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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x
the first digit:
1
presented to TSG for information;

2
presented to TSG for approval;
3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction
In the past, most operators within a country or a regional area deployed just a single network/system; consequently most users got service from a single system/network. Therefore, it was enough for user’s terminal to have single system capability, as serving operators only provided a single system. In addition, due to low demand for getting service from multiple systems, there was no need for consideration of terminals supporting multiple systems. For example, users within a GSM coverage area could easily get service anywhere through roaming agreements between operators. 

However, as home operators deploy multiple systems, for example, both GSM and cdma systems, the users’ demands on services provided from multiple systems across regional area are growing. In addition, users want to use their own terminals when they are served from any system or in any area. User’s terminals should support multiple systems to satisfy users’ demands. 
Considering the terminal capabilities to support multiple systems including 3GPP system capabilities, a terminal could have capabilities which are not consistent with the network operation of 3GPP system. This is because each system on the terminal has its own capability to operate (e.g. a system selection or network selection, etc). Therefore, in order to avoid the behaviours not following 3GPP system operation, it is important to clarify the behaviours of a terminal having 3GPP system capability as one of its capabilities. In this document, systems are divided into 3GPP system and non-3GPP systems and a terminal which supports both 3GPP system and non-3GPP systems is designated as a multi system terminal.
In the future it is likely that operators will operate both 3GPP and 3GPP2 systems either through choice or merger/acquisition. Therefore it is likely that the market for multi system terminals will increase. 
There may be cases where operators have different systems in the same geographic area. There may also be cases where operators use different systems in different regions.
1
Scope

For the purposes of this feasibility study, the non-3GPP systems that have been considered in detail are 3GPP2 and non-interworked WLAN connected to the internet.
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.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TS 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 22.011: "Service accessibility".
3
Definitions and abbreviations
3.1
Definitions

Multi system terminals: Terminal which supports both the 3GPP system and non-3GPP system(s)
Non-3GPP system: Mobile telecommunications system with specifications which are outside the control or influence of 3GPP.
3GPP system: MAP core network and the following access networks – GSM/EDGE, WCDMA (UTRA-FDD), TD-CDMA (3.84 & 7.68 Mcps UTRA-TDD), TD-SCDMA (1.28 Mcps UTRA-TDD), E-UTRA, I-WLAN.
3GPP2 system: IS41 core network and cdma access network (e.g. IS95, cdma2000 1x, etc).

3.2
Abbreviations
For the purposes of the present document, the following abbreviations apply:

PRL
Preferred Roaming List
SSUT
Systems Supported by User’s Terminal
GAIT
GSM/ANSI-136 Interoperability
4
Use cases of multi system terminals
4.1
Common characteristics

· 3GPP and non-3GPP system(s) in the same terminal. 

Benefit to the user

Increased coverage area

Can use one terminal for both systems.
4.2
Case 1 - Manual switching
· The user manually selects mode.
· Separate 3GPP and non-3GPP identities (e.g. USIM and R-UIM).
· When in 3GPP system, terminal does not scan non-3GPP systems and vice versa.

4.3
Case 2 - Automatic switching with an overlay function

· When in 3GPP system, terminal scans non-3GPP systems and vice versa.
· Terminal does not suspend operation on a system while it scans for the other (i.e. dual transceivers).
· Scanning information is passed to an overlay function which decides if to change system.
4.4
Case 3 - Extending the selection method of one system to another
· The 3GPP network selection mechanism could be extended to non-3GPP networks.
· Non 3GPP system information could be contained in the 3GPP Preferred PLMN List.

Note1:
Significant work would be needed in 3GPP and GSM-A to allow non-3GPP network information to be contained in the PLMN list. However, one implementation specific solution may be for a dummy entry “switch to PRL” to be placed in the preferred PLMN list.



· The 3GPP2 network selection mechanism could be extended to non-3GPP2 networks.
· GSM/W-CDMA information could be contained in the 3GPP2 PRL.

Note2:
Work is being done in 3GPP2 on this method.


4.5
Case 4 – Multiple systems operational simultaneously
· User can access the internet directly via WLAN while the terminal is connected to the cellular network at the same time.
Note1:
While connected to the 3GPP network, the terminal will follow 3GPP specifications.


· 3GPP and 3GPP2 parts of the terminal may be active at the same time (e.g. for different applications).
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5
Implications resulting from the use cases
5.1
General

Handover between systems will require modifications to 3GPP specifications.
GERAN specifications have fields defined for GERAN to cdma2000 handover.
5.2
System / network selection

For some scenarios, close co-operation with the non-3GPP standards organization is required.

3GPP specifications should provide minimum set of rules that every overlay function shall follow when switching from or to 3GPP systems (some rules already included in TS 22.011). 

·  [

· 3GPP specifications may provide means for the operator to set system preferences (FFS)]
· 
· 
· 3GPP specification should reuse existing specifications where feasible (e.g. 3GPP SIM toolkit, OMA device management,3GPP2 PRL).
· Having switched to a different system, it should be possible to switch back to the original system.
5.3
Interworking aspects
In current deployments of multi system terminals there is a subscription for each system (e.g. on a SIM and R-UIM).

There may be a use case where the subscriber would be able to roam between 3GPP and 3GPP2 systems with either a single USIM or R-UIM (similar to GAIT). There would be a MAP-ANSI-41 interworking function. This may be worth further study in the future, particularly as there may be convergence in core networks.
5.4
MMI aspects

A user should be able to configure the multi system terminal to any one system manually.
One possible implementation will enable users to easily select a network without having to make a two-tier selection (system then network). 

No additional standardization is needed for MMI.
5.5
Charging aspects

The charging mechanisms associated with each system will be used.
Handover between systems may require a review of charging specs (anchor principle).
5.6
Security aspects

The security mechanisms associated with each system will be used.
6
Multi-system deployment issues
The system selection method should take account of the following.

6.1
Perennial roaming 

The case may arise, that when outside the home country, the terminal has to choose between the home network in a different system and a visited network in the same system. For example a UK customer, whose home network is a 3GPP network, travelling to the US could (hypothetically) find his home network on a 3GPP2 system. There would also be visited 3GPP networks. Whereas some services may work better if the terminal stays on a 3GPP network (i.e. perennial roaming) because there is no transcoding, the operator will want to maintain the terminal on the home network.

6.2
Target time to select system

The time taken to do network and system selection may be longer than it already is for a single system terminal. The risk of losing paging messages may increase. 
7.
Conclusion

New requirements in 3GPP specifications may be needed for multi system terminals.
Close co-operation with the non-3GPP standards organizations would be needed for case 3.
Editor’s Note:
To include a brief summary of the implications of each use case.



Annex <A>: Considerations for multi system terminals
A.1
Subscription
There are two kinds of subscription from a user’s logical perspective: single subscription to an operator and multiple subscriptions to multiple operators.

In a single subscription a user subscribes only to a single operator and can use all of her/his SSUT. A single subscription can be divided two cases. 
· An operator deploys several systems including supported systems of a user’s terminal. 

· An operator deploys one of the SSUT’s and has a roaming agreement with other operator(s) deploying the other SSUTs. 

In multiple subscriptions a user selects the operators for each SSUT by herself/himself. A selected operator for a system could deploy other SSUTs or not.
▶ Concerns and impacts
· A single subscription: Each system of each operator has different authentication and data storage methods, thus a method to interwork with each other is required.

· Multiple subscriptions: who is the “home operator”?
· Multiple subscriptions: In case operator A belongs to a country different from operator B, is it possible for a user to subscribe to both operators? 

· Multiple subscriptions: Is it possible to get a confirmation from each country?
A.2
Usage of subscriber identification

The non-3GPP system(s) can use various ways for storing/managing user related information but it should not affect 3GPP-compliant behaviour.
A.3
System / network selection and switching

The overlay function is supposed to make decisions on when to switch from one system (e.g. 3GPP) to another system (e.g. 3GPP2). 
Leaving system selection unspecified is likely to lead to differing system selection behaviour and parameter update methods in terminals of different vendors. Similarly this may lead to differences between different mobile operator implementations.
▶ Concerns
· Cannot impose rules on other systems
Operators that do not operate multi system networks themselves may have interest in setting network and system selection related parameters e.g. to subscribers using multi system terminals when roaming abroad in other operators' networks. Standardised means for setting network and system selection parameters may be needed to keep this option open. The minimum requirement is to have some default behaviour rules defined in case no more detailed preferences have been set, but also more detailed specifications providing ability to steer the system selection may be developed.
▶ Concerns
· User experience is important. Terminal should use most suitable access for application (e.g. PS for internet access) – cost concerns relevant. 

· Must have possibility to return to other systems.

· Trade-off between always select home network and use most suitable system.

Services provided by the home operator will most likely work better when the terminal roams in networks of the same system that the home operator has (e.g. SS, SMS, MMS, LCS, IMS, PoC). Therefore the home operator may be interested in preferring that system. Specifying either parameters or default behaviour rules would satisfy this need.

The basic assumption is that the home operator should have leading role in defining preferences between networks (PLMNs). In some cases this may mean changing the system, e.g. when home network is found in another system. This case could be handled by defining default behaviour (e.g. "always select home network") or detailed multi system preference lists. Manual selection shall of course also be always possible (in both directions).
New methods for setting and updating the system selection parameters should not require new heavy machinery since for many operators setting these parameters may not be a central part of their business. Therefore mechanisms that reuse the already existing mechanisms (e.g. SIM toolkit, OMA device management) should be preferred.
▶ Concerns
· 3GPP2 PRL (PLMN list of 3GPP2) is another example.

· Update and setting of system parameters is duty of the operator. 

The current requirements in TS 22.011 on system selection are not yet detailed enough to guarantee uniform and acceptable behaviour of multi system terminals in all situations.
In order to guarantee sufficient control of the behaviour of the multi system terminals 3GPP should standardise. 

· Minimum requirements for system selection behaviour (some rules already included in TS 22.011). but also one or more of the following.

· A set of rules that define default system selection behaviour (e.g. "always select home network", "do background scan")
· A set of parameters for the system selection
· A method for updating the parameters
· A lot of co-operation with the other system may be needed to define rules and parameters.
Editor’s Note: The Work Item, “Behaviour of Multi System UEs” is the list of building blocks under the Work Item “Review of Network Selection Principles”. See S1-050256.
A.3.1
 System / network selection

System selection could be divided into 3 cases similar to ‘Network selection’ of 3GPP TS 22.011: switch-on or recovery from lack of coverage of a system, user reselection and background scan.
▶ Concerns and impacts
· Multi system preference lists should be considered.

A.3.1.1
Switch-on or recovery from lack of coverage of a system/network

User/operator/terminal preferential selection should be possible.

A.3.1.2
User reselection
User/operator/terminal preferential selection should be possible.

A.3.1.3
Background scan
Background scan is when a terminal in 3GPP system mode finds non-3GPP system capability. The background scan could be allowable or not, and if allowable, there are two ways to scan: automatic and manual. Automatic scan searches other SSUTs automatically, and manual scan searches the other system if a user manually specifies the action. A terminal can notice its coverage in various ways (E.g. A terminal displays ‘No Service’.). 

NOTE: Roaming agreements between operators is reflected to the system list resulting from a system scan.

It must be noted that automatic or manual scan depends on a stakeholder (operator/manufacturer/user). In case a user subscribes to a single operator deploying the other system(s) in the same area, it is acceptable to operators to allow the automatic scan, because after the search the terminal is also served by the same operator (E.g. Some operator in Korea). An operator could select the manual scan even if a user has a single subscription because of power consumption etc. In case a user subscribes to multiple operators, an automatic scan could cause some controversial issues. (E.g. especially in case of 2, operator A does not have a roaming agreement with operator B.) In this case the operators would not accept an automatic scan or conditionally accepts an automatic scan.
Unless some further requirements on network priorities are specified, there will be cases when the mobile stays in visited network even though the home network would be available in the other system. The multi system mobile does not need to perform background scan or switch to another system even if a home or preferred network is found, as long as any visited network is available in the selected system. These problems may occur if there is no requirement to consider not only the system selection, but also the inter-system network selection. Background scan of home (or preferred) networks could be required, in the same style as background scan is required today within the 3GPP system. Background scan should naturally be done in both directions.
· This is higher than use case 2.

· What is done with background scan information? 

· Requirement for co-operation between specifications of the systems.
· Can mobile do this background scan under current 3GPP specification? i.e. any background scan must not interrupt the behaviour of the terminal or affect the currently selected system.
When a terminal scans systems it should avoid a “ping-pong” situation. 
A.3.2
System / network switching 

A terminal switches from a system in use to another system. 
Two methods are possible, the first method is to terminate the system currently being used completely and to start the other system (called “knife switching”), as such a connected call is terminated. The other method is to transfer to the other system such that after a terminal achieves the signal of the other system it terminates the one currently being used. That is, the latter has a simultaneous connection to both systems. This is commonly known as “soft-switching”.
▶ Concerns and impacts

· Conditions of vertical handoff should be considered. 
A.4
Integration

Integration is about coupling depth between the SSUTs, which means hardware configuration of a multi system terminal. There could be two kinds of coupling depth: no integration and integration. 
▶ Concerns and impacts

· Integration level could affect boot-up time of the system which is related to a connectivity of a connected call.
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