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6 Requirements for Handover from UMTS to GSM

6.1 Operational Requirements

6.1.2 GSM bands

The standard shall support handover to any combination of GSM bands supported by the GSM standards.




6.2 Performance Requirements

The following service principles apply to performance requirements:

- when the UE performs handover to GSM then the service requirements of GSM that relate to handover between
different cellsin different location areas is taken as the benchmark. It is not the intention to setmore stringent
service requirements for UMTS to GSM handover than are already commonly accepted for handover within
GSM.

6.2.1 Detection Time of Potential GSM Handover Candidates

Means shall be defined which allow the UE to achieve as good detection time performance asthe GSM benchmark: ie
to behave in such away as to detect potential GSM handover candidates as quickly asa GSM mobile performing an
intra GSM handover is required to do so.

6.2.2 Number of GSM handover candidates to detect

Means shall be available which allow UE to detect an equal nhumber of GSM handover candidates relative to the GSM
benchmark, ie to behave in such away as to detect as many potential GSM handover candidates asa GSM mobile
performing an intra GSM handover is required to do so.

6.2.3 Probability of Connection Loss

The service requirement is that it should be possible to hand over to GSM from UM TS with a probability of connection
loss that fulfils the corresponding service requirement for intra GSM handover.

6.2.4  Temporary degradation of service caused by handover

The service requirement is that means should be defined so that it is possible to construct networks comprising GSM
and UTRA radio resources in such away that the duration and extent of any degradation of service during handover
from UMTSto GSM is no worse than during intra GSM handover.

6.3 Specific Requirements for Individual Services from UMTS to
GSM

6.3.1 Speech

Handover of a UMTS Speech channel to GSM shall result in a GSM speech teleservice connection. This requirement
also applies to emergency calls:

- any call based on the default UM TS speech codec shall be mapped to the FR GSM speech codec. In the case the
terminal and the GSM network support AMR and /or EFR and/or HR, it shall be the operators choice to define

the appropriate mapping.

Means shall be defined which make it possible to limit any temporary degradation on handover so it meetsthe
performance specified by GSM service requirements for speech handover.

6.3.2 Short Message Service
There are no requi rements rel ated to handover for short message service. Handevepdeeeee%pp%e%hssemeesﬂee




6.3.3 Cell Broadcast

There are no requirements related to handover for cell broadcast.

6.3.4 USSD

The technical standards shall provide means to ensure that any handover that occurs during a USSD interaction need no
more affect the service than intraaGSM handover.

6.3.5 Facsimile

It is not required that a facsimile transmission that is active between UE and network at the time of handover from
UMTSto GSM completes successfully.

6.3.6 Data Bearer Services

Standards shall be defined to permit the possibility of handover of a UMTS connection oriented data bearer serviceto
GSM which shall result in an appropriate GSM/GPRS bearer service. The mapping between UMTS data bearer services
and appropriate GSM/GPRS data bearer services will depend upon many factors such as datarate, delay constraints,
error rate etc. Means shall be provided for the application to indicate minimum acceptable QoS for service continuation
after handover.

Means shall be defined (eg existing GSM flow control mechanisms) which make it possible to limit any temporary
degradation on handover so it meets the performance specified by GSM service requirements for connection oriented
data bearer service handover.

It isrequired to handover a user context between GPRS and UMTS . Independently of the used air interface, the user
shall stay connected to an external network (internet, intranet).

6.3.7 GSM-Supplementary Services

Control and use of Supplementary Services to be according to GSM or UMTS standard as applicable at the time,
athough close synergy between these should be encouraged to ensure that handover has no effect on their correct
operation or continuity of service.

Where a GSM supplementary servicesis supported in UMTS then the technical standards should alow handover to
GSM to have no effect, at least where the GSM and UMTS networks have the same network operator.

6.4 Requirements on multiple bearer services handover from
UMTS to GSM

Consideration must be given to multimedia services which may involve multiple bearer services. The mapping between
UMTS data bearer services and GSM/GPRS bearer services will depend upon many factors such as data rate, delay
constraints, error rate etc.. Means shall be provided for the application(s) to indicate minimum acceptable QoS for
services continuation after handover. In the event certain UM TS bearer services cannot be handed over to GSM/GPRS,
the handover of some of the bearers to maintain the service should not be precluded.



7 Requirements for Handover from GSM to UMTS

7.1 Operational Requirements

7.1.2 GSM bands

The standard shall support handover from any combl nation of GSM bands supported bv the GSM standards Fhe

7.2 Performance Requirements

The technical standards should ensure that it is possible to handover from GSM to UMTS in such away that temporary
degradations are no worse than GSM to GSM handovers.

7.3 Specific Requirements for Individual Service Handover from
GSM to UMTS

7.3.1 Speech

AMR, EFR, FR and HR calls shall be mapped to the default UM TS speech codec.

7.3.23 Short Mmessage _Service

There are no requi rements rel aIed to handover for short meseaqe serV| ce. Neeemeeuen%mamtamedw%hm%he%m

7.3.34 Cell Broadcast

There are no requirements related to handover for cell broadcast.

7.3.45 USSD

In GSM, USSD is a connection mode tel eservice according to the definition above: in USSD the association between
endpointsis called a'transaction’ (see GSM 03.90). In GSM, USSD transaction from the UE can terminate at the local
MSC, the VLR or the HLR. It is not required to standardise means to handover into UMTS of transactions with the local
MSC. The need to standardise handover of transactions with the VLR and HLR is for further study.

7.3.56 Facsimile

Itis not required that a facsimile transmission that is active between UE and network at the time of handover from GSM
to UMTS compl etes successfully.

7.3.67 Cireuitswitched-GSM-Data Bearer_Services

7.3.6.1 Circuit Switched Data

Note: the requirements in this section should not delay the release 99 standardisation process and may need review.



Standards shall be defined to permit the possibility of handover of a GSM circuit switched data bearer to UMTS which
shall result in a UMTS connection oriented data bearer service . Means shall be provided for the application to indicate
minimum acceptable QoS for service continuation after handover. If this cannot be provided by theUMTS network
handover will not take place (which may result in call loss once the UE moves outside GSM coverage).

Means shall be defined which make it possible to limit any temporary degradation on handover so it meetsthe
performance specified by GSM service requirements for circuit switched data handover.

7.3.6.27 Packet Switched Data-Services

It isrequired to handover a user context between GPRS and UMTS . Independently of the used radio interface, the user
shall stay connected to an external network (internet, intranet). Any change in the QoS shall be seen at the service access
points as a network initiated renegotiation of QoS. If the supported QoS is not acceptable, the MS may terminate the
connection/context.

Means shall be defined which make it possible to limit any temporary degradation on handover so it meetsthe
performance specified by GSM service requirements for packet switched data handover.

7.3.78 Supplementary services

Where a GSM supplementary servicesis supported in the target UMTS network then the technical standards should
allow handover from GSM to UM TS to have no effect on that service, at least where the GSM and UMTS networks
have the same network operator.
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1% Editorial Change

1 Scope

The scope of this document includes service requirements for handover (terms are defined below) within UMTS systems
and between UMTS, other IMT-2000 family members and 2™ generation systems. Particular emphasis has been placed
on the description of requirements for handover between UMTS and GSM but requirements specific to other systems
are incorporated as required.

UMTS isa"third generation" mobile cellular radio telecommunications system which provides telecommunication and
information services to wireless terminals. Mobile cellular systems have the defining characteristic that they are capable
of maintaining continuity of service to awirelesstermina as it moves between the radio coverage area, or "cells',
associated with different base station sites . This functionality is called "handover". Handover can aso occur due to
change of radio resource providing a service without necessarily any change of the base stations involved. In particular,
when the radio resources providing a service change from one of the UTRA radio access modes to the other (UTRA-
FDD and UTRA-TDD), thisisregarded as handover.

It isakey requirement of UM TS that it allows for dual_or multi-mode (eg UMTS/GSM) terminal s to handover traffic
from UMTS to other radio systems such as GSM and visa versa. This document describes the service requirements for
intra- and inter- system handover that shall be used by other SMG STCs to guide the implementation of UMTS-to-(eg)
GSM handover specifications. It defines requirements for the enhancement of the GSM specificationsto allow GSM-to-
UMTS handover.

The following subject areas are within the scope of these service requirements:
- user perceived performance that may be influenced by handover;
- operational requirements relating to handover;
- security requirements.
The requirements set forth in this document are service reguirements, in that they fulfil the following:
- therequirements are independent of the implementation of the URAN;

- the extent to which the requirements are met are in principle verifiable using observables that are not internal
to the URAN.

1.1 Situations in which Service Requirements apply

The service requirements in this document are as far as possible independent of the implementation of the UTRA. They
therefore apply to situations where handover would occur regardless of how the UTRA isimplemented. Situations
envisaged are;

- handover within UMTS due to change of radio resource caused by UE movement between areas covered by
different transmitters;

- handover within UM TS due to change of UTRA radio access mode;
- handover due to change of radio system (eg UMTS to GSM).

It is possible that handover (ie change of radio resource) will occur in other situations, for example the technical
implementation of the URAN may necessitate it or O& M procedures initiated by the operator may forceit.
Requirements for these situations are not within the scope of this document, with the exception of two remarks:

- where the technical implementation of the URAN necessitates handover as a matter of normal operation (i.e. not
related to the above situations), then services shall in no way be degraded or adversely affected,;

- the service requirements for handover occurring in situations such as O& M activity are outside the scope of this
document.




2" Editorial Change

3.1 Definitions

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

Connection mode (for a bearer service): characterizes the type of association between two endpoints as required by
the bearer service for the transfer of information. A bearer serviceis either connection-oriented or connectionless. In a
connection oriented mode, alogical association called connection needs to be established between the source and the
destination entities before information can be exchanged between them. Connection oriented bearer serviceslifetimeis
the period of time between the establishment and the release of the connection.

Connectionless (for a bearer service): In aconnectionless bearer, no connection is established beforehand between the
source and the destination entities ; the source and destination network addresses need to be specified in each message.
Transferred information cannot be guaranteed of ordered delivery. Connectionless bearer services lifetimeis reduced to
the transport of one message.

GSM coverage: an areawhere mobile cellular services are provided in accordance with GSM standards
UMTS cover age: an area where mobile cellular services are provided in accordance with UMTS standards.

Multi mode terminal: UE that can obtain service from at least one UTRA radio access mode-ef-UMTS, and one or
more different systems such as GSM bands or possibly other radio systems such IMT-2000 family members.

Handover: The process in which the radio access network changes the radio transmitters or radio access mode or radio

system changing-the-networkradio-resources that-are-used to provide the bearer servicesfor-activeconnection-mede
teleserviee., while maintaining a defined bearer service QoS.

Intra PL M Nnetwork-handover : Handover within the same radie-network, ie having the sasme MCC-MNC regardless
of radio access system. Note: this includes the case of UMTS <>GSM handover where MCC-MNC are the same in both
Cases.

Inter PLM N network-handover : Handover between different PLM Nsradio-retweorks, ie having different MCC-MNGC;
. ctive it withi _ —_—

Inter system handover: Handover between networks using different radio-systems techrologies, eg. UMTS — GSM.

UTRA Radio access mode: the selected UTRA radio access modeie UTRA-FDD;UTRA-TDD.

Radio system: the selected 2™ or 3" generation radio access technology, eg UMTS or GSM.




3" Editorial Change

4.2 General Operational Considerations

4.2.1 Coverage environment

M echanisms defined to support handover between UMTS and other radio systems (such as etherUMIFS-medes-other
IMT 2000 family members, or GSM) or UTRA radio access modes should effectively cope with a number of coverage
scenarios:

- limited UMTS coveragein a'sea of coverage provided by another radio system or UTRA radio access mode, or
vice-versa;

- selective operation at a geographical boundary, with extensive UMTS coverage on one side and extensive
coverage from another radio system on the other side;

- geographically co-located areas of UMTS coverage and ancther radio system.

However the standards should impose no restrictions or assumptions on how an operator might deploy or operate the
network in both GSM and UMTS.

4.2.2 Inter Operator-PLMN Handover Issues

Handovers between ; al
feature to implement. It is enw&aged thaI handover Would take place due to changl ng radio conditions caused eg by
movement of the terminal causing it toleave the coverage area of a-networkPLMN.

The following networks may be involved with an inter-PL M Nnetweork handover procedure. These concepts are
illustrated in Annex A:

- theuser's home network, i.e. the operator where the user’ s subscription may be found;

- theuser'svisited network where the subscriber user is currently registered, i.e. the network where the subscriber
user has performed the last successful update location procedure. Aslong as the subscriber user isroaming
roams within the home network, home and visited network are identical.

- the user's serving network covering the cell that serves the subscriber. After successful completion of the update
location update procedure, the serving network isidentical with the visited network. After an inter-
PL M Nnetwork handover, the visited network is different from the serving network until alocation update
procedure has been successfully completed (excepted the case that the subscriber returnsinto the visited
network).

- thetarget network covering candidate target cell(s) for inter-PL M Nnetwork-handover. The target network has
overlapping radio coverage with the serving network but not necessarily with the visited network.

The minimum requirements for inter PL M Nnebwork-HO are:

- continuity of an active call across the handover procedure, where this would be possible for intra-PLM Neperator
handover;

- charging, billing and accounting for inter-PL M Nnetwork handover should be according to the principles defined
in UMTS 22.15. For R'99 the mechanisms currently used in GSM should be provided as a minimum (charging
for handover leg is based on vistited network tariff, etc., settlement between operators is based on bulk metering,
etc.);

- the ability to check with the home network whether the user is permitted to handover from the visited network to
atarget network;

- the decision whether the handover request is accepted must be taken by the target network;

- invocation of the handover procedure only occursif the target network provides the radio channel type required




for the respective call;

- the avoidance of "network hopping", i.e. successive handover procedures between neighbouring networks for the
same call;

- thepossibility of user notification of inter PLMNnetweork HO (eg possible tariff change) when it occurs.

4.2.3 Charging and Network Management

Means shall be standardised which allow charging records to record the time of handover in the case of inter
PL M Nnetwork-operator handover. Charging records must be able to reflect the level of service, eperation UTRA radio
access mode (eg-—FBb-erFBDB)-and network type after handover.

A capability to provide network management information relating to frequency of occurrence and type of handover
should be defined.



4™ Editorial Change

51 Handover due to UE Movement

It should be possible to provide atechnical implementation of handover such that there is no measurable impact on the
quality of any service when handover due to UE movement occurs. This does not imply that all UMTS handovers will
achieve thisideal. However, the standards shall define at least one UTRA radio access mode in which thisis possible
given the following:

- UE speed stays within limits for given service;

- UE stays constantly within UMTS coverage of asingle UTRAN.

52 Handover Between UMFS-UTRA Radio Access Modes

The standards shall permit a technical implementation of handover between radio access modesin-which-servicets
continued, although there may be atemporary degradati on which-may-affect-of QoS on bearer teleservices at the time of
handover.




5™ Editorial Change

Annex A (informative):
lllustration of elements in inter-PLMNeoperater handover

Figure 1 illustrates the above definitions taking an example of European GSM networks. The subscriber's home network
is France. The visited network where the subscriber is registered in aVLR is Germany. The signalling connection
between HLR and VLR isindicated by dotted lines. The calls for the subscriber are controlled by the MSC collocated to
the VLR where the subscriber is registered. ThisMSC is called "anchor MSC".

Handover to a different MSC may occur if the cell serving the subscriber after handover is not controlled by the anchor
MSC. ThisMSC is called the "serving MSC" .Even after the call has been handed over to a different MSC, the call
control function remains in the anchor MSC. The signalling connection and circuit switched connection established
between anchor MSC and serving MSC are indicated by asolid line.

When the French subscriber registered in a German network roams near the border to the Netherlands, inter-
PLMNnetwork handover may occur. In this case a Dutch network is the target network. After handover, the anchor
MSC located in a German network continues to control the call. The German network remains the visited network where
the subscriber is registered. The subscriber's location information stored in the HLR remains unchanged. The signalling
and circuit switched connections between the anchor MSC and the previously serving MSC in theGerman network will
be released when the Mobile Station (MS) is served by a cell within a Dutch network. The Dutch network becomes the
serving network. From the Dutch network the subscriber may be handed over to a Belgian network.
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4.2.2 Inter Operator Handover Issues

Handovers between GSM and UMTS networks operated by different operators should remain an optional feature to
implement. It is envisaged that handover would take place due to changing radio conditions caused eg by movement of
the terminal causing it toleave the coverage area of a network.

The following networks may be involved with an inter-network handover procedure. These concepts areillustrated in
Annex A:

the user’ s home network, i.e. the operator where the user’ s subscription may be found;

the user’ s visited network where the subscriber user is currently registered, i.e. the network where the subscriber
user has performed the last successful update location procedure. Aslong as the subscriber user is roaming
roams within the home network, home and visited network are identical.

the user's serving network covering the cell that serves the subscriber. After successful completion of the update
location update procedure, the serving network is identical with the visited network. After an inter-network
handover, the visited network is different from the serving network until alocation update procedure has been
successfully completed (excepted the case that the subscriber returns into the visited network).

the target network covering candidate target cell(s) for inter-network handover. The target network has
overlapping radio coverage with the serving network but not necessarily with the visited network.

The minimum requirements for inter network HO are:

continuity of an active call across the handover procedure, where this would be possible for intra-operator
handover;

charging, billing and accounting for inter-network handover should be according to the principles defined in
UMTS 22.15. For R'99 the mechanisms currently used in GSM should be provided as a minimum (charging for
handover leg is based on vistited network tariff, etc., settlement between operators is based on bulk metering,
etc.);

the ability to check with the home network whether the user is permitted to handover from the visited network to
atarget network;

the decision whether the handover request is accepted must be taken by the target network;

invocation of the handover procedure only occurs if the target network provides the radio channel type required
for the respective call;

the avoidance of "network hopping”, i.e. successive handover procedures between neighbouring networks for the
same call;

the possibility of user notification of inter network HO (eg possible tariff change) when it occurs.

For R99 there can only be one target PLMN for HO in addition to the serving PLMN for R99 in a given geographical

area
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7.4 Requirements on multiple bearer services handover from
GSM to UMTS

Consideration must be given to multimedia services which may involve the use of multiple bearer services. For example
Class A GPRS terminals will be capable of simultaneously supporting more than one data bearer services. The mapping
between GSM/GPRS data-bearer services and UMTS bearer services will depend upon many factors such as data rate,
delay constraints, error rate etc. Means shall be previded-defined to allow handover of severa data bearer services from
GSM to UMTS. Means shall be defined provided-for the application(s) to indicate minimum acceptable QoS for
services continuation after handover.
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1% Change [Text deleted, in preparation for move to new section 8]

5 Requirements for Handover from UMTS to UMTS

51 Handover due to UE Movement

It should be possible to provide atechnical implementation of handover such that there is no measurable impact on the
quality of any service when handover due to UE movement occurs. This does not imply that all UMTS handovers will
achieve thisideal. However, the standards shall define at least one UTRA mode in which thisis possible given the
following:

- UE speed stays within limits for given service;

- UE stays constantly within UMTS coverage of asingle UTRAN.

52 Handover Between UMTS Modes

The standards shall permit atechnical implementation in which service is continued, although there may be atemporary
degradation which may affect teleservices at the time of handover.

54 UMTS cell capacity

Consideration must be given services such as multimedia which may involve use of multiple bearers. Due for exampleto
cell loading, it may happen that atarget cell cannot support the combination of bearer services provided by the current
serving cell. Means shall be provided for the application(s) to indicate minimum acceptable QoS for services
continuation after handover. Although all UMTS bearer services may not be handed over, the handover to another
UMTS cell should not be precluded.
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2" Change [addition of a new section 8 in the normative text, incorporating
text from 5.3, discussion of cross phase compatibility and future
requirement for 'Subscriber Inter-PLMN handover preference’ |

8 Cross Phase Compatibility for R99

This section detail s the cross phase compatibililty requirements relating to the service requirements in this document.

Note: when a change is introduced which affects the UMTS technical standards, it is said to be 'backward compatibl€e' if
existing equi pment can continue to operate and perform correctly with equipment that conforms to the new

implemenation.

8.1 Compatiblity With Existing Standards

There are no earlier releases of the UMTS standards for which backward compatibility is required.

Where the service and operational requirements in this document relate to a GSM PLMN, compatibility is required with
GSM systems conforming to the R99 GSM standard.

8.2 Compatibility With Future UMTS Standards

It is envisaged that UMTS will evolve beyond R99, for example with the addition of new service requirements. The
standards which define the technical implementation of R99 should be developed in such away that it is practical to add
the requirements in this section in a backward compatible manner.

8.2.1 Handover Between Environments

UMTS is expected to provide coverage in a number of environments including fixed and mobile as described in the
table below. The technical standards should not preclude the possiblity of implementing these requirementsin a
backward compatible manner.

To Terrestrial Cellular Fixed/Cordless Satellite
From
Terrestrial Cellular Yes (R99) Yes Yes
Fixed/Cordless Yes Yes Yes
Satellite Yes Yes No

8.2.2 Subscriber Inter-PLMN handover Preference

The standards shall not preclude the backward compatible introduction of technical means which enable inter-PLMN
handover based on subscriber’s preferred PLMN. A situation isillustrated in Annex A which explains the background to
this service reguirement. Since this requirement is motivated by particular circumstances which may not exist in every
PLMN, its implementation within a given PLMN should be optional.
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3" Change [lllustration of 'Subscriber Inter-PLMN handover preference’ in
non-normative annex]

Annex A (informative):
lllustration of elements in inter-operator handover

Figure 1 illustrates the above definitions taking an example of European GSM networks. The subscriber's home network
is France. The visited network where the subscriber isregistered in aVLR is Germany. The signalling connection
between HLR and VLR isindicated by dotted lines. The calls for the subscriber are controlled by the MSC collocated to
the VLR where the subscriber is registered. ThisMSC is called "anchor MSC".

Handover to a different MSC may occur if the cell serving the subscriber after handover is not controlled by the anchor
MSC. ThisMSC is called the "serving MSC".Even after the call has been handed over to a different MSC, the call
control function remains in the anchor MSC. The signalling connection and circuit switched connection established
between anchor MSC and serving MSC are indicated by a solid line.

When the French subscriber registered in a German network roams near the border to the Netherlands, inter-network
handover may occur. In this case a Dutch network is the target network. After handover, the anchor MSC located in a
German network continues to control the call. The German network remains the visited network where the subscriber is
registered. The subscriber's location information stored in the HL R remains unchanged. The signalling and circuit
switched connections between the anchor MSC and the previously serving MSC in theGerman network will be released
when the Mobile Station (MS) is served by a cell within a Dutch network. The Dutch network becomes the serving
network. From the Dutch network the subscriber may be handed over to a Belgian network.

Belgium

-
Gateway

= MSC
//
’

France

Fig. 1: Example for Inter-PLMN handover Q

Figure 1: Example for inter-PLMN handover

A.l Subscriber Inter-PLMN handover Preference

If a French subscriber within the L uxembourg network moves toward the German and French borders and a handover is
desired, he should preferrably be handed over to his home PLMN (i.e., the French network). Note that in this same
scenario a L uxembourg subscriber may prefer to be handed over to (eg) the German network. This illustrates the service
requirement for subscriber preference on inter-PLMN handover.
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