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Abstract of the contribution: This paper discusses whether S4-SGSN deactivates ISR upon certain conditions, in attempts to answer questions from CT1.
1. Introduction
CT1 sent an LS to SA2 (C1-112966) for clarification on ISR deactivation when user is using combined mobility (e.g. CSFB) capable UE. In CT1, there has been an ongoing discussion whether SGSN locally deactivate its ISR state (i.e. without sending any signalling towards UE) when certain ISR deactivation conditions are met.  This paper therefore discusses whether SGSN can deactivate ISR upon certain conditions from Stage 2 point of view.
2. Background - what CT1 is discussing
CT1 has previously agreed on a CR (C1-111431 / CR0151 to TS29.118) to clarify that MME sends EPS-DETACH-INDICATION if SGW sends Delete Bearer Request (Figure 2) and MME goes detached.  The assumption behind this agreement was that SGSN sends Delete Session Request message to SGW when ISR deactivation conditions are met (e.g. PDP context established prior to ISR activation was deleted).
Regarding these procedures and assumptions, CT1 is now discussing whether this procedure / assumptions were actually correct.  The LS from CT1 lists a number of questions in this perspective.

The following sections discuss the answers to CT1's questions.
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Fig.1 - ISR deactivation in SGSN (part 1)
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Fig.2 - ISR deactivation in SGSN (part 2 - cont'd from part 1)

3. Discussion 1 - Whether SGSN deactivates ISR
3.1 Is SGSN allowed to deactivate ISR state in the current specification?

Currently in the 3GPP specifications related to ISR (e.g. TS23.401 TS24.301, TS23.060, TS24.008, and TS29.272), there is NO text explicitly mentioning that SGSN locally deactivates its ISR state when PDP contexts created before ISR activation are modified or removed, and that the SGSN sends indication to SGW with cause value 'ISR deactivation'.
These specifications basically describe the case where the UE locally deactivate ISR on certain conditions, rather than SGSN doing so.
However, at the same time, there is no clear text prohibiting the SGSN to perform ISR deactivation.
3.2 Benefits of ISR deactivation in SGSN
There are a couple of advantages in deactivating ISR status in SGSN.
1. If SGSN is allowed to deactivate its ISR state upon PDP context deactivation, SGW and MME resources can be freed up.  This means that the network efficiency in terms of resource reservation can increase.
2. Keeping ISR in the core network side means paging procedures must take place in both RATs (e.g. both UTRAN and E-UTRAN).  By deactivating ISR in the core network side, this additional and unnecessary paging requests can be omitted thus resulting in saving radio resources.

3. Mismatch of ISR status between the network and UE can be removed, and therefore increasing the cases where the ISR status between SGSN and UE are fully synchronised.

As shown in Figure 1 and 2, deactivation is done as part of the existing procedures deleting PDP context/EPS bearer, and there is no Stage 3 (protocol) impacts for this.

Considering these advantages and facts, ISR deactivation in SGSN should be allowed.

4. Discussion 2 - Problem of Gs not being re-established after mobility events when ISR is active
4.1 What is the problem?
CT1 LS to SA2 argues in bullet 2) that Gs interface will not be re-established (due to the fact that PeriodicRAU request from the UE will not trigger SGSN to update Gs-association between VLR) when the approach illustrated in Figure 1 and Figure 2 are taken.  As CT1 states, the UE is pageable via Iu-CS.  However the problem CT1 did not find is that UE will become UNpageable when the implicit detach timer in VLR is expired.  As Figure 2 illustrates, VLR re-starts when EPS-DETACH-INDICATION is received.  Accordingly, paging will fail if this timer expires.  
It can look like that it's this 'deactivating ISR in SGSN' is causing this problem.  But consider the following example which ALSO creates the same problem.
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Figure 3: Possible case which is creating the same problem as Figure 2
When SGW is restarted, according to TS23.007, MME removes UE context and bearers and then the MME may optionally perform additional implementation specific procedures i.e. MME *may* send Detach request to UE to trigger Re-attach and bearer re-establishment. (Similar case can happen in case of PGW restoration.)

What these examples illustrate is that the question being asked in bullet 2) of the CT1 LS is an independent problem from what CT1 is asking SA2 with respect to the ISR deactivation. Therefore, it is proposed to find a way forward to this problem (which is that the VLR will become unable to page the UE under certain conditions) separately from the ISR deactivation problem.
This problem happens due to the fact that Periodic RAU will not trigger SGSN to update Gs-association between VLR.  Therefore it is proposed to discuss the ways how Gs-association can be re-established between VLR and SGSN, when SGSN receives Periodic RAU request from the UE.

Note 1: 
Please note again that this problem only happens for the UE with EMM combined procedures capability e.g. CSFB / SMS over SGs and ISR is used.  E.g. When Non- EMM-combined-procedures-capable UE is used, then SGs is never established and this problem doesn't happen.  When ISR is NOT used, then UE with EMM combined procedures will always perform RAU when it moves the RAT therefore misalignment doesn't happen (i.e. SGSN always sends Location Update to SGSN if NW capability indicates EMM combined procedures, as specified in 23.060 and 29.018)
Note 2: 
When SGW/PGW restoration happens, ISR status within SGSN is also deactivated when SGSN removes its UE context as part of restoration procedure (in the diagram it's omitted for simplicity).
4.2 Possible Solutions
4.2.1 Alternative 1: SGSN to send Location Update upon Periodic RA Update
In this alternative, SGSN always sends Location Update to VLR when it reseives Periodic RAU from the UE with EMM combined procedures capability.
This alternative is simple, but creates extra signalling every time the UE performs periodic RAU procedure.
4.2.2 Alternative 2: Modifying "VLR-Reliable" flag upon Periodic RA Update
According to TS29.018, SGSN can send Location Update to VLR upon periodic RAU.
---------------------Excerpt from 29.018 -------------------

If timer T6-1 [memo by the author - T6-1 is Location Update guard timer] is not running, the SGSN may start the Location Update for non-GPRS service procedure when it receives from the MS:

· a Combined Routeing and Location Area Update request or a periodic Routeing Area Update, if the 'VLR-Reliable' MM context variable for the MS is set to 'false' (see section 11.3).
---------------------Excerpt from 29.018 end----------------
This procedure can be enhanced such that SGSN turns 'VLR-Reliable' variable to false and then sends Location Update upon receiving Periodic update IF:

- UE Network Capability indicates that the UE has EMM combined procedures

- ISR is previously deactivated (by the network, as described in Figure 2 and Figure 3) in SGSN

With this approach, the signalling from SGSN to VLR takes place on the first periodic RAU, but not afterwards.  Thus this alternative seems better than Alt.1 in terms of amount of signalling within core network.
5. Conclusion

1. It is proposed to clarify that SGSN may deactivate its SGSN status and indicate that to SGW as part of Delete Session Request procedure. 
2. It is proposed to clarify that SA2 adopt Alt.2 described above.
3. It is also proposed to liaise CT1 about the SA2 decision.
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