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Intellectual Property Rights

Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project, Technical Report Group Terminals.

The contents of this TR may be subject to continuing work within the 3GPP and may change following formal TSG approval. Should the TSG modify the contents of this TR, it will be re-released with an identifying change of release date and an increase in version number as follows:

Version m.t.e

where:

m
indicates [major version number]

x
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

y
the third digit is incremented when editorial only changes have been incorporated into the specification.

Introduction

When UMTS is launched the coverage will be very limited in many areas while several second-generation systems will have a very wide coverage. To make UMTS useful for a wide range of users from the start, multi-mode terminals, combining e.g. second-generation systems with UMTS, are necessary. In the longer term, combinations with other systems, such as HiperLAN could also be interesting and convenient. This technical report describes all relevant issues concerning multi-mode terminals from a service and a terminal point of view.

1
Scope

The purpose of this 3GPP Technical Report is to describe work done on multi-mode related issues and to identify areas that need additional treatment to facilitate efficient multi-mode usage. The report outlines definitions specifically important for usage of multi-mode terminals and scenarios describing the concept. The report refers, as far as possible, to existing specifications/reports or to specifications/reports being produced in 3GPP or within other relevant foras.

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]
3G TS 22.135: “Multicall, Stage 1”
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions apply.

Access network: 

Active: a multi-mode terminal is active when a session is ongoing. That can be a CS or PC connection

Band: describes what frequency band/bands are used by the terminal, see also Multi bandwhen a sertain radio technology is used but on different frequencies

Camping on a cell: A terminal is camping on a cell when the terminal is able to listen to paging messages from the network in the specific cell.

Core network: 

Identity: 

Mode: when a certain radio technology is used to access the network

Multi-call: a function that makes it possible for a terminal to have several CS and PS-connections/calls active at the same time. For further description, please refer to [1]

Multi band: when a certain type of radio technology/radio interface is used in different frequency bands
Subscription: 

3.2
Symbols

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

<symbol>
<Explanation>

3.3
Abbreviations

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

PS
Packet Switched
CS
Circuit Switched
4
General Aspects

A Multi-mode Terminal for UMTS and GSM/GPRS or other 2nd generations systems is considered to be a terminal with at least one UMTS part (FDD and/or TDD) and one part with some 2nd generation system, e.g. GSM and/or GPRS, that is controlled by a common Interworking Unit which also controls one common MMI (keypad, display and menu functions). A reference configuration for Multi-mode terminals is shown in figure 1.


MMI: Man-Machine Interface

Figure 1: Reference configuration for Multi-mode terminals

Some parts in the terminal, such as the microphone and the loudspeaker, could be reused by both the UMTS and 2nd generation parts or could be implemented separately. Integration of some RF parts is also foreseen.

This report will mainly deal with the interworking between UMTS and 2nd generation systems, mostly GSM/GPRS, as much standardisation work considering the connection between these two systems is already done.
4.1 Terminal types

In different situations, it is feasible to study the services considering different types of terminals. From a user and operator/service provider perspective it is also important that different types of terminals exist so that customers can be offered a great variety of services through the terminals.

4.1.1
Type I

This type of terminal can be described as two or more terminals merged together into one shell. The MMI for the different modes are the same but no other functions are shared between the different modes of the terminal. This also implies that the terminal can camp on one cell and be active in only one mode at the same time. Switching between modes is done automatically. With this type of terminal it is not possible to have seamless handover between modes/systems.
With this type of terminal it could be possible to just use one RF-part to the different modes/systems.
4.1.2
Type II

Type II terminals can camp on different cells in several modes/systems at the same time but active communication is only possible in on mode/system. The camping could be done either simultaneously or virtually simultaneously. When in active communication, only pagings in the active mode can reach the terminal. The terminal can also be registered in several modes at the same time (may be applied when the systems/modes are belonging to different operators/service providers). The switching between modes is done automatically.
With this type of terminal it could be possible to use just one or several RF-parts for the different modes/systems.
4.1.3
Type III

Terminals of type III can camp on cells in several modes at the same time and also be in active communication in several modes at the same time. No switching between modes is necessary.
With this type of terminal several RF-parts must be used for the different modes/systems.
4.2
Scenarios

This section is thought to provide with some scenarios describing the usage and behaviour of multi-mode terminals in special situations from a technical and service point of view. These scenarios will then be the guideline when over-viewing the work and identifying additional work.

4.2.1
UMTS complemented with 2nd generation system from the same operator

This scenario describes the case when an operator operates an UMTS-network as islands in a sea of this operator’s own 2nd generation network. The user has virtually just one number, which means that the different systems may have different numbers internally but only one number is shown to the subscriber, to all access networks and can be paged through this number in all systems.

4.2.1.1
Power on

The terminal shall search for all available modes. The result of the search will be sent to the HLR or corresponding entity. All available cells in this area will be stored in the HLR so that this information can be used for other terminals camping in the same area. An example of when this information can be used is when a terminal is coming into this area and camping on a cell with lots of traffic and the operator wants to direct the user from the congested system/mode to another.
The choice of access network should be made according to a priority list or according to in which mode the terminal was registered in last time.

The terminal shall register through the access network chosen. This registration will also apply for the other access system and when a location update is made for one system it can apply for the other as well.

4.2.1.2 Incoming call/connection

4.2.1.2.1 Terminal type I

4.2.1.2.1.1 Idle mode

If the terminal is in the right mode for receiving the connection, the connection can be set up. If the terminal is in an other mode than the incoming connection (e.g. the terminal is in the 2nd generation mode but the incoming connection is a videoconference) the network should, if possible, be capable of recognising this situation. In situation in which the network can indicate this, the information should be send to the terminal. If the network is not capable to do this, it should indicate to the calling party, that the connection could not be set up, because the called party is not in the right mode.

If the network is able to indicate an incoming call on a different mode, it should send this information to the terminal. This information should be given to the called party. In situation where both modes are available, this information could be used to change the mode to set up the connection.


4.2.1.2.1.2 Active mode
As this type of terminal is just able to receive pagings and be in active communication in one mode at the same time, it would sometimes be desirable to page the terminal through the active mode about an incoming connection in another mode. This could for example be the case if the terminal is active in a PS-connection (e.g. webb-surfing in UTRAN) and the incoming connection is a CS-connection in another mode (e.g. a speech call in GSM). 
For other situations, e.g. the terminal is active in one mode in UTRAN and the incoming call is coming in this mode, the normal procedure for this mode/system shall apply. For UTRAN multicall may for example be applied. [1]
Active CS-connection

If the incoming connection is a CS-connection in the mode for the active communication, there will be a busy signal or the user may have chosen to get a paging message about the connection. 

If the incoming connection is a CS-connection in another mode than the active, there will be message that the user can not be reached.

If the incoming connection is a PS-connection in the mode for the active communication, the terminal will be paged and informed about this connection and the user can choose to set the active connection on hold or terminate it and instead set up the new connection. If multicall is possible, both connections can be active at the same time. 

If the incoming connection is a PS-connection in another mode than the active and there is a possibility that the mode for the incoming connection is available for the terminal, the terminal can be paged in the active mode. If the user chooses to receive the connection, the terminal shall de-register in the active mode and search for the desired mode. 

Active PS-connection

If the incoming connection is a CS-connection in the mode for the active communication, the PS-connection might be set on a hold to set up the CS-connection. This should be decided by the user.

If the incoming call is a PS-connection this should be paged to the terminal. There might be situations when the user wants the incoming connection instead of the active, e.g. if the user is surfing the Internet and the incoming connection is a videoconference.

4.2.1.2.2 Terminal type II

4.2.1.2.2.1 Idle mode

The connection can be set up.

4.2.1.2.2.2 Active mode

When this type of terminal is in active communication, the only mode/system from which pagings can be received is in the active one. This implies that for an incoming connection the same situation as for terminal type I apply.
Active CS-connection

If the incoming connection is a CS-connection in the mode for the active communication, there will be a busy signal or the user may have chosen to get a paging message about the connection. 

If the incoming connection is a CS-connection in another mode than the active, this will be informed to the terminal. 

If the incoming connection is a PS-connection in the mode for the active communication, the terminal will be paged and informed about this connection and the user can choose to set the active connection on hold or terminate it and instead set up the new connection. If multicall is possible, both connections can be active at the same time. 

If the incoming connection is a PS-connection in another mode than the active and the mode for the incoming connection is available for the terminal (the terminal has been camping on a cell in this mode), the terminal can be paged about the connection in the active mode. If the user chooses to receive the connection, the terminal shall disconnect the active connection, change mode and set up the new connection. 

Active PS-connection

If the incoming connection is a CS-connection in the mode for the active communication, the terminal will be paged in this mode and the active connection can be put on a hold or terminated to be able to set up the CS-connection.

If the incoming connection is a CS-connection in another mode than the active, same criteria as for the situation with incoming call in the same mode will apply.

If the incoming connection is a PS-connection in the mode for the active communication, the terminal will be paged and informed about this connection and the user can choose to set the active connection on hold or terminate it and instead set up the new connection. 

If the incoming connection is a PS-connection in another mode than the active and the mode for the incoming connection is available for the terminal (the terminal has been camping on a cell in this mode), the terminal can be paged about the connection in the active mode. If the user chooses to receive the connection, the terminal shall disconnect the active connection, change mode and set up the new connection. 

4.2.1.2.3 Terminal type III

4.2.1.2.3.1 Idle mode

The connection can be set up.

4.2.1.2.3.2 Active mode

In this case, almost anything is possible. In most cases the incoming connection can be set up at once, but there might be some exceptions. One of them is when the incoming connection is in the same mode/system as the active connection and the active mode/system not is able to deal with several active connections at the same time (an example when this is possible is for multicall in UMTS). Then one of the connections may be re-routed to another mode/system so that both connections can be active at the same time.
Active CS-connection

If the incoming connection is a CS-connection in the mode for the active communication the connection may be re-routed to another mode by the network, according to the user’s and/or operators/service provider’s preferences.

If the incoming connection is a CS-connection in another mode than the active, the connection may be set up, if the user can handle two connections at the same time (multicall, just applicable for the UTRAN case).

If the incoming connection is a PS-connection in the active mode, it has to be re-routed to another mode. If no other appropriate modes are available for the terminal at the moment, a message may be sent to the calling party that the user is unreachable at the moment. The terminal can also be paged and choose to put the active connection on a hold or terminate it to be able to receive the incoming connection.

If the incoming connection is a PS-connection in another mode than the active, and that mode is available for the terminal, the connection can be set up.

Active PS-connection

If the incoming connection is in the same mode as the active communication, it has to be re-routed, unless not multicall is used. If re-routing is not possible since no other mode is available, the calling party shall get a message that the user can not be reached.

4.2.1.3
Outgoing connection

When initiating a connection, the service may affect the choice of mode. The service may just be supported in one mode or the capabilities for the service may be better in a specific mode.

4.2.1.3.1
The terminal in idle mode

If the appropriate mode for this connection is present, the connection can be set up. It might happen that the service that the user wants to utilise is not supported by the mode/system selected and then a mode re-selection has to take place. If the necessary mode is not present, the service may be connected with limited capabilities in the present mode/system.

4.2.1.3.2
The terminal in active mode

4.2.1.3.2.1
Terminal type I

No more connections, belonging to different modes/systems, can be set up. In just UMTS multicall is still possible.
4.2.1.3.2.2
Terminal type II

In some cases it might be desirable to put the active connection on hold to set up another connection for a while. An example of this is when the terminal is busy with a data session in one mode/system and the user wants to make a speech call in another mode/system. The data connection can then be set on hold to make the user able to perform the speech call and after that resume the data session. 
If active in a PS-connection that can be set on a hold, and the desired service is a CS-connection, the PS-connection may be set on a hold to perform the CS-connection. 

It would also be desirable to be able to put a CS-connection on hold to initiate a PS-connection to send e.g. an e-mail or another message. 

4.2.1.3.2.3
Terminal type III

The connection can be set up.

4.2.1.4
For mobility management

4.2.1.4.1
Roaming

When the terminal comes into an area where another mode is available, it is sometimes desired to change mode. For example if the terminal enters its HPLMN in one or several of the modes, this is almost always the most preferred mode. 

To get the knowledge of other modes, two principles can be applied. Either the network tells the terminal that another mode is available or the terminal continuously searches for other modes. With the last alternative, the search may be restricted to be performed if the terminal not is camping on and is registered in the highest prioritised mode/network.

4.2.1.4.2
Loss of coverage

When the terminal looses coverage it has to search for new networks to camp on. The procedure for this is the same as at power on, except that if it is possible, the registered mode shall be de-registered. For terminals of type II and III, the de-registration may take place in the new access mode, provided that this mode is available. 

When the terminal looses coverage when in active communication, a handover shall take place. 

When the terminal is moving on the edge of the coverage are, some timers have to be set to minimise the switching of modes. 

4.2.2
UMTS and 2nd generation system operated by different operators.

This scenario describes the case when the UMTS operator does not operate a 2nd generation system but has to rely on roaming agreements.

FFS

For this situation most of the things mentioned in the above chapters can be applied. Just the differences will be marked out in this chapter.

· At start up

· At an incoming connection (when the terminal is in either idle or active/dedicated mode)

· At an outgoing connection (when the terminal is in either idle or active/dedicated mode)

· For mobility management (when the terminal is in either idle or active/dedicated mode)

· Roaming

· Loss of coverage

5
Procedures in connected mode

[RAN S2.03: UE Functions and Interlayer Procedures in Connected Mode]

[The reference used here only deal with the UMTS UE. It could be sufficient to see if there are any changes using a multi-mode terminal and in that case if anything is already done and in what stage it is in.]

5.1
Connecting State

5.1.2
Transition to Connected Mode

5.1.3
Transition to Idle Mode

5.2
Paging

Support of GSM paging when camping in a UTRA cell and vice versa

5.3
Inter system Handover

5.3.1
UMTS to GSM

Maintenance of neighbour cell list 

Handover Measurement Reporting

5.3.2
GSM to UMTS

Work is already progressing in this area. Check if there is something more to do.

5.3.3
UMTS to other systems

5.4
Support of Localised Service Area (LSA) 

In case of a network-controlled handover procedure, UTRAN shall take into account the local support of LSA service and the eventual subscription information of the UE to those LSA regarding the provision of service to the UE.

6
Procedures in idle mode 

[3GPP S2.04 v001: UE Procedures in Idle Mode]

[The reference used here only deal with the UMTS UE. It could be sufficient to see if there are any changes using a multi-mode terminal.]

6.1
General description of idle mode

6.1.1 Overview




6.1.2
Functional division between AS and NAS in idle mode

AS – Access Stratum

NAS – Non Access Stratum

6.1.3
Service type in idle mode

Acceptable cell

High priority suitable cell

Barred cell

“Operator only” cell

6.2
Radio access mode selection and reselection

6.2.1
Mode selection

6.2.1.1
Manual

Mode selection after power on

6.2.1.2
Automatic

Mode selection after power on

Mode selection when roaming

Mode selection at incoming call

Mode selection at outgoing call

6.2.2
Mode reselection

6.2.2.1
Terminal initiated

Manual and/or automatic

6.2.2.2
Network initiated

Automatic

6.3
PLMN selection and reselection

6.4
Cell selection and reselection

7
Signalling

7.1
Terminal Capability Information

It should be possible to transfer terminal capability information in connected mode as well as in idle mode.

7.2
Location Registration

In connected mode

In idle mode

7.3
Location update

A LU from one mode may be made valid in other modes as well.

Combining LU for different systems/networks, e.g. the terminal is registered in GSM and UTRA but still it is enough with one LU.

Combined LA or signalling between entities that makes it possible to direct a call or ask the terminal/user to change mode.

8
Identities

Multiple identities

One identity for several modes/networks

8.1
Signalling of multiple identities

8.2 Treatment of multiple identities

In what entity are the identities combined and in what way?

9
Conclusions

9.1
General

In the work with this report several issues have been found that need additional treatment to make multi-mode terminals usage efficient. 

9.2
Identified requirements

9.3
Identified work items
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