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Introduction

Previous contributions have discussed optimisations of the Idle more signalling and some of these have been captured in the TR in Annex D.  However, inter-system idle mode handling also has an impact on the inter-system  active mode handling especially if the UE is to be retained in URA-PCHs state.  

This contribution discusses these optimisation options in more detail from the overall architectural options level.

Discussion

Annex D captures the foundation of signalling optimisations.  It introduces the notion of “equivalent Tracking areas” in D.2.4 and  the “Packet Data bearer proxy” in Section D.2.6.  The two are inherently based on similar thinking and have some relationships.  But just looking at the message flows for one scenario may hide some of the underlying dependencies on subsequent scenarios like for example a handover.   

The discussion below tries to take a higher view of the different “double registration” concepts and states in the different systems involved.  It also analyses the impact of these states on subsequent scenarios.   

A pre-condition for all these is that the UPE serves to anchor the UE during these inter-system changes. Thus a UE that need the handover function when communicating over 2G/3G must use the UPE in the LTE/SAE system.  

Another underlying requirement is that an association is formed between the SGSN in 2G/3G system and MME in the LTE for all the alternatives discussed below.

At a high level, the different cases that allow the UE to be retained in URA-PCH even when it moves to LTE/SAE coverage in “idle” state can be captured by the three alternatives given below:  

1) LTE and UMTS retain UE contexts while in “Idle
”:  The UE is registered in both systems. 
To be backward compatible, one of them must act as the proxy for the interface to the HLR.  The information from HLR is kept up to date in both systems.
Here, since both systems retain contexts, a tracking area update over one system does not result in the release of the UE context in the other system.  Both the UE and network retain full information required for both systems.  The UE performs a tracking area update only when it camps in a cell that is not in the tracking area it last reported.  And this tracking area update is performed over the system the UE is camped in.  
For example, a UE in 2G/3G is in URA-PCH state.   If it moves to LTE/SAE and finds itself in different tracking area to last reported, it performs a tracking area update over LTE.  This does not move the UE out of URA-PCH state in UMTS.  
When there is a need to page the UE, the UE is paged in both systems.  The respective temporary UE id for each system is used for paging.    
When the request for the establishment of resources is in one system (on its own or in response to a page), resources are re-established in that system.  This will result in transfer of any additional information required from the other system to set the resources up correctly and a tear down of the resources in the other system and leading to a simpler state with UE context in only one system.  This then removes any dependencies on subsequent handovers.  Thus if the UE established the bearers in LTE/SAE, the URA-PCH state in UMTS is removed.


2) LTE and UMTS retain UE contexts in active state: This is similar to the above, but even on a change over to active in one system does not result in a tear down of resources in the other system.  This will have an impact on handover procedures and multiple handover procedures will need to be defined depending on the previous states in each system.  

For example, if the UE was in URA-PCH in one RNC while being in LTE-Active and moves to a cell in another RNC.  Such a handover can be modelled as an change within UMTS from URA-PCH in one RNC to active in another RNC and the LTE context is retained in a “dormant” state.  But some of these handovers don’t exist in UMTS today.  Thus, this alternative may complicate the overall system in terms of an explosion in the number of scenarios it needs to handle and also lead to several messages involving different nodes. 


3) Only one system retains contexts:  In this alternative, only one system retains the main UE context.  Other system may retain UE id and tracking areas.  For this to work, (and to allow the UE to continue in URA-PCH), the UE must provide the tracking areas for both systems over the current system.  The UE while in 2G/3G when it goes to URA-PCH or idle state, also monitors the LTE/SAE tracking area id and reports it over the UMTS air interface.  This LTE/SAE tracking area is passed to the UPE.  This does not mean that the UE has registered with the LTE/SAE system.  The UE is then allowed to move between the two systems.  As long the tracking area id is one of those last reported, no additional tracking area updates are needed.  The UE continues to monitor the tracking area of the other system (LTE in the example above) in the background.  If however, the UE moves out of (does not have to camp in the other technology) either of these tracking areas in either technology, it will perform a tracking area update in the last used technology.  Thus, if in the example above, the UE moves to a different tracking area in LTE/SAE system, it will do provide the new LTE- tracking area over UMTS.  

This also means that if the UE was previously in LTE/SAE, it cannot be in URA-PCH in UMTS (since only one system stores any UE context).  In this case, it provides the UMTS Routing area over LTE/SAE system.

Any activity by the UE in the other system will remove the context in the first system to be in line with the basic principle that UE context is retained in only one system.

When there is a need to page the UE, the UE is paged in both systems.  The UE id must be made unique but there is no need to issue temporary paging ids in both systems.  
When the UE resources are re-established (either in response to page or for UE initiated re-establishment) in the same system, the system specific procedures are used.  When the resources are quested in the other system, a forward “HO” is triggered; i.e., a handover triggered by a UE request or paging response in the other system.

Two optimisations to this can be considered in isolation or together and are listed below.

3a) Avoiding continuous background scan in the other technology:  As above, the UE reports the tracking areas in both technologies when it goes to idle.  Subsequently, it reports the LTE tracking area id only on every URA-update.  To avoid continuous background scan of other system (for example, LTE when the UE is in URA-PCH), an optimisation could be that the UE only checks subsequent LTE tracking areas when it camps on LTE.  
Thus for example, the UE reports the LTE tracking area when it updates the URA-id over UMTS.  The UE is then allowed to move between the tracking areas in UMTS and LTE as before.  If the UE camps on an LTE cell that is not the reported tracking area, then it performs a tracking area update over LTE.  This removes the UE context in UMTS in line with the architectural alternative.  



3b) Only UE id and tracking area in other system:  Another optimisation of the alternative 3 is to have allocate a temporary id in both systems but carried to the UE over the same technology in which it performed the tracking update signalling.  Thus if the UE is in UMTS URA-PCH state, and it includes an LTE tracking area, an LTE UE id is allocated to the UE and carried over the UMTS system itself.   When there is a need for paging the UE, the tracking area id of the respective system can then be used. 

If keeping the UE in URA-PCH all the time is not considered that critical and UEs can be in PMM Idle and then the UE context to be retained in UMTS is only the SGSN context.  Then alternatives 1 and 2 seem easier to handle.  Even in this case, in alternative 2, a handover to a cell in another SGSN coverage area adds complications.

Combinations of these options can also be considered.  

Summary and Proposal

The contribution discussed the different variations of the “dual registration” concept and examined the implications and complexities of these.   It is proposed to capture these alternatives discussed above as a general grouping of the options available to handle URA-PCH case in section 7.6.2.

================================================

7.6
Key issue: Limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM 

7.6.1
Requirement

Section 5 of this TR contains the following requirement:

"The SAE/LTE system shall provide effective means to limit mobility related signalling during inter-RAT cell-reselection in LTE_IDLE state. For example, with similar performance to that of the “Selective RA Update procedure” defined in TS 23.060."
In this issue, the limiting signalling over the air interfaces is an important issue. The limiting signalling for updating the tracking area (routing area, in case of UTRA/2G) and signalling for paging must be considered together, since the two have a trade-off relationship.

7.6.2
Potential Solutions

The following solutions/concepts have been identified so far:


a)
Separate Routeing Area/Do nothing

b)
Common Routeing Area/Common SGSN

c)
Common RNC

d)
Equivalent RAs and SGSN proxy

e)
UE remains camped on the last used RAT

f)
Packet Data Bearer Proxy

g)
Inter RAT Resource Allocation

At a high level, the different cases that allow the UE to be retained in URA-PCH even when it moves to LTE/SAE coverage in “idle” state can be captured by the three alternatives given below:  

1) LTE and UMTS retain UE contexts while in “Idle
”:  The UE is registered in both systems. 
To be backward compatible, one of them must act as the proxy for the interface to the HLR.  The information from HLR is kept up to date in both systems.
Here, since both systems retain contexts, a tracking area update over one system does not result in the release of the UE context in the other system.  Both the UE and network retain full information required for both system.  The UE performs an tracking area update only when it camps in a cell that is not in the tracking area it last reported.  And this tracking area update is performed over the system the UE is camped in.  
When there is a need to page the UE, the UE is paged in both systems.  The respective temporary UE id for each system is used for paging.    
When the request the establishment of resources in one system (on its own or in response to a page),  resources are re-established in that system.  This will result in transfer of any additional information required from the other system and a tear down of the resources in the other system and leading to a simpler state with UE context in only one system.  This then removes any dependencies on subsequent handovers.  


2) LTE and UMTS retain UE contexts in active state: This is similar to the above, but even on a change over to active in one system does not result in a tear down of resources in the other system.  This will have an impact on handover procedures and multiple handover procedures will need to be defined depending on the previous states in each system.  



3) Only one system retains contexts:  In this alternative, only one system retains the main UE context.  Other system may retain UE id and tracking areas.  For this to work, (and to allow the UE to continue in URA-PCH) the UE must provide the tracking areas for both systems over the current system.  The UE while in one system, also monitors the tracking area id of the other system and reports it over the current air interface.  This does not mean that the UE has registered with the both system.  The UE is then allowed to move between the two systems.  As long the tracking area id is one of those last reported, no additional tracking area updates are needed.  The UE continues to monitor the tracking area of the other system in the background.  If however, the UE moves out of (does not have to camp in the other technology) either of these tracking areas in either technology, it will perform a tracking area update in the last used technology.  

Any activity by the UE in the other system will remove the context in the first system to be in line with the basic principle that UE context is retained in only one system.

When there is a need to page the UE, the UE is paged in both systems.  The UE id must be made unique but there is no need to issue temporary paging ids in both systems.  
When the UE resources are re-established (either in response to page or for UE initiated re-establishment) in the same system, the system specific procedures are used.  When the resources are quested in the other system, a forward “HO” is triggered; i.e., a handover triggered by a UE request or paging response in the other system.


Other potential solutions might be identified in the future. Further information on the above solutions is included in Annex D "More detailed descriptions of potential solutions for limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM ".
� “Idle” state in this document includes all “paging” states.  Thus it is used to mean PMM Idle, LTE-Idle, URA-PCH or GMM Idle.


� “Idle” state in this document includes all “paging” states.  Thus it is used to mean PMM Idle, LTE-Idle, URA-PCH or GMM Idle.
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