control); it is easy to show improvements provided by UMTS;

- possibility of inclusion (hopefully in a transparent way) of the mobility state machine for UPT;

- possibility of easy identification of misalignments between user and network side that may be critical or correct
service provision;

- easy identification of UMTS requirements on IN for the different services and procedures, taking into account the
network side column, applied to functional of physical entities (depending on the network architecture definition
level reached).

8.2.1.1 Location management procedures

8.2.1.1.1 Considerations on location management

There will not be a network based Terminal Profile to manage a terminal identifier. The terminal identifier will not be
used, or required as permanent network data, in the location management procedures including: Location Registration
(including a user status update), Location Updating, and Collecting Routeing Information at call set up.

The network may need to store terminal capabilities collected from the terminal throughout the life of the registration.
This data is stored as temporary dynamic data. An equipment (or terminal) identity may be passed by the Location
Management protocol to enable the check of equipment identifier against a "blacklist" of stolen equipment. The relation
of identities to a satellite component of UMTS requires further consideration.
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The visited network must allocate and use a temporary identifier during a registration, comprising: the visited network
identity; the service domain identity; the location area identity. This does not preclude this structured identity from being
changed during the life of a registration. Location information allocated by the visited network will be sent and stored in
the home network as temporary data; this information will be used by the home network to control the service. The use
of a User Identity, which is related to a subscription, is required by these procedures.

8.2.1.1.2 Introduction to the procedures

This State Model covers the following mobility procedures:

User Registration

This procedure is initiated by the user to notify the network of the presence of the user at a terminal. If this is the first
User registered on the terminal, then location registration is invoked. If multiple subscriptions are allocated to a user,
separate user registration procedures are required per subscription (see note). User registration might result in the
storage of service subscription related data at a network node near the current location of the terminal and a notification
of the registered service subscription to the home mobility provider.

NOTE: The nature of the subscriptions (mobility and/or service) is for further study.

User Deregistration

This procedure is initiated by the user to notify the network that the user will no longer be reachable. If multiple
subscriptions are allocated to a user, separate deregistration procedures apply. See also further: terminal initiated detach
procedure.

Location Update

This procedure is initiated by the terminal whenever the location information received via the radio path does not
correspond to the location information currently stored in the terminal and the network or when the terminal is powered
on or upon a request from the network (e.g. location data lost in a network entity). The procedure results in updated
location information.

Location Registration

This procedure is initiated by the terminal when it enters another network domain where the terminal is not registered
yet (i.e. another public or private network or an area covered by another local mobility management entity within the
same network). The procedure results in the generation of new location information, might imply a deletion in the
previous domain of all data related to the terminal users and requires user registration procedures for all active service
subscriptions at the terminal.

Location Deregistration

Location deregistration is activated when the terminal is deregistrated from the network. See also further: terminal
initiated detach procedure.

Where multiple users have registered on the same terminal, collective mobility management procedures may be
performed to reduce signalling load and database access load.

8.2.1.1.3 Information model for location management

The information model reflects the organization of the data needed for location management. The attributes store the
relevant values for the location management and they are grouped in data entities (or data object classes). Each data
entity contains a number of instances which are distinguished by a key or identifier. The data entities are linked by
several relationships to show the associations between the instances. Figure 8-2 shows the entities needed for location
management.
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Figure 8-2: Information model for location management

Description of the data entities

User

An instance of this entity indicates a user and is identified by the International Mobile User Identifier (IMUI). The user
is the person or other actor (e.g. a machine) that uses the services for which he is authorized.

The attributes include:

- Temporary Mobile User Identifier (TMUI): this attribute is assigned to each user to cater for confidentiality on
the air interface. The TMUI is conceptually similar to the GSM TMSI;

- Network Identifier for Visited Network (NIvisited);

- Domain Identifier (DI);

- International Mobile User Number (IMUN): IMUN is a sequence of digits used to identify the called person (or
machine) in the network;

- User Service Profile: the user service profile reflects a collection of attributes indicating for each registered
service the service characteristics.

Network

An instance of this entity indicates the network in which the user is located and it is identified by the Network
Identifier (NI). It contains network related data (e.g. routeing data).

Service Domain

The service domain is a geographical area in which a certain set of services is provided to the user. An instance of this
entity indicates a single service domain and it is identified by the Domain Identifier (DI).
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The attributes include:

- Network Identifier for the Visited Network (NIvisited);

- List of Mobile Terminal Roaming Numbers (MTRN): An MTRN is a temporary E.164 number assigned to the
roaming user on a per call basis that allows routeing of a call towards the user or terminal.

Location Area

An instance of this entity indicates the geographical area in which a user/terminal pair is registered. An instance of this
entity is identified by the Location Area Identifier (LAI). The LAI contains the identities of the visited network, the
service domain, and the location area.

The attributes include:

- Domain Identifier (DI);

- List of Paging Areas: Paging areas are sub-areas of the location areas which are used for intelligent paging.

Terminal

An instances of this entity is the piece of equipment on which a user is registered and on which it can use
telecommunication services. An instance of this entity is identified by the Temporary Mobile Terminal Identifier
(TMTI).

The attributes include:

- List of IMUI: Several Users may register on single terminal;

- Location Area Identifier (LAI): the stored LAI corresponds to the current location area. If the terminal moves
into a new location area, the LAI is updated due to a report of the new LAI from the terminal;

- Terminal Capabilities: the terminal capabilities reflect a set of values that indicate e.g. bandwidth, bearer
services, air interfaces that can be supported by the terminal.

8.2.1.2 Attach/Detach procedures

The attach/detach procedure is intended to notify the network about the status of the terminal on which the user has
registered, i.e. whether the users registered on that terminal are reachable or not. In the case of incoming calls to a not
reachable (detached) terminal the requests can be rejected at an early stage. This reduces the signalling and processing
load in the system as well as network and radio resources (it prevents unnecessary paging).

At a user registration/deregistration the status of the user is implicitly set to attach/detach respectively. The status
information of the user should be part of user registration data.

It is a service requirement that this status data must be available to the home network to effectively manage IN
personalized service features. This data transfer may either be carried out:

- by relay during the attach/detach procedure; or

- by status information in the response to the request for routeing information during the call delivery procedures.

The better option should be selected considering the generated signalling load, efficiency and implementation costs.

NOTE: The expression "a user is registered on a terminal" means that a user has an association with this terminal.

User detachment

In the detach procedure the network is notified that the user is not reachable. In this context not reachable means that the
terminal at which the user has registered is not able to receive calls. The detach procedure can be initiated by the
terminal or the network.
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The detach procedure is performed in the visited network in following cases:

a) the terminal is switched off and the user(s) have not de-registered (terminal initiated);

b) the terminal gets out of coverage of the network. This can be detected by various mechanisms, e.g:

- when the terminal realizes that it is leaving the coverage area, it sends a detach request to the network and
sets itself to detach status (terminal initiated detach by location deregistration);

- the terminal fails to answer 'n' times to a location update request or paging request; the network marks the
terminal and possibly also the users on that terminal as detached. Correspondingly, the terminal sets its
status to detached when during a period of time no contact with the network has been possible;

c) the UIM is removed from the terminal (terminal initiated detach by user deregistration).

This list does not aim to quote all possible detection options for a detach situation. The detach procedure might result in
the deletion of data at the RAN if the RAN performs local mobility management functions.

User attachment

In the attach procedure the network is notified that the user is reachable again. In this context reachable means that the
terminal at which the user has registered can receive calls. The attach procedure is always initiated by the terminal.

The attach procedure is performed in following cases:

a) a powered up terminal, with users registered on it becomes reachable again (attach by location update or other
activity);

b) a switched off terminal, with users still registered on it, is powered on again (attach by location update);

c) the UIM is inserted into a powered up terminal (attach by user registration).

Attach after detach procedures can only be successfully executed if the terminal and the registered users did not move
during the detach period outside the area within which temporarily assigned identifiers are valid.

The procedure might result in the deletion of data at the RNC if the RAN performs local mobility management
functions.

8.2.1.3 Handover control

Handover cases may vary from a simple change of radio channel at the same mobile-base station link, through to a
complete change of point of attachment to include a re-direction and re-routeing of the network side of the connection.
In the following subclause only connection-oriented services and their signalling are included.

8.2.1.3.1 Functional and procedural requirements for handover

This subclause identifies some key requirements put on handover from a functional and procedural point of view. These
are derived from analysing the different handover conceptual phases which are:

a) Monitoring and collecting of data;

b) Decision;

c) Path creation and switching;

d) Completion and route optimization.

These phases are defined as follows:

- monitoring process: this process collects radio measurements, aggregates these data (e.g. averaging) and forwards
them to the decision entity. This data gives indication on the quality of the radio link and on the radio
environment (signal profile, path loss, ...), and is used for handover decision processing;
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- decision process: the decision process comprises two sub-processes which can take place simultaneously. The
first one determines when the handover must be triggered by comparing collected data with pre-set thresholds.
The second one selects the target cell according to pre-set criteria defined for the handover;

- path creation and switching: this process creates a new radio link and the associated service path through the
fixed network and performs any necessary switching (possibly bridging) and path combination;

- completion and route optimization: this process frees up any unneeded resources. Finally, once the handover is
completed, a rerouteing can be triggered to allow for a new optimal routeing.

The involvement of FEs during the different handover phases is described below.

Monitoring process

This phase deals with the supervision of the local environment as perceived by the mobile terminal (current status of the
radio link, global interference level within a given area, serving and neighbouring cell congestion, ...). Collected data
(e.g. radio measurement samples, traffic local within a local area, ...), which has only a local significance, needs to be
processed to monitor the environment experienced by the mobile terminal and to prepare the decision process. This
phase therefore only has meaning in a local context (i.e. a given area within the radio access sub-network) and must not
involve IN related control function (e.g. SCAF, SCF). Functional involvement during the operations needed for this
phase are the following:

- collection of radio data only involves the RRC and/or the MRRC;

- collection of traffic data is performed by radio access subsystem entities. Traffic data is extracted by the RACF
for processing purpose (both for the monitoring and decision phases);

- monitoring involves the RACF.

Decision process

Handover decision is based on the processing of pre-set algorithms using collected data. Depending on the monitoring
process (e.g. averaging window, number of averaged samples), this data will give a more or less accurate picture of the
local environment associated with the radio link to be handed over (e.g. current radio link quality, interference level
generated by the surrounding cells, traffic load around the serving cell, ...). The result of the decision is to determine
another local environment (identified by the target cell) in which the radio link could be reasonably maintained for a
while. Handover decision is therefore based on a very close observation of the 'living' behaviour of the system.

One of the IN principles is to ensure independence of the SCF vis-à-vis the backbone network: it is stated in ITU-T
Recommendation Q.1201 [4] that 'service logic must be implemented in a service-, network configuration-, network type
independent way'. The decision phase is based on some processing capabilities or logic which should therefore not be IN
specific. Processing control functions needed for handover decision are performed by the RACF.

NOTE: It may occur that access right needs to be checked during the decision phase, e.g. for inter-network
handover. This should not be considered as being a part of the decision process, but as user service profile
checking needed to be performed for the support of mobility between different administrative domains (in
the same way as for other mobility procedures, e.g. user registration, location registration, etc.). More
generally, the involvement of the SCF is not required for the decision processing by itself, but may be
needed for exchanging data between geographical and/or administrative domains such as:

- the authentication key between different locations;

- relevant data for the handling of charging and accounting in case of inter-network handover. In this
latter case, the SCF should be triggered via the CCF/SSF because the data to be exchanged has
significance only in a context associated with the call;

- user information related to the service profile (e.g. for access right checking).

Path creation and switching

This phase clearly involves the BCF, RBCF and BCAF. Co-ordination between these various Bearer Control functions
is performed by the RACF.
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Completion and route optimization

Completion consists in releasing the old path together with related instances of control functions and therefore involves
bearer control functions. The release of the old radio link will be performed by the invocation from the RBCF/BCAF to
the RRC/MRRC to free up the unneeded radio resource.

Some logic control function is also needed to provide routeing information (see note below). Upon knowledge of this
information, the backbone network (e.g. PSTN, ISDN, ...) performs route optimization. For that purpose, bearer control
functions are activated and piloted by the CCF (the CCF is the only entity handling the call context).

NOTE: The location of this function, e.g. in the SCF or in a dedicated SCF-like for handover, needs further
investigation.

Key requirements

The discussion above is summarized in the following functional and procedural requirements for handover:

HO_F_1 Handover procedures should be harmonised between the different handover types.

HO_F_2 Processing of data having local significance (e.g. radio measurements, traffic load within a local area, ...) 
should be performed independently from the IN Service Logic Program (SLP). As a consequence, the 
handover monitoring and decision phases should not involve IN Service Control Functions (e.g. SCF).

HO_F_3 Handover procedures will basically use bearer control functions (e.g. RBCF, BCF) and radio associated 
control functions (e.g. RACF).

HO_F_4 The SCF may only be triggered in case of handover between different geographic and administrative 
domains. This should be possible in order to cater for the transfer of relevant information (e.g. radio related 
identities similar to the LAC in GSM, routeing information, authentication key, charging and 

accounting data) needed for:

- determination of signalling destination address;

- route optimization;

- ensuring integrity of the ongoing call; and

- correct handling of the administrative procedures.

8.2.2 Functional model for UMTS

8.2.2.1 Requirements for the UMTS functional model

Figure 8-3 shows the functional model for IMT2000 enhanced with functions for UMTS. It reflects the basic concepts of
UMTS and commonalties with other network-concepts (such as e.g. IN, B-ISDN), namely:

- the separation of switching, service control and service data functionality;

- the support of call and connection control (bearer control);

- the separation of call unrelated interactions;

- the support of call related interactions;

- the separation of terminal and network related functions (these functions will be separated by the radio interface
in the case of UMTS);

- integration of terminal functions for wired and wireless access.

The model shows the functional entities (FEs) and the functional relationships between these FEs, and provides the basis
for the development of service specific functional models. Each FE of the generic functional model represents a group of
service specific FEs.
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In a specific network, several FEs of the same type may exist. However, in the generic functional model, each FE type is
shown only once. A relationship between two FEs of the same type is shown as a "relation loop" starting and ending in
the same FE.

In the model, a distinction has been made between functions residing at the mobile side of the radio interface and the
functions residing at the network side of the radio interface. The functions at the mobile side together form the
functionalities required at the access (mobile) side of the concentrator formed by the radio interface (e.g. paging
response, initial access, authentication, channel coding, ciphering, etc.).

In principle the model should support the de-coupling of the radio access functionalities and possibly radio bearer
control from the user/network interactions necessary to manage and control users and telecommunication services which
should be as common as possible with other telecom networks (e.g. ISDN, B-ISDN). In more detail, the following
tentative set of functions would be involved in such a de-coupling:

- control and management of point to multi-point associations from the network to the users;

- possible interworking functions necessary to adapt network protocols to the specific radio and procedural
requirements/constraints;

- translation of the mobile terminated call request/paging into the radio network specific procedure.

It may represent the border between handover procedures that can be treated completely at the UMTS access level and
handover procedures that require the involvement of other entities in the fixed part of the network.

8.2.2.2 The IMT2000 functional models

In the IMT-2000 functional models, the functions required for IMT-2000 service support have been grouped into
Functional Entities (FE) and the functional relationships between these FEs have been indicated. Since there are two
possible approaches to the allocation of call control and connection control related functionality, two alternatives are
identified: Alternative 1 with integrated call control and connection control FEs and Alternative 2 with separated call
control and connection control FEs. This results in the two functional models shown in figures 8-3 and 8-4 respectively.
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NOTE 1: There are two alternative ways of supporting triggers for mobility management (i.e. location management
or user authentication) related IN services. The triggers can be placed in either the LMF and the AMF or in
the SACF.

NOTE 2: The ARF FE has to be mapped to both the RAN and the CN subsystems, since a branch of a BS
approach link can be set up via the RAN or via the CN.

Figure 8-3: IMT-2000 functional model 1: integrated call control and connection control
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NOTE 1: There are two alternative ways of supporting triggers for mobility management (i.e. location management
or user authentication) related IN services. The triggers can be placed in either the LMF and the AMF or in
the SACF.

NOTE 2: The ARF FE has to be mapped to both the RAN and the CN subsystems, since a branch of a BS
approach link can be set up via the RAN or via the CN.

Figure 8-4: IMT-2000 functional model 2: separated call control and connection control

8.2.3 IN enhancements to support UMTS

8.2.3.1 Impact of handover on IN

Handover is a means of rerouteing a connection in-call or out of call. I.e. handover does not alter the call state or the
service but only replaces one or several consecutive connection elements with one or several other consecutive
connection elements. Many handovers can be dealt with in access networks. In this subclause, it is assumed that some
functions for some types of handover are allocated to a special SCF for handover (SCF-HO).

8.2.3.2 Triggering of IN control functions for handover

For the triggering of IN functions on the SCF-HO, three alternatives are considered:

a) Triggering from SSF (BCSM) to SCF-HO

The existing CS triggering mechanism is used. This means that for handover triggering, the trigger from the radio part of
the network must be notified to the SSF via the BCSM. The impact is that bearer related events must be modelled
somehow in the BCSM.
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b) Triggering from SSF (connection/bearer control) to SCF-HO

As handover is tied more closely to bearer control than to call control, it makes sense to separate this bearer-related
triggering from the call-related triggering. Such a 'bearer-related' relationship does not exist in the IN CS1 modelling
where no separation between call and connection control is made. Nevertheless, as studies on the integration of IN and
B-ISDN are starting now, it might be considered. It requires a separate 'connection-related' model in the SSF which can
communicate with the SCF-HO.

c) Triggering from RACF to SCF-HO

In an alternative approach, the trigger is forwarded to the SCP-HO via a RACF-to-SCF-HO relationship. It is however
necessary to have a mechanism for correlating these triggers with a specific call.

Discussion

In scenario 'a', the interaction with other IN services acting on the same call is a serious problem:

1) See also figure 8-5. The BCSM mechanism does not support parallel processing of events. For example, a UMTS
call is in the active state, i.e. two users (at least one of them mobile) are communicating. The originating user
wants to activate a specific mid-call feature/service. His prompt causes the event DP8 (O_Mid_Call). The SSF
informs the SCF and call processing is interrupted. Some milliseconds later a handover request occurs. If the call
is active this would lead to an O_Handover (for example), but in this situation the BCSM is already suspended
and the mechanism is not capable of processing the handover immediately. This is only possible after the user
request has been dealt with and the call is again in PIC5 (O_Active). This delay in handover triggering will mean
an important (and often fatal?) reduction of the quality of the UMTS call.

5. O_Active

8 x

O_Mid_Call O_Handover

Figure 8-5: A midcall event delays immediate processing of handover request

2) Furthermore, what if there is already a control relationship between SCF and SSF for this UMTS call? With the
CS1 standards, DP processing allows one control relationship at a time to prevent uncontrollable service
interactions.

Due to the problems mentioned for scenario 'a', the use of the existing BCSM triggering mechanism for triggering
handover is not feasible. Scenario 'b'. is feasible, but requires (besides the already existing relationship between SCF and
BCSM) a new relation between SCF-HO and bearer control in the network. Scenario 'c'. is feasible and only requires a
correlation between the triggering and a specific call for which the handover is required.

8.2.3.3 Execution of intra-switch handover

For the requirements for the execution of handover, different cases are distinguished, from a simple handover where
only a connection towards a new base station has to be established to the most complex handover (between different
domains), where not just a new connection has to be established but also the call control process and existing service
control processes have to be transferred.

Control bearers may be modelled as non-switched relationships. Reconfiguration of control bearers takes place in the
physical plane whether a traffic bearer connection is established or not. This reconfiguration has no impact on the
switching functions controlled by the service logic (i.e., no impact on the BCSM). It is handled by the lower layer
protocols (network layer).
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Traffic bearer handover applies only to switched call connections. It can take place at any time during call processing
(call set-up, established call, call release) and in parallel with any service processing.

In this subclause only the 'traffic bearer handover' in a switch is covered.

Handover I: Traffic bearer handover
The most simple case of handover in which IN is involved is a handover from one base station or radio access system to
another, both connected to the same SSP (see figure 8-6). This means that call control and service control remain the
same and that there is only change of connection elements used in the call.

SCP

SSP

Handover

Request

A

B B'

Figure 8-6: Bearer Handover

Requirements on IN for handover execution depend on the execution mechanism:

A) perform handover via BCSM manipulation (at a 'call control' level). Issues here are:

- the call state itself should not change because it is still the same call;

- what is the relation between the different call segments etc.;

- if triggering occurred via RACF-to-SCF-HO: which call has to be manipulated (correlation), how to
interrupt it, is there another IN service active on that call (service feature interaction)?

B) perform handover directly in 'connection/bearer control'. Since handover is a bearer related issue, an alternative
might be found in the separation of call and connection control, where the SCF-HO in case of handover interacts
with the bearer control while the call itself remains unchanged. A separate model might be required.

These two alternatives are considered in more detail in the following.

In a switch (CCF/SSF), any call in progress - whether an IN service is invoked or not - is modelled by the association of
an O- and a T-BCSM. When no service is requested no suspension DP is armed.
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Figure 8-7: Basic handover configurations

Several handover procedures could be developed; two of them which reduce the impact of traffic bearer handover on the
BCSM are described in the following.

Introduction of a dedicated handover state machine HSM

This proposal is based on the concept of call/connection separation. The principle being to keep the call context
unchanged during handover execution.

An initial bearer context Bci will be replaced by a final bearer context Bcf.

Introduction of a dedicated HSM, controlled by the HCL in the SCF-HO would enable separation of the view of the
connections for the purpose of handover processing.

The HSM provides the SCF-HO with a view of the configuration of the traffic bearer connections. The state transitions
of the HSM might be influenced by the state transition in the BCSM.

The handover request could be conveyed either by a connection associated message or by a mobility message received
via the RACF-to-SCF-HO interface.

The HSM models the configuration of the legs involved in the handover. Seamless handover could be achieved by three-
party conference techniques.

Further study is necessary to define a set of indications between the HSM and BCSM to co-ordinate call and handover
processing. Particularly, it could be necessary to halt (to place the BCSM in a wait state) during handover.

Both handovers on originating and terminating legs can be handled in the same way.
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Figure 8-8: Control of handover in alternative B
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Figure 8-9: Use of the HSM for handover

Step 1: initial configuration; (T-BCSM may not be active at the time of handover).

An HSM instance associates the Call Control BCSM and the Bearer context Bci.

Step 2: a handover request associated with Af is received by the CCF/SSF, a new Bcf instance is created.
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HSM ensures correlation and switch-over between Bci and Bcf instances.

Step 3: final configuration, HSM is associated with the new Af; Ai is released.

8.2.3.4 Execution of inter-switch handover

Inter-switch handover implies that a call control entity should be initiated in the new switch. Optimization requires that
all associations are transferred to this new entity. Another issue arises if the established connection, at a given node, is
already under the control of an IN service logic e.g. a UPT call, when a handover is necessary at this node.

Transfer of control to another node, in view of optimizing the connections, will not be always allowed nor feasible.
Tromboning could not be avoided at least as long a control relationship exists between the node and a Service
Processing Point.

One could suggest one of the following:

- initial connections in the fixed network are always maintained: generally resulting in tromboning in connections;

- tromboning is avoided when the connection is not already controlled by a service logic;

- tromboning is eliminated when service control relationship no longer exists.

8.2.3.5 State modelling for handover

8.2.3.5.1 Introduction

In this subclause a state model for handover control and one for bearer control are presented in order to define the
actions taken in the switch during handover. For the time being only inter-RACF, intra-switch handover is considered
for simplicity. This kind of handover does not require Control Point Transfer in the core network. For the models, a
separation between the Call Control and the Bearer Control is assumed. This separation could be a first step towards
IN/B-ISDN integration and also a possible way to solve handover problems, with direct control and manipulation of
bearers by means of the SCF.

8.2.3.5.2 Evolution of IN for the integration with B-ISDN

The concept of separation of Call Control (CC) and Bearer Control (BC) functions has an impact on IN, especially for
the Service Switching Function (SSF) and the Basic Call State Model (BCSM). The separation of CC and BC is also
very attractive for the support of mobility services like handover, where is needed the direct control and manipulations
of the bearer.

As far as IN is concerned, the integration of IN with B-ISDN means evolution of the SSF architecture, BCSM modelling
and the SSF-SCF interface. The simplest way to evolve towards an IN/B-ISDN integration is to take the current
modelling of the SSF (figure 8-10) and try to enhance it by adding the new functionality for the support of broadband
services. This approach implies a limited integration between IN and B-ISDN, because IN is not directly involved in the
control of the bearer connections.

In the new architecture proposed in figure 8-11 the SSF is split into two sub-entities: the SSFCC (Service Switching
Function - Call Control) processes event indications to or from the state model responsible for the CC; the SSFBC
(Service Switching Function - Bearer Control) processes event indications to or from the state model responsible for the
BC. In this way IN is more involved in the bearer connection process as it can interact directly with BC through the
SSFBC.
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Figure 8-10: Current architecture of SSF
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BC
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Figure 8-11: Proposed architecture of SSF

8.2.3.5.3 Handover State Model

Figure 8-12 shows a first proposal for an IN state model. A DP starts with an outgoing message to the SCF and ends
with an incoming message from the SCF. The message numbers from the information flow diagrams are indicated at the
left side (for intra-LE, inter-RACF handover).
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Figure 8-12: Handover state model

Handover is initiated from the state in which the bearer that will be handed over is active. It is the null PIC for the HSM.
The first transition with message 8 reflects the fact that handover is initiated from the SCF. The DP before PIC2 is
omitted because no further actions are required from the SCF. The HSM simply continues in the "bearer.reservation"
PIC. In this state the CCF interacts with the BCF to reserve the new bearer (see next subclause).

After these actions, the HSM enters DP1 where a notification is sent to the SCF (message 11) and the processing of
handover is suspended in the switch. After processing, the SCF sends a request to connect the new bearer (message 16),
and processing in the CCF is resumed in PIC3 'bearer.connecting'.

When the bearer connection is established, message 20 is sent to the SCF and CCF/BCF processing is suspended in DP2
until message 27 SwitchHOCommand (network initiated and terminal initiated HO) from the SCF is received. This
message is a request for the actual switching for handover. The necessary actions are performed in PIC4
'handover.switching'.

After the switching between old and new bearer has been completed, message 28 SwitchHOComplete is sent to the SCF.
The actual handover has been executed, but the old bearer is still connected. Message 32 ReleaseBearer (network
initiated HO) or message OldRadioLinkReleasedInd (terminal initiated HO) is the request from the SCF to release this
old bearer. When it has been released (modelled in PIC5), a notification is sent to the SCF (message 35) and the HSM
returns to 'null (bearer.active)' where only the new bearer is active.

In a next step, the regular bearer set-up and release could be added to achieve a complete state model.

8.2.3.5.4 Single Bearer State Model

This subclause presents an IN-like state model for the control of a single bearer.
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Figure 8-13: State model for single bearer control

8.2.3.6 Handover of call control and service control

For the requirements for the execution of handover, different cases are distinguished, from a simple handover where
only a connection towards a new base station has to be established to the most complex handover (between different
domains), where not just a new connection has to be established but also the call control process and existing service
control processes have to be transferred. The more complex scenarios (i.e. handover of call control and/or service
control) are discussed in this subclause.

Handover II: Call control transfer

Discussions involving the influence of handover on the call control entities centred on the possibility to control bearers
independently from the current actions in the basic call control. Further interaction involves the call control entity itself,
in the case where the control has to be transferred.

It is fairly obvious that the interrupt and transfer of the CCF entity cannot be pre-emptive. The CCF entity would be
halted in the middle of the execution. Subsequent transfer would require the moving of all state information including
variables of the "process", registers, and even program counters. This is not feasible, as it is not assured that the same
kind of processor is working in the destination node.

Instead, the interruption must be synchronized with the BCSM so that the state machine can be halted at previously
specified points. The state and other variables are then transferred and the control entity can be re-awakened at the
destination point in a consistent state. Note that this proposal requires that the state of the BCSM is completely reflected
in variables. These variables need to be transferred in a standardized way such that a BCSM can be set up and initialized
to the correct state.
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Figure 8-14: Call control handover to another SSP

Handover III: Call Control and Service Control Association Transfer

This section describes scenarios envisaged for situations in which a handover should be executed, resulting in call
transfer from one SSP to another, while an IN service is already acting on the call:

A) Direct transfer

The principle here is that the association with the SCP in the IN is aborted, after which the handover may take place.
This is only acceptable where the control relationship only existed for low priority feature support, and therefore this is
not an acceptable solution.

query other association

abort

transfer control

Figure 8-15: Direct transfer

B) Delayed transfer

An alternative is to delay the transfer and/or the handover.

Following this assumption, figure 8-16 is introduced, where the associations are being kept open until all unfinished
transactions over the existing associations are terminated. Waiting for transactions to finish can take valuable time,
delaying the handover.

query other association

receive query response

transfer control

Figure  8-16: Delayed transfer, delayed handover

In figure 8-17, the control point actually waits until the transactions are finished while the handover proceeds. Of course,
while waiting for the transactions to finish, the call control entity would not be allowed to setup or accept new
associations, which is probably not feasible.
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Figure 8-17: Delayed transfer, immediate handover

C) Association transfer

Another possibility would be to transfer the associations themselves. Figure 8-18 shows a 'pseudo association transfer'
situation, where two control points exist. This option leads to complicated interaction, especially when yet another
handover occurs and a third controlling entity is created.

query other association

start distributed control

distributed control

query result

transfer query result and 
end distributed control

Figure 8-18: Distributed control

In figure 8-19, an enhanced mechanism is shown. First, the association between the controlling point and the controlled
point is detached. From the point in time when the association is detached, messages have to be buffered until the new
association to the new controlled point is setup again. This means that the SCP remains the controlling entity, but it has
to know to which new SSP the association has to be moved, making this kind of association transfer very difficult to
implement.

.

4

3

 

4

1 query other association

detach association

transfer control

transfer/reattach association

Figure 8-19: Association transfer

However, such a mechanism could be emulated as depicted in figure 8-20. The newly set-up association would have to
identify itself to the previously held transaction, such that the latter can reply to the query via the new association.
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Figure 8-20: Emulated association transfer

In an IN, this can be done as depicted in figure 8-21. The handover request as sent by the SCP leads to a set-up message
to a new SSP, including information about the SCP, the service that was invoked and the actual call state. The new SSP
sends a trigger containing the service information to the SCP after which the control association is resumed.

SCP

SSP SSP

A

B
B'

2) Handover Request

 -ServiceId

1) Suspend service processing

5) Continue service processing

4) ReTrigger 

3) SetUp enbedded:
-Call state

-Serviceld
-SCFid

-SCFid
-Serviceld

Figure 8-21: Call control and service control association transfer

Handover IV: Call control and service control transfer

The most complex scenario is when there is not only a change of SSP, but also a new SCP is involved, e.g. because it is
an inter-network handover. The scenario depicted in figure 8-22 can be used:

SCP SCP

SSP SSP

2) Handover Request

-Serviceld
-SCFid

1) Interrupt service processing

4) ReTrigger
-SCFid

3) SetUp with embedded:
-Call state
-SCFid
-Serviceld

Figure 8-22: Call control and service control transfer
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NOTE: Although the presented scenarios for control point transfer are focused on the SSP and SCP processes, the
mechanisms can be applied more generally.

9 Application Domain
An Application Programming Interface (API) provides a well-defined set of procedures for interfacing software
applications. In this context it is noted that:

- a UMTS-Client API can be used for support of UMTS-Terminal client applications. As part of the terminal
virtual machine, it could support the Virtual Home Environment (VHE) via the Mobile Agent paradigm.
Standardization could facilitate third-party software development across terminal brands;

- a UMTS-Server API can be used for support of UMTS server applications. Standardization could facilitate third
party software development across network suppliers. The adoption within ETSI of a common UMTS-Server
API for the CTM/GSM-UMTS and other core network, would provide a basis for network-independent UMTS
applications.

UMTS-Client

API

Client

UMTS-Server

API

Server
Applications

UMTS

Core Network(s)

Terminal
Radio
Part

BS
Radio
Part

UMTS Terminal
(Application Client)

UMTS Application Domain
(Application Server)

Applications

UMTS

Figure 9-1: UMTS APIs

Proposed requirements

1) A UMTS-Client API should be specified for UMTS terminals.

2) A UMTS-Server API should be specified for the UMTS Application Domain.

The UMTS Task Force recommends the definition and use of a common UMTS-Server API.
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Annex A (normative):
Role model related material

A.1 UMTS role model (UMTS 22.01)
In ETSI, Working Group SMG1 has the responsibility for defining UMTS system and services. As a consequence, it is
responsible for the definition of the UMTS role model.

SMG1 has reached a consensus on the model described below. This role model is presented in the Technical
Specification UMTS 22.01 (version 3.0.0) [7].

A.1.1 Overview of the UMTS role model in UMTS 22.01
The role model has been developed in the following steps:

- identification of entities (e.g. persons, legal entities, or machines) involved as actors in UMTS service provision
and use;

- identification of relationships between actors involved in the provision and use of UMTS services;

- definition of roles of actors within the relationships.

A representation of the resulting role model is depicted in figure A.1.

User Network 
Operator 

Subscriber Service 
Provider 

Value Added 
Service Provider 

Subscription-Subscriber 
Profile Management 

Billing 

Delegation of 
Service Usage 

User Service Profile 
Management Delegation 

of Service 
Provision Accounting 

Usage 

Payment 

Billing 

Billing 

Payment 

Usage 

Payment 

Payment 

Payment

Figure A.1: UMTS role model (UMTS 22.01)

A.1.2 Description of roles in UMTS 22.01
Subscriber is a role in which a person or other entity has a contractual relationship with a service provider on behalf of
one or more users. A subscriber is responsible for the payment of charges due to that service provider.

User is a role in which a person or other entity authorized by a subscriber uses services subscribed to by the subscriber.

Service Provider is the role that has overall responsibility for the provision of a service or set of services to users
associated with a subscription because of the commercial agreement established with a subscriber (the subscription
relationship). Service provision is the result of network operator and service provider service capabilities combining.
The subscriber profile is maintained by the service provider.
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NOTE: The definition of the service provider does not prevent the actor playing the role to delegate service
profile and service management function to another actor, such as a network operator, which then acts on
behalf of the service provider.

Network Operator is the role that combines service provider service capabilities to its own service capabilities to
enable users to use services. The network operator provides capabilities to enable users to obtain services in either
public and/or private environments (business or residential and possibly via unlicensed spectrum). It may be appropriate
to subdivide the network operator function and interfaces may need to be identified; however such subdivisions do not
appear to have any implications from a subscriber service perspective. The actor that plays the network operator role
may use the radio access function provided by another actor, for example a satellite access operator.

Value Added Service Provider provides services other than basic telecommunications service (e.g. content provision
or upper layer capabilities) for which additional charges may be incurred. These may be billed directly to the subscriber
or user, or may be billed via the subscriber's service provider.

As bilateral agreements between a large number of Network Operators and Service Providers would be impractical,
some methods of establishment of roaming relationships are currently being studied within SMG1. These methods are
likely to include a new role called a "Roaming Broker".

A.1.3 Relationships in the provision and use of UMTS services
The following paragraphs briefly describe the relationships identified:

Subscription is a contractual relationship (i.e. basically a commercial) between two actors, one in the role of subscriber,
the other in the role of service provider. It defines, amongst others things, the services subscribed to, the tariffs that will
be applied and the services and rights delegated to the subscriber's users for each subscriber. After subscription, the
subscriber profile may be modified by the subscriber through the subscriber profile management relationship.

Delegation of service usage is a relationship between two actors, one in the role of subscriber, the other in the role of
user, in which the subscriber authorizes the use of (a part of) the telecommunication services subscribed to.

User service profile management is a relationship between two actors, one in the role of user, the other in the role of
service provider, devoted to modification of user service profile parameters that the user has access to.

Usage of a telecommunication service in respect of subscription profile involves two actors, one in the role of user, the
other in the role of network operator, the latter providing a particular instance of the required service through a
combination of both service provider and network operator service capabilities.

Accounting for the usage of telecommunication services in the simplest case, is a relationship between two actors, one
in the role of network operator, the other in the role of service provider; the first one notifies the latter on the use of
telecommunication services by the users of the service provider's subscribers. This leads to account settlement. The
accounting relationship is a prerequisite to billing.

Billing  for the usage of a telecommunication service is a transaction between the two actors involved in the subscription
relationship where the subscriber receives notification (bill) of the monetary counterpart of the use of telecommunication
services by its users. This leads to bill settlement. Only the service provider can establish the bills by associating user
accounting data with the responsible subscriber (thanks to its commercial data base).

Usage is a relationship between two actors, one in the role of Value Added Service Provider, the other in the role of
Network Operator, the former using basic telecommunication services provided by the latter.

A.1.4 Hybrid role models
SMG1-UMTS has issued a liaison "Response to NA6 LS ref Role Models of SMG1-UMTS and MoU 3GIG" which
addresses the mapping of the "GSM MoU TG.25 Role Model for UMTS Roaming" onto the role model contained in
UMTS 22.01 [7].
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Home Mobility Provider

Regarding the Home Mobility Provider, the liaison notes "The concept of a Home Mobility Provider role as defined in
TG.25 does not exist in 22.01. The functionality of this role is seen to be part of either the Service Provider role or the
Network Operator role as defined in 22.01. SMG1 UMTS does not see the need for the home network mobility to be
provided by a separate role and intends to clarify 22.01 to define where the Home Mobility function will reside."

The two possibilities foreseen by SMG1-UMTS are:

- the Home Mobility function is resident in the Service Provider (Home Service Provider);

- the Home Mobility function is resident in the Network Operator (Home Network Operator).

Case 1: Home Service Provider

This is the case where the Home Mobility function is resident in the Service Provider. SMG1-UMTS has provided a
diagram (figure A.2) illustrating this possibility.

Advantages of Home Service Provider Approach

UMTS mobility can be offered by an organization that does not own a network. This will be useful in regulatory
environments where the Network Operator is not allowed to offer UMTS subscriptions.

Case2 : Home Network Operator

This is the case where the Home Mobility function is resident in the Network Operator as commonly found today in
CTM/GSM (figure A.3).

Advantages of Home Network Operator Approach

A Network Operator is able to offer UMTS subscriptions. This will be useful in regulatory environments where the
Network Operator is allowed to offer UMTS subscriptions. In addition, the evolution from today's systems is supported.
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Figure A.2: Home Service Provider
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Figure A.3: Home Network Operator

It should be noted that the reference point r1 is the subject of a work item recently started in NA6.

Support of multiple Service Providers

UMTS will be more attractive commercially if a subscriber is able to receive customized services from many service
providers. A work item in ETSI has recently started to standardize the Service Provider - Network Operator interface,
and this interface could be used to provide services through a Home Network operator (figure A.4).
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Figure A.4: UMTS Home Network Operator Resells Services from Two Service Providers
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Conclusions

In some situations there are reasons for the Home Mobility function to be resident in the Service Provider (Home
Service Provider), and in other situations there are reasons for it to be resident in the Network Operator (Home Network
Operator). SMG1 considers this issue to be outside of its scope.

Any proposed solution should be able to support current commercial arrangements and should preferably offer more
commercial flexibility than today. To achieve this goal, it should be possible to combine the Home Mobility function
with the Network Operator role (Home Network Operator) and it should also be possible to combine it with the Service
provider role (Home Service Provider).

Figure A.5: A Hybrid Role Model

It has been noted that as bilateral agreements between a large number of Network Operators and Service Providers
would be impractical, some methods of establishment of roaming relationships are currently studied within SMG1.
These methods are likely to include a new role called a "Roaming Broker".

A.1.5 Observations
It can be noticed that the SMG Role Model in UMTS 22.01 [7] does not make a distinction between the Service
Provider and the Mobility Provider Role.

- Further clarification may be required regarding the distinction between the functions of a Service Provider and
those of a Mobility Provider.

- It should be ensured that schemes that involve many roles deliver solutions that are able to meet the expectations
of security, performance, etc.

- Adding new roles may imply the definition and standardization of additional interface requirements. It also leads
to consideration of new accounting procedures between the different roles where these are justified by
commercial need. The economic necessity for such a separation needs to be studied.

Service Provider

Roaming Broker

Network Operator
Network Operator

USER
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A.2 VHE scenarios based on UMTS 22.01

A.2.1 Subscriber registration procedure in the case where the
Home Mobility function resides in the Service Provider role

A.2.1.1 Subscriber registration without Roaming Broker (RB) involved

A RB is useful to facilitate roaming in a situation where many SPs and NOs exist. Nevertheless, even in this situation
some SPs may have direct roaming agreements with some NOs, as this would simplify the procedures, allowing reduced
signalling overhead; faster and less expensive procedures.

The following scenario is introduced to illustrate how subscriber registration may be performed in the case where the SP
and the NO have a direct roaming agreement.

This model assumes that no RB is used.

The required relationships are shown in figure A.6, and the associated signalling messages are illustrated in figure A.7.

Network Operator

Subscriber

Roaming Contract

Service Provider

other Contractual Relationship

Figure A.6: Required relationships for scenario in figure A.7
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Figure A.7: Subscriber registration without an RB involved

NO SP NO old

3. Remove Old Subscriber Reg. (IMSI, S)

1. Subscriber Reg. (IMSI, NO_id, S)

Acknowledge

2. Subscriber Reg. resp (IMSI, VHE_applets)

r1 r2

Home Mobility
Function
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Explanation

1) A registration request is sent from the NO to the SP. An earlier Location Registration has taken place and a
TMTI is already assigned to the terminal. The Subscriber Identifier (IMSI) from the USIM, and the requested
service class (S), are included in the Subscriber Registration message.

2) The SP returns the service logic (programmes) and data required to support the VHE to the NO.

3) Housekeeping is carried out to delete the old Subscriber registration for this class of service. In this case, a direct
relation exists between the SP and the old NO. No RB is required.

A.2.1.2 Subscriber registration involving a Roaming Broker (RB)

This case of subscriber registration occur when neither the old NO nor the new NO have a direct roaming relationship
with the SP, and when the two NOs are accessed via different RB.

The required relationships are shown in figure A.8, and the associated signalling messages are illustrated in figure A.9.

Network Operator

Roaming

Broker

Subscriber

Roaming Contract

Service Provider

other Contractual Relationship

Figure A.8: Required relationships for scenario in figure A.9
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The nature of the subscriptions (mobility and/or service) is for further study.

Figure A.9: Subscriber registration involving an RB

NO RB RB old NO oldSP

5. Remove Old Subscriber Reg. (IMSI, S)

1. Subscriber Reg. (IMSI, NO_id, S)

2. Subscriber Reg. (IMSI, RB_id, S) (see note)

6. Remove Old Sub. Reg. (IMSI, S)

Acknowledge

Acknowledge

3. Subscriber Reg. resp (IMSI, VHE_applets)

4. Subscriber Reg. resp (IMSI, VHE_applets)

r1 r2

r3

r4

NOTE: Additional parameters may be required for legal reasons.

Home Mobility
Function
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Explanation

1) The registration request is sent from the NO to the RB. An earlier Location Registration has taken place and a
TMTI is already assigned to the terminal. The Subscriber Identifier (IMSI) from the USIM, and the requested
service class (S), are included in the Subscriber Registration message.

2) The message is forwarded from the RB to the SP.

3) The SP returns the service logic (programmes) and data required to support the VHE to the RB.

4) The RB forwards the response to the NO.

5) Housekeeping is carried out to delete the old Subscriber registration for this class of service. It is assumed that no
direct relation exists between the SP and the old NO, and an RB is required (note the old RB may be different
from the new RB).

6) The housekeeping request is forwarded by the old RB to the old NO.

A.2.2 Subscriber registration procedure in the case where the
Home Mobility function resides in the Network Operator role

A.2.2.1 Subscriber registration without Roaming Broker (RB) involved

A Roaming Broker (RB) is useful to facilitate roaming in a situation where many SPs and NOs exist. Nevertheless, even
in this situation some SP may have direct roaming agreements with some NOs, as this would simplify the procedures,
allowing reduced signalling overhead; faster and less expensive procedures.

The following scenario illustrates how subscriber registration may be performed in the case where two Network
Operators have a direct roaming agreement.

The required relationships are shown in figure A.10, and the associated signalling messages are illustrated in
figure A.11.

Network Operator

Subscriber

Roaming Contract

Network Operator

other Contractual Relationship

Figure A.10: Required relationships for scenario in figure A.11
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Figure A.11: Subscriber registration without an RB involved

NO NO NO old

3. Remove Old Subscriber Reg. (IMSI, S)

1. Subscriber Reg. (IMSI, NO_id, S)

Acknowledge

2. Subscriber Reg. resp (IMSI, VHE_applets)

r1 r2

Home Mobility
Function
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Explanation

A registration request is sent from the Network Operator to the Network Operator where the Home Mobility function is
resident. An earlier Location Registration has taken place and a TMTI is already assigned to the terminal. The
Subscriber Identifier (IMSI) from the USIM, and the requested service class (S), are included in the Subscriber
Registration message.

1) The Network Operator where the Home Mobility function is resident returns the service logic (programme) and
data required to support the VHE to the originating Network Operator.

2) Housekeeping is carried out to delete the old subscriber registration for this class of service. In this case, a direct
relation exists between the Network Operator where the Home Mobility function is resident and the old Network
Operator. No RB is required.

A.2.2.2 Subscriber registration involving a Roaming Broker (RB)

This case of Subscriber Registration occurs when neither the old Network Operator nor the new Network Operator have
a direct roaming relationship with the Network Operator where the Home Mobility function resides, and both are
accessed via different Roaming Brokers.

The required relationships are shown in figure A.12, and the associated signalling messages are illustrated in
figure A.13.

Network Operator

Roaming

Broker

Subscriber

Roaming Contract

Network Operator

other Contractual Relationship

Figure A.12: Required relationships for scenario in figure A.13
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The nature of the subscriptions (mobility and/or service) is for further study.

Figure A.13: Subscriber registration involving a Roaming Broker (RB)

NO RB RB old NO oldNO

5. Remove Old Subscriber Reg. (IMSI, S)

1. Subscriber Reg. (IMSI, NOv_id, S)

2. Subscriber Reg. (IMSI, RB_id, S) (see note)

6. Remove Old Sub. Reg.  (IMSI, S)

Acknowledge

Acknowledge

3. Subscriber Reg. resp (IMSI, VHE_applets)

4. Subscriber Reg. resp (IMSI, VHE_applets)

r1 r2

r3

r4

NOTE: Additional parameters may be required for legal reasons.

Home Mobility
Function
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Explanation

1) The registration request is sent from the Network Operator to the RB. An earlier Location Registration has taken
place and a TMTI is already assigned to the terminal. The Subscriber Identifier (IMSI) from the USIM, and the
requested service class (S), are included in the Subscriber Registration message.

2) The message is forwarded from the RB to the Network Operator where the Home Mobility function resides.

3) The Network Operator where the Home Mobility function resides returns the service logic (programme) and data
required to support the VHE to the RB.

4) The RB forwards the response to the originating Network Operator.

5) Housekeeping is carried out to delete the old Subscriber registration for this class of service. It is assumed that no
direct relation exists between the Network Operator where the Home Mobility function resides and the old
Network Operator, and a RB is required (note the old RB may be different from the new RB).

6) The housekeeping request is forwarded by the old RB to the old Network Operator.

This subclause presents the existing VHE scenarios, as defined in subclause 6.2.

It shows the signalling needed for VHE between the UMTS actors defined in UMTS 22.01 [7].

Ia

 II

Switching and
Triggering

Service
Provider

Home  Logic Distribution

 II

Ia

III

Service Logic Retrieval

Relay Home service

III

Processing Function

Network
Operator

Data
Function

Processing
Function

Ib

Ib

Actual Home Service

Shared Service Control

Direct Home Command

V

IV

Ia

Ib

 II

III

IV

V

Subscriber SP’s call control
element

Figure A.14: The existing Service Transportability Scenarios

The Network Operator is composed of two main parts:

1) the Switching and Triggering part; and

2) the Processing Function.

The Service Provider is composed of a Data Function and a Processing Function. As noted in subclause 6.2, when object
modelling techniques are employed, this separation of processing and data may not occur.

The scenarios are as described in subclause 6.2.
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A.3 VHE scenarios based on GSM MoU TG.25

A.3.1 Location registration procedure

A.3.1.1 Location registration involving a SNMP and RB

This case of Location Registration only occurs when:

1) There is NO contractual relationship between the SN and the HMP.

2) There is NO roaming relation between the SNMP and the HMP.

3) There is a contractual relationship between the SN and the SNMP.

4) There is a roaming relation between the RB and the SNMP and a roaming relation between the RB and the HMP.

5) There is a contractual relationship between the HMP and the SP.

6) There is NO contractual relationship between the SN in which the previous Subscriber (or Location) Registration
took place and the HMP.

7) There is NO roaming relationship between the SNMP associated with the previous Subscriber (or Location)
Registration and the HMP.

8) A different RB supported the previous Subscriber (Location) Registration.

This scenario necessitates the extensive signalling between the roles to allow the subscriber to be supported. It is a
scenario, in which all roles must co-operate to provide a service, but only one RB is required. The required relationships
are shown in figure A.15, and the associated signalling messages are illustrated in figure A.16.

Servin g Network

Serving Network

Roamin g

Broker

Home

Mobilit y
Provider

Subscriber

Roaming Contract

Service Provider
Mobilit y Provider

other Contractual Relationship

Figure A.15: Required relationships for scenario in figure A.16
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r5

SN SNMP RB HMP RB old SNMP old

SP

9. Remove Old Subscriber Reg. (IMSI, S)

1. Location Reg. (IMSI, LAI, S, TC )

2. Subscriber Reg. (IMSI, SNMP_id, S)

3. Subscriber Reg. (IMSI, RB_id, S) (see note)

4. Subscriber Reg. (IMSI, HMP_id, S)

5. Subscriber Reg. resp (IMSI, VHE_applets)

10. Remove Old Sub. Reg. (IMSI, S)

Acknowledge

Acknowledge

6. Subscriber Reg. resp (IMSI, VHE_applets)

7. Subscriber Reg. resp (IMSI, VHE_applets)

8. Location Reg. resp (TMSI, TMTI, VHE_applets)

r1
r2 r3

r4

r6

NOTE: Additional parameters may be required for legal reasons.

The nature of the subscriptions (mobility and/or service) is for further study.

Figure A.16: Location registration involving an SNMP and RB
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A.3.1.1.1 Explanation of Location Registration involving an SNMP and RB

1) At r1, the message is sent from the SN to the SNMP because there is no direct relationship between the SN and
the HMP. As there is no permanent identifier assigned to the terminal, a temporary identifier must be assigned to
the terminal for the duration of the registration (the terminal looses the temporary identifier when the last user on
the terminal deregisters). The subscriber identifier (IMSI) from the USIM, the current location area (LAI), the
requested service/Service Provider (S), and the terminal capabilities (TC) are included in the Location
Registration message.

2) At r2, the message is relayed to the RB as there is no direct relationship between the SNMP and the HMP.

3) At r3, the message is sent from the RB to the HMP.

4) At r4, the message is sent to the appropriate SP. Note that in the case of multiple SPs, the HMP can use the
requested service/Service Provider identifier (S) and the IMSI as a discriminator.

5) At r4, the SP returns the service logic (programs) and data required to support the VHE to the HMP.

6) At r3, the HMP forwards the response to the RB.

7) At r2, the RB forwards the response to the SNMP.

8) At r1, the SNMP forwards the response to the SN. This includes the temporary identifier which has been assigned
to the terminal (TMTI) and the temporary identifier assigned to the user (TMSI).

9) At r5, housekeeping is carried out to delete the old Subscriber registration for this service. The general case is
assumed, where no direct relation exists between the HMP and the old SNMP or SN), and a RB is required (note
the old RB may be different from the current RB).

10)At r6, the housekeeping request is forwarded by the old RB to the old SNMP.

It should be noted that there may be alternative approaches where the TMSI is assigned by the HMP during
authentication of the USIM.

A.3.1.2 Location Registration (simple case)

A simple case of Location Registration only occurs when:

1) There is a contractual relationship between the SN and the HMP.

2) The previous Subscriber (Location) Registration did not involve a RB or a SNMP.

3) There is a contractual relationship between the HMP and the SP.

This scenario requires minimal signalling. The required relationships are shown in figure A.17 and the associated
signalling messages are illustrated in the figure A.18.
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Home

Mobilit y
Provider

Subscriber

Service Provider

Contractual Relationship

Serving Network

Figure A.17: Required relationships for scenario in figure A.18
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Figure A.18: Location Registration (simple case)

SN HMP

SP

1. Location Reg. (IMSI, LAI, S, TC)

2. Subscriber Reg. (IMSI, HMP_id, S)

3. Subscriber Reg. resp (IMSI, VHE_applets)

4. Location Reg. resp (TMSI, TMTI, VHE_applets)

r7 r4
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A.3.1.2.1 Explanation of Location Registration (simple case)

1) At r7, the message is sent from the SN to the HMP because there is a direct relation between the SN and the HMP.

2) At r4, the message is sent to the appropriate SP. Note that in the case of multiple SPs, the HMP can use the 
requested service/Service Provider identifier (S) and the IMSI as a discriminator.

3) At r4, the SP returns the service logic (program) and data required to support the VHE, to the HMP.

4) At r7, the assigned TMTI, TMSI and the service logic (program) and data required to support the VHE, are sent to 
the SN.

A.3.1.3 Combining roles

In everyday commercial practice, multiple roles will tend to be combined in one organization. This will allow signalling
overhead to be reduced and economies of scale to be achieved, with potential benefits to subscribers. At the same time,
the fact that open interfaces are available will facilitate service expansion. For example, HMP and SP may be combined
in one organization, and in this case the interface specification at r4 may not be required. However, if the need arises to
increase the available services, then communication with an external SP can be achieved through standardized interfaces
and the service resold.

The following scenario is introduced to illustrate how a GSM-like commercial model of the kind commonly found today
can be supported in the future UMTS environment. This model assumes:

1) No RB is used.

2) The SN and SNMP roles are combined in a "Visited Network".

3) The SN, HMP and SP roles are combined in a "Home Network".

The associated signalling is shown in figure A.19.
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Figure A.19: Combining roles

SNMP / SNvisited HMP / SNhome SNMPold  / SNold

3. Remove Old Subscriber Reg. (IMSI, S)

1. Location  Reg. (IMSI, SN/SNMP_id,LAI, S, TC )

Acknowledge

2. Location Reg. resp (TMSI, TMTI, VHE_applets)

r r

"Visited Network"
"Home Network" Old "Visited Network"
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A.3.2 Subscriber Registration procedure

A.3.2.1 Subscriber Registration involving a SNMP and RB

This case of Subscriber Registration only occurs when:

1) There is NO contractual relationship between the SN and the HMP.

2) There is NO roaming relation between the SNMP and the HMP.

3) There is a contractual relationship between the SN and the SNMP.

4) There is a roaming relation between the RB and the SNMP and a roaming relation between the RB and the HMP.

5) There is a contractual relationship between the HMP and the SP.

6) There is NO contractual relationship between the SN in which the previous Subscriber (or Location) Registration
took place and the HMP.

7) There is NO contractual relationship between the SNMP associated with the previous Subscriber (or Location)
Registration and the HMP.

8) A different RB supported the previous Subscriber (Location) Registration.

This scenario necessitates extensive signalling between the roles to allow the subscriber to be supported. It is a scenario,
in which all roles must co-operate to provide a service, but only one RB is required. It relates to the GSM MoU PRD
TG.25 Scenario 3 for Location Registration and to Scenario 3 for support of the Virtual Home Environment (Local
Support by Shadowing Home Services). The required relationships are shown in figure A.20, and the associated
signalling messages are illustrated in figure A.21.

Servin g Network

Serving Network

Roamin g

Broker

Home
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Provider
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Roaming Contract

Service Provider
Mobilit y Provider

other Contractual Relationship

Figure A.20: Required relationships for scenario in figure A.21
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SN SNMP RB HMP RB old SNMP old

SP

9. Remove Old Subscriber Reg. (IMSI, S)

1. Subscriber Reg. (IMSI, TMTI, S)

2. Subscriber Reg. (IMSI, SNMP_id, S)

3. Subscriber Reg. (IMSI, RB_id, S) (see note)

4. Subscriber Reg. (IMSI, HMP_id, S)

5. Subscriber Reg. resp (IMSI, VHE_applets)

10. Remove Old Sub. Reg. (IMSI, S)

Acknowledge

Acknowledge

6. Subscriber Reg. resp (IMSI, VHE_applets)

7. Subscriber Reg. resp (IMSI, VHE_applets)

8. Subscriber Reg. resp (TMSI, VHE_applets)

r1
r2

r4

r5

r6

r3

NOTE: Additional parameters may be required for legal reasons.

The nature of the subscription (mobility and/or service ) is for further study.

Figure A.21: Subscriber Registration involving an SNMP and RB
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A.3.2.1.1 Explanation of Subscriber Registration involving an SNMP and RB

1) At r1, the message is sent from the SN to the SNMP because there is no direct relationship between the SN and the 
HMP. By the requirements for Subscriber Registration, an earlier Location Registration has taken place and a TMTI 
is already assigned to the terminal. The terminal identifier (TMTI), the Subscriber identifier (IMSI) from the USIM, 
and the requested service class (S), is included in the Subscriber Registration message.

2) At r2, the message is relayed to the RB as there is no direct relationship between the SNMP and the HMP.

3) At r3, the message is sent from the RB to the HMP.

4) At r4, the message is sent to the appropriate SP. Note that in the case of multiple SPs, the HMP can uses the service 
class (S) and the IMSI as a discriminator.

5) At r4, the SP returns the service logic (programs) and data required to support the VHE to the HMP.

6) At r3, the HMP forwards the response to the RB.

7) At r2, the RB forwards the response to the SNMP.

8) At r1, the SNMP forwards the response to the SN.

9) At r5, housekeeping is carried out to delete the old Subscriber registration for this class of service. The general case 
is assumed, where no direct relation exists between the HMP and the old SNMP or SN), and a RB is required (note 
the old RB may be different from the current RB).

10)At r6, the housekeeping request is forwarded by the old RB to the old SNMP.

It should be noted that there may be alternative approaches where the TMSI is assigned by the HMP during
authentication of the USIM.

A.3.2.2 Subscriber Registration (Simple Case)

A simple case of Subscriber Registration only occurs when:

1) There is a contractual relationship between the SN and the HMP.

2) The previous Subscriber (Location) Registration did not involve a RB or a SNMP.

3) There is a contractual relationship between the HMP and the SP.

This scenario requires minimal signalling. The required relationships are shown in figure A.22 and the associated
signalling messages are illustrated in figure A.23.
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Mobility
Provider

Subscriber

Service Provider

Contractual Relationship

Serving Network

Figure A.22: Required relationships for scenario in figure A.23
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Figure A.23: Subscriber Registration (simple case)

SN HMP

SP

1. Subscriber Reg. (IMSI, TMTI, S)

2. Subscriber Reg. (IMSI, HMP_id, S)

3. Subscriber Reg. resp (IMSI, VHE_applets)

4. Subscriber Reg. resp (TMSI, VHE_applets)

r7 r4
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A.3.2.2.1 Explanation of Subscriber Registration (simple case)

1) At r7, the message is sent from the SN to the HMP because there is a direct relation between the SN and the HMP.

2) At r4, the message is sent to the appropriate SP. Note that in the case of multiple SP's, the HMP can use the service 
class (S) and the IMSI as a discriminator.

3) At r4, the SP returns the service logic (programs) and data required to support the VHE, to the HMP.

4) At r7, the assigned TMSI and the service logic (programs) and data required to support the VHE, are sent to the SN.

A.3.2.3 Combining roles

In everyday commercial practice, multiple roles will tend to be combined in one organization. This will allow signalling
overhead to be reduced and economies of scale to be achieved, with potential benefits to subscribers. At the same time,
the fact that open interfaces are available will facilitate service expansion. For example, HMP and SP may be combined
in one organization, and in this case the interface specification at r4 may not be required. However, if the need arises to
increase the available services, then communication with an external SP can be achieved through standardized interfaces
and the service resold.

The following scenario is introduced to illustrate how a GSM-like commercial model of the kind commonly found today
can be supported in the future UMTS environment. This model assumes:

1) No RB is used.

2) The SN and SNMP roles are combined.

3) The HMP and SP roles are combined.

The associated signalling is shown in figure A.24.
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Figure A.24: Combining roles

SN / SNMP HMP/ SP SN/ SNMP old

3. Remove Old Subscriber Reg. (IMSI, S)
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A.4 Service provision scenarios based on GSM MoU
TG.25

A.4.1 The roaming role model
The essential features of the roaming role model are contained in GSM MoU TG 25.

A.4.2 Requirements and assumptions
The following requirements have been identified for the application of the GSM MoU TG.25 Roaming Role Model for
UMTS to a Multi-Service Provider environment:

- the UMTS Mobility Management Role player should be capable of interfacing to many Service Providers;

- the Services offered by those Service Providers have to be delivered to the UMTS user in the way specified by
the user's contractual agreement with each service provider.

Network architectures and information flows should be developed that are consistent with these requirements.

A.4.3 Generic information flows
This subclause describes generic information flows for the implementation of advanced UMTS services in a
Multi-Service Provider environment.
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A.4.3.1 Information flows for incoming call attempt with call screening
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Figure A.25: Incoming call presentation with call screening
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A.4.3.2 Information flows for terminal busy condition
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Figure A.26: Incoming call presentation with terminal busy condition

A.4.4 Conclusions
The previous example shows a strong need for the Mobility Provider to be able to decide on Service Provider actions in
a way that is consequential on call state. There obviously needs to be a close coupling between the call state machine
and the Mobility Provider. This mechanism and how this is applied to Service Provider selection needs further study.
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