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Introduction
On the latest SA2#59 meeting an approval were made to introduce ISR into TS23.401, see S2-073797. In addition to the text which was approved to be put into the TS23.401 also the following excerpt text was captured and agreed in S2-073797:

It is proposed to endorse the principles below and to add a section into TS 23.401
· UE registers to the MME and SGSN separately 

· MME and SGSN register to the HSS and the HSS maintain two PS registrations


· UE needs to be informed by the CN nodes (SGSN and MME) if the ISR functionality is activated or deactivated for that UE


· There is no “signaling free reselection” of an LTE cell by a UE in URA_PCH state (e.g. URA_PCH is treated as active mode by the UE/EPC when moving to eUTRAN)

· When ISR is activated for 2G and/or 3G, Idle Mode UP Termination is in S-GW for that RAT

· The Serving GW needs to be informed if the ISR functionality is activated or deactivated for a UE


· Two periodic update timers, running separately in the UE for updating SGSN and MME separately.- Functionality is needed in SGSN and MME to avoid the deletion of the PDP context/EPS Bearers because of missing periodic updates.

The above list settles the most issues which have been discussed for the ISR functionality and indicates the level of modifications needed to all TS23.401 idle mode related procedures. But at least one issue is not covered in the above list and that is what shall happen with registrations when the UE moves from Idle-to-Active.

The Idle-to-Active issue and needed modifications to TS23.401 procedures are discussed below.

Discussion

Idle-to-Active Transition

The use case foreseen is that the ISR is activated and the UE are registered in both 2G/3G and E-UTRAN followed by a transition to active in one RAT.The question related to this transition is what shall happen with the ISR function and what shall be the ISR status when going back to idle? 
Two main alternatives can be seen:

1) When UE goes from Idle-to-Active only the active RAT registration shall be kept and ISR function are “restarted” when going back to idle. If UE changes RAT after going idle a RAU or TAU is performed in all cases. There can be seen two ways to perform ISR deactivation which are discussed under the Service Request chapter.
2) When UE goes from Idle-to-Active all registrations are kept. In a following Active-to-Idle transition previous registrations are reused and if moving into a previously registered RAT no signalling (RAU or TAU) is performed. 
During the active mode updates can be done to the security context (re-authentication) and/or to the bearer context. For alternative 1 above this is not a problem as there is going to be performed a RAU or TAU if the UE changes RAT after it has gone idle and the context is retrieved from the old node.
In alternative 2 the contexts are going to differ in the registered SGSN and MME when UE goes idle and no RAU or TAU is performed if changing RAT’s. The unsynchronised context is not a problem if it is only the bearer context that has been changed as this update can be handled by the Service Request when going active. But if the unsynchronised context is a security context this has to be handled with a synchronisation between SGSN and MME. Proposed is to handle the synchronisation when going active-to-Idle in the S1 Release procedure, see the S1 Release Procedure discussed below.
Procedures in TS23.401 effected by introduction of Idle-mode Signalling Reduction (ISR)

In the following chapters procedures in TS23.401 are gone through and it is discussed which effects the introduction of ISR has in these procedures. 
Attach Procedure (5.3.2)

No effects from ISR on Attach Procedure are assumed. Attach is only done to one RAT.

Tracking Area Update and Routing Area Update procedures

The following procedures are effected by introduction of ISR:

· Tracking Area Update procedure with MME and Serving GW change (5.3.3.1)

· Tracking Area Update between UTRAN and E-UTRAN (5.3.3.2)

· Tracking Area Update GERAN – E-UTRAN (5.3.3.3)

Tracking Area Update procedure with MME and Serving GW change (5.3.3.1)

Only a change of MME would not introduce any changes to this TAU procedure except that ISR capabilities and status are transferred in the context exchange old MME ( new MME. If the new MME does not support ISR the ISR has to be deactivated.

If S-GW are changed and ISR is activated the result can be that two different S-GW are allocated, one for SGSN and a new S-GW for MME. The proposal is to deactivate ISR if S-GW are changed. An alternative to ISR deactivation is to introduce a relocation procedure to replace the old S-GW with the new S-GW also for the SGSN. But this relocation adds complexity to the procedure and additional signaling and is probably very rare, so the proposal is to deactivate ISR at these rare occasions. The following signalling has to be performed if ISR shall be deactivated: 

· Inform HSS about ISR deactivation (Update Location)
· Inform SGSN about ISR deactivation (new signal same as a Cancel Location)
· Inform Old S-GW about ISR deactivation (Delete Bearer)

· Inform UE about ISR deactivation (TAU Accept)
Tracking Area Update between UTRAN and E-UTRAN (5.3.3.2)

The ISR functionality requires that ISR is activated at RAT change, which results in a “negotiation” between the nodes to secure that all nodes will support ISR. If ISR already is activated a “negotiation” has still to be performed with the target node (SGSN or MME). Cancel Location is also changed as two RATs shall be registered in parallel.

Activation of ISR functionality requires the following changes in the signalling diagrams (changes are limited to introduction of new information elements):

· UE to inform target MME or 3G-SGSN
· If ISR not yet activated – UE to inform about its ISR capabilities.

· If ISR activated – UE to information about its ISR active state.

· Target MME or 3G-SGSN to inform/request source 3G-SGSN or MME about ISR capabilities and status.

· Target MME or 3G-SGSN to inform/request S-GW about ISR capabilities and status.

· Target MME or 3G-SGSN to inform/request HSS about ISR capabilities and status.

· Target MME or 3G-SGSN to inform UE about the outcome of the above negotiation i.e. ISR activation or deactivation.

As more than one RAT shall be registered at the same time the Cancel Location principles needs to be changed. If two RATs are already registered i.e. MME and 3G-SGSN and:

· If change from MME to a new 3G-SGSN
Cancel Location shall not be performed of MME but of the old 3G-SGSN.

· If change from 3G-SGSN to a new MME
Cancel Location shall not be performed of 3G-SGSN but of the old MME.

Tracking Area Update between GERAN and E-UTRAN (5.3.3.3)

The ISR functionality requires that ISR is activated at RAT change, which results in a “negotiation” between the nodes to secure that all nodes will support ISR. If ISR already is activated a “negotiation” has still to be performed with the target node (SGSN or MME). Cancel Location is also changed as two RATs shall be registered in parallel.

Activation of ISR functionality requires the following changes in the signalling diagrams (changes are limited to introduction of new information elements):

· UE to inform target MME or 2G-SGSN
· If ISR not yet activated – UE to inform about its ISR capabilities.

· If ISR activated – UE to information about its ISR active state.

· Target MME or 2G-SGSN to inform/request source 2G-SGSN or MME about ISR capabilities and status.

· Target MME or 2G-SGSN to inform/request S-GW about ISR capabilities and status.

· Target MME or 2G-SGSN to inform/request HSS about ISR capabilities and status.

· Target MME or 2G-SGSN to inform UE about the outcome of the above negotiation i.e. ISR activation or deactivation.

As more than one RAT shall be registered at the same time the Cancel Location principles needs to be changed. If two RATs are already registered i.e. MME and 2G-SGSN 

· If change from MME to a new 2G-SGSN
Cancel Location shall not be performed of MME but of the old 2G-SGSN.

· If change from 2G-SGSN to a new MME
Cancel Location shall not be performed of 2G-SGSN but of the old MME.

Service Request Procedures (5.3.4)

UE triggered Service Request (5.3.4.1) 

As discussed above in the chapter Idle-to-Active Transition there are two principles that can be used to handle ISR in idle-to-active transition, where one was to deactivate ISR at Idle-to-Active transition. The Idle-to-Active transition is handled in the Service Request procedure which means that the deactivation has to be performed in this procedure.

Looking into the Service Request procedure it can be seen that ISR deactivation can be handled in two ways. 

Complete deregistration:

· UE initiates the Service Request and keeping only the TA it is going active in.

· MME ( SGSN: Deregistration Request to clear the context in the SGSN. (new signal)
· SGSN ( HSS: Purge UE is sent from the none active SGSN to HSS to remove the SGSN registration in HSS. The MME registration shall be kept. (new signal)
· MME ( S-GW: Update Bearer informs the S-GW that the context related to SGSN shall be cleared.

Above proposal adds CN signalling to the SGSN and HSS resulting in a complete deregistration of the UE in SGSN and HSS. A simplified solution which does not give a full deregistration of the UE in the none active access can be as follows:

Partial deregistration 

· UE initiates the Service Request and keeping only the TA it is going active in.

· MME ( S-GW: Update Bearer informs the S-GW that the context related to SGSN shall be removed.

The later solution adds no additional signalling to the Service Request procedure but solves the basic needs to perform a TAU or RAU at the next RAT change. In this case the HSS still keeps both access registered and an “unused” context is left in the SGSN. 
Network Triggered Service Request (5.3.4.2)
As the UE can be registered in both MME and SGSN paging has to be performed in both locations. The idle mode termination is performed in S-GW for all RATs. This gives the following changes to the signaling flows:

· S-GW ( SGSN: Downlink Data Notification shall also be sent to SGSN (new signal)
· SGSN ( RNC/BSS: Paging (Reference to TS23.060)
S1 Release Procedure (5.3.5)

As discussed above in the chapter Idle-to-Active Transition there are two principles that can be used to handle ISR in idle-to-active transition, where one was to keep ISR registrations at Idle-to-Active transition but synchronize the context between the MME and SGSN at Active-to-Idle transition. The Active-to-Idle transition is handled in the S1 Release Procedure which means that some additional signaling is needed in this procedure. The added signaling is to send the context from MME to SGSN if the context has been changed since last RAU or TAU. 
It is foreseen that previous RA, TA-list registrations are kept in the UE during the active phase. 

Detach Procedure (5.3.8)

The Detach Procedure performs detach of the UE from the EPS i.e. the UE is detach from all RATs not per RAT.

UE-initiated Detach procedure (5.3.8.2)

The detach request has also to be sent to the SGSN giving the following new signals in the procedure:
· MME ( SGSN: Detach Notification / Ack
· SGSN ( S-GW: Delete Bearer Request / Response to remove the SGSN context in S-GW. Alternative would be to only relay on the Delete Req from MME to S-GW and with a cause that all contexts for the UE is removed including the S-GW – P-GW relation.

MME-initiated Detach procedure (5.3.8.3)

Same changes as in UE-initiated above.

HSS-initiated Detach procedure (5.3.8.4)
As the both locations are registered in HSS the Cancel Location can be performed in parallel to both MME and SGSN i.e. no changes needed.

Conclusion
The changes needed in TS23.401 procedures can be summarized as:
· New IE’s in existing signalling flows to indicated node ISR capabilities and ISR status information (active, inactive, deactivate, …)

· Change of Cancel Location in the TAU and RAU procedures, see description above.
· In the Detach procedures an extra signal is needed to send a detach indication between the SGSN and MME.

· If S-GW is changed in the TAU procedure with MME and S-GW change the ISR function shall be deactivated. This adds a conditional Cancel Location signalling to the registered SGSN from HSS. 
· In the Network Triggered Service Request procedure a Downlink Data Notification needs to be added from S-GW to SGSN.
· For Idle-to-Active transition there are two possible solutions one to deactivated ISR and one where ISR is not deactivated. Both solutions give modifications to the TS23.401 procedures but we do not see any strong arguments for one or the other. 
It is proposed to agree on the proposed modifications of above listed procedures in TS23.401.
To get the TS23.401 complete regarding ISR it is also proposed to capture the approved bullet list (a proposed clarification is added to the first bullet) from S2-073797 into TS23.401. 
/******************************************Change Begin*********************************************/
4.3.4.5
Idle mode Signalling Reduction Function

The Idle mode Signalling Reduction function provides a mechanism to limit signalling during inter-RAT cell-reselection in idle mode (E-UTRAN idle, UTRAN idle, GPRS STANDBY states).
The ISR function includes:
· UE registers to the MME and SGSN separately. The registrations are performed via the standardized Attach and RAU/TAU procedures.
Editor’s note: e.g. can be an initial registration is done in one access via Attach followed by an access change resulting in a TAU procedure.
· MME and SGSN register to the HSS and the HSS maintain two PS registrations

· UE needs to be informed by the CN nodes (SGSN and MME) if the ISR functionality is activated or deactivated for that UE


· There is no “signaling free reselection” of an LTE cell by a UE in URA_PCH state (e.g. URA_PCH is treated as active mode by the UE/EPC when moving to eUTRAN)

· When ISR is activated for 2G and/or 3G, Idle Mode UP Termination is in S-GW for that RAT

· The Serving GW needs to be informed if the ISR functionality is activated or deactivated for a UE


· Two periodic update timers, running separately in the UE for updating SGSN and MME separately.- Functionality is needed in SGSN and MME to avoid the deletion of the PDP context/EPS Bearers because of missing periodic updates.
 /******************************************Change End*********************************************/
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