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1. Introduction
This discussion paper intends to present additional findings/analysis related to conditions on ISR activation and deactivation, as well as context synchronization during ISR. This is based on the both off-line discussions as well as previous discussion in CT1#71 as documented in discussion paper C1-111765, which was initially triggered by the issue/CR in C1-110810/CR C1-111431 from CT1#70 meeting. 

2. Problem and Analysis

In CT1#71 meeting, discussion paper C1-111765 has been presented. Analysis has shown that:

Based on above analysis, the ISR deactivated assumption presented in original scenario that is used to derive the conclusion was not justified, the ISR will still be activated after "Deactivate PDP Context" procedure. Thereby later when the UE performs combined detach procedure, UE-Initiated Detach Procedure defined in TS 23.401 Clause 5.3.8.2-2 still applies. i.e. when UE with ISR Activated camps on GERAN/UTRAN and Detach Request is sent to SGSN, explicit Detach Notification will be sent to the MME. Subsequently, the VLR will be informed by the MME that the UE is detached, SGs association state will be reset to SGs-NULL. Original issue does not exist.

This leads to the following conclusions:

Analysis has shown that for the scenario in C1-110810, there is no ISR deactivation in the network.  So this does not prevent the SGSN from sending Detach Notification to the MME when the UE initiate "Detach Request", therefore original change proposed in CR C1-111431 for adding new trigger at the MME side for sending Explicit EPS detach Indication to the VLR upon detection of the release of all EPS bearers for the UE is not needed.

If CT1 agrees with the above analysis, CR-111766 can be used to remove the new trigger that was added in the last meeting.  
CT1 did not have enough time to reach final conclusion on this topic in CT1#71. 

During subsequent off-line discussions, questions have been raised on several related topics, including context synchronization when ISR is involved, DSR cause parameters, ISR status in relation to Gs association, so it becomes obvious that further discussion is needed to address the confusions. This discussion papers intends to provide analysis on the following related topics:

- ISR activation and Gs Association Status

- UE and Network ISR Status after PDP Context Deactivation

- Context Synchronization after EPS bearers/PDP context deactivation when ISR is activated
- DSR Cause Parameter

- Additional EPS Detach Trigger on the MME

1). ISR activation and Gs Association Status
The scenario shown in C1-110810 slide 3 on ISR activation assumes that the SGSN maintains a Gs association (i.e. its state is Gs-Associated) while ISR is active (slide 3 and 4). But according to SA2 agreement, Gs association and ISR activation can’t exist at the same time. This has been re-confirmed by SA2 CR S2‑112309 in SA2#85:

SA2 has agreed that Gs association and ISR activation can’t exist at the same time. Otherwise when the UE camps on the coverage of EUTRAN and the MT call arrives, the UE can’t be paged in EUTRAN. Because the paging message can only be sent from the MME to the SGSN which is stated in the subclause 7.7.2. However the description in the subclause 5.5 as “In case of the detach procedure for GERAN/UTRAN when ISR is activated, the SGSN removes Gs association locally when in NMO I….” disobeys this pricinple and should be corrected.

Also in the subclause 5.3.1A and 5.3.2A of detach with ISR activated, there is no decription of Gs association. 
Therefore, it is not possible to have “ISR Activated, VLR(Gs-NULL, SGs-Associated), MME(SGs-Associated), SGSN(Gs-Associated)“ network state as shown in C1-110810 slide 3, also the comment about “don’t change Gs status (Gs-Associated)” is not correct either:
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Subsequently the pre-condition for PDP context deactivation in slide 4 “ISR Activated, VLR(Gs-NULL, SGs-Associated), MME(SGs-Associated), SGSN(Gs-Associated)“ is not possible.
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2). UE and Network ISR Status after PDP Context Deactivation
ISR status is maintained at both the UE and network side. Regarding ISR status after PDP context deactivation, local deactivation of ISR on the UE has no effect on network ISR status as explained below:
a). From stage 2/stage 3 requirement perspective:

According to 23.401 clause 4.6.2.2, only when all the bearers (PDP contexts) belonging to a UE are released, while the UE camps on GERAN/UTRAN, ISR is locally deactivated on the UE side:
If all the bearers belonging to a UE are released (e.g., after handover from E‑UTRAN to non-3GPP access), the MME shall change the MM state of the UE to EMM-DEREGISTERED. If the UE camps on E-UTRAN and the UE detects that all of its bearers are released, the UE shall change the MM state to EMM-DEREGISTERED. If all the bearers (PDP contexts) belonging to a UE are released, while the UE camps on GERAN/UTRAN, the UE shall deactivate ISR by setting its TIN to "P-TMSI" as specified in TS 23.060 [7]. This ensures that the UE performs Tracking Area Update when it re-selects E-UTRAN. If the UE switches off its E‑UTRAN interface when performing handover to non-3GPP access, the UE shall automatically change its MM state to EMM-DEREGISTERED.
So ISR deactivation means ISR is locally deactivated on UE side (to allow state synchronization in next update), this does not mean the ISR is deactivated in the network.  There is no requirement to deactivate ISR on the network side.  

Same requirements have been specified in other stage 2/stage 3 specs, requesting the UE to deactivate ISR locally when releasing the last PDP context, for example, TS 23.060 9.2.4 states:

4)   The SGSN returns a Deactivate PDP Context Accept (TI) message to the MS. If this deactivates the last PDP context of the UE then an E-UTRAN capable MS shall set its TIN to "P-TMSI". If PDP contexts remain for the MS, the SGSN recalculates the UE-AMBR and updates the RAN accordingly.

And TS 24.008 specifies:
6.3
Coordination between SM and GMM for supporting ISR

This subclause applies to a MS with its TIN set as "RAT‑related TMSI" for which ISR is activated.

The MS shall change its TIN to "P-TMSI" to deactivate ISR:

-
upon modification of any PDP context which was activated before the ISR is activated in the MS;

-
upon deactivation of the last PDP context in the MS; 

-
at the time when the MS changes from A/Gb mode or Iu mode to S1 mode, if any PDP context activated after the ISR was activated in the MS exists; or

-
upon deactivation of last non-emergency PDP context in the MS, if the MS has only a PDN connection for emergency bearer services remaining.
b). From network CS Mobile Terminating call perspective
Based on analysis in 1) above, given that Gs Association and ISR activation could not co-exist, when ISR is activated, the MME paging the SGSN is the only way for MT call to be successful if UE camps on GERAN/UTRAN. If ISR is allowed to be deactivated on the network side during the PDP context deactivation scenario, two major network issues would arise:

i. When the UE camps on GERAN/UTRAN, there would be no longer any means for the MSC/VLR to perform signalling with the UE via the SGSN until the next RAU request, e.g. the MSC/VLR would no longer be able to page the UE via the SGSN. => This will result in serious service disruptions, leaving no communication between UE and the VLR until the next RAU/TAU procedure.
ii. During explicit UE detach, the SGSN would not send an IMSI-DETACH-INDICATION to the MME Subsequently, the VLR will not be informed by the MME that the UE is detached, SGs association state cannot be reset to SGs-NULL.
c). From network PDN Connection function perspective:

Considering that PDN connection is related to specific application, it is possible that PDN connection will be established and deactivated frequently (for example due to establishment and ending of IMS sessions). It does not make sense to deactivate ISR based on each individual PDN connection or session activity - not on network side nor on the UE side. 

Based on above a), b) and c), it can be concluded that:
-  There is no stage 2 or stage 3 requirements to deactivate ISR on the network side.

-  In order to avoid mobile terminating call issue shown in b) and support dynamic PDN connection, clarification is needed to make sure that ISR shall not be deactivated on the network, even following deactivation of last PDP context.  

3). Context Synchronization after EPS bearers/PDP context deactivation when ISR is activated
There are different scenarios/reasons that could result in different types of unsynchronized states/contexts, as summarized in 23.401 subclause 4.3.5.6.  Consequently, same or different mechanisms may be used to synchronize the context for each situation. 

When ISR is activated, it is possible that during operation, context/state information among UE, MME and SGSN become unsynchronized. Regarding context synchronization when ISR is activated:
 

a). 23.401 sub-clause 4.3.5.6 specified that when ISR is activated, unsynchronized state, due to special situations like context modification and activation, is resolved by triggering deactivation of ISR locally in the UE:
Situations may occur that cause unsynchronized state information in the UE, MME and SGSN. Such special situations trigger a deactivation of ISR locally in the UE.
The UE shall deactivate ISR locally by setting its TIN to the temporary identity of the currently used RAT in following special situations:

-       Modification of any EPS bearer context or PDP context which was activated before the ISR is activated in the UE;
-     At the time when the UE moves from E‑UTRAN to GERAN/UTRAN or moves from GERAN/UTRAN to E‑UTRAN by means other than PSHO, if any EPS bearer context or PDP context activated after the ISR was activated in the UE exists;

ISR being locally deactivated on UE side will subsequently trigger state synchronization in next TAU/RAU during inter-system change.

b). For unsynchronized state due to deactivation of PDP context by the UE,  if the PDP context being deactivated is the last PDP context on the UE, then method in above 3.a) is used.  ISR will be locally deactivated on the UE to trigger TAU/RAU during next inter-system change.

6.3
Coordination between SM and GMM for supporting ISR

This subclause applies to a MS with its TIN set as "RAT‑related TMSI" for which ISR is activated.

The MS shall change its TIN to "P-TMSI" to deactivate ISR:

-
upon modification of any PDP context which was activated before the ISR is activated in the MS;

-
upon deactivation of the last PDP context in the MS; 

-
at the time when the MS changes from A/Gb mode or Iu mode to S1 mode, if any PDP context activated after the ISR was activated in the MS exists; or

-
upon deactivation of last non-emergency PDP context in the MS, if the MS has only a PDN connection for emergency bearer services remaining.
For general context synchronization related to context deactivation when ISR is activated, service request procedures in 23.060 and Extended Service Request in 24.301 can be used:
4.7.13
Service Request procedure (Iu mode only)

After completion of a Service request procedure but before re-establishment of radio access bearer, if the PDP and MBMS context status information elements are included, then the network shall deactivate all those PDP and MBMS contexts locally (without peer to peer signalling between the MS and the network), which are not in SM state PDP-INACTIVE on network side but are indicated by the MS as being in state PDP-INACTIVE.

4.7.13.3
Service request procedure accepted by the network

If the PDP context status information element is included in the Service Accept, then the MS shall deactivate locally (without peer to peer signalling between the MS and the network) all that PDP contexts which are not in SM state PDP-INACTIVE on MS side but are indicated by the Network as being in state PDP-INACTIVE. 

In 24.301, the context synchronization mechanism via ESR & EPS bearer context status IE may be initially developed for addressing context synchronization during CSFB via PS HO, but this method can be used effectively for context synchronization related to context deactivation when ISR is activated. 
If the service type information element in the EXTENDED SERVICE REQUEST message indicates "mobile terminating CS fallback or 1xCS fallback" and the CSFB response IE, if included, indicates "CS fallback accepted by the UE", or if the service type information element in the EXTENDED SERVICE REQUEST message indicates "mobile originating CS fallback or 1xCS fallback" or "mobile originating CS fallback emergency call or 1xCS fallback emergency call", the network initiates CS fallback or 1xCS fallback procedures. If the EPS bearer context status IE is included in the EXTENDED SERVICE REQUEST message, the network shall deactivate all those EPS bearer contexts locally (without peer-to-peer signalling between the network and the UE) which are active on the network side but are indicated by the UE as being inactive.
Additional condition can be added to make the inclusion of the EPS bearer context status IE mandatory for all service types if ISR has been activated. This can be seen as enhancement over existing mechanism and only applicable when ISR has been activated.
This enhancement provides an efficient way to synchronize context due to context deactivation when ISR is activated.   Context deactivation is just for removing a context, it is unnecessary for the new network node to perform expensive TAU/RAU to retrieve context info from the other node, because there is no change to the rest of contexts. Therefore EPS bearer context status IE is a good way to pass this info.

9.9.2.1
EPS bearer context status
The purpose of the EPS bearer context status information element is to indicate the state of each EPS bearer context that can be identified by an EPS bearer identity.

The EPS bearer context status information element is coded as shown in figure 9.9.2.1.1 and table 9.9.2.1.1.

The EPS bearer context status information element is a type 4 information element with 4 octets length.

	8
	7
	6
	5
	4
	3
	2
	1
	

	EPS bearer context status IEI
	octet 1

	Length of EPS bearer context status contents
	octet 2

	EBI

(7)
	EBI

(6)
	EBI

(5)
	EBI

(4)
	EBI

(3)
	EBI

(2)
	EBI

(1)
	EBI

(0)
	octet 3

	EBI

(15)
	EBI

(14)
	EBI

(13)
	EBI

(12)
	EBI

(11)
	EBI

(10)
	EBI

(9)
	EBI

(8)
	octet 4


Figure 9.9.2.1.1: EPS bearer context status information element
Table 9.9.2.1.1: EPS bearer context status information element

	EBI(x) shall be coded as follows:

EBI(0) - EBI(4):

Bits 0 to 4 of octet 3 are spare and shall be coded as zero.

EBI(5) – EBI(15):

0
indicates that the ESM state of the corresponding EPS bearer context is BEARER CONTEXT-INACTIVE.

1
indicates that the ESM state of the corresponding EPS bearer context is BEARER CONTEXT-ACTIVE.




 

4). DSR Cause Parameter
There has been comments raised during CT1#71 meeting as well as during off-line discussion that Delete Session Request message in subsection 7.2.9 of TS29.274 has a “Cause” Parameter, which can take value “ISR deactivation”.

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	Cause
	C
	If ISR is being de-activated, the Cause IE shall be included on the S4/S11 interface and its value shall indicate that the SGW shall delete the bearer resources by sending Delete Bearer Request to the MME/SGSN on which ISR was activated with Cause value "ISR deactivation".
	Cause
	0


But as can be seen in the “Condition/Comment” above, this is a conditional parameter and is only included by the MME if ISR is being deactivated. Having a “cause” parameter available in "Delete Session Request" in 29.274 does not mean that it is used in this case. 

 

In 23.401 subclause 5.10.3 "UE or MME Requested PDN disconnection", there is no requirement on ISR deactivation on the network side:
5.10.3    UE or MME requested PDN disconnection
The UE or MME requested PDN disconnection procedure for an E-UTRAN is depicted in figure 5.10.3-1. The procedure allows the UE to request for disconnection from one PDN. Bearers including the default bearer of this PDN shall be deleted during this procedure. The procedure also allows the MME to initiate the release of a PDN connection.
...


[image: image3.emf] 

   

MME   Serving GW   PCRF   HSS   PDN GW   eNodeB   UE  

2. Delete Session Request  

(A)  

7. Deactivate Bearer Request  

5. IP - CAN Session Termination    

 

3. Delete Session Request  

4. Delete Session Response  

6. Delete Session Response  

8. RRC Co nnection Reconfiguration  

9 a . RRC Connection Reconfiguration Complete  

9b . Deactivate Bearer Response  

1a. PDN Disconnection Request  

1b PDN disconnection trigger  

10 a. Direct Transfer  

10 b. Deactivate EPS Bearer Context Accept  


…

2.  The EPS Bearers in the Serving GW for the particular PDN connection are deactivated by the MME by sending Delete Session Request (Cause, LBI) to the Serving GW. This message indicates that all bearers belonging to that PDN connection shall be released. If the PDN GW requested UE's location info (determined from the UE context), the MME also includes the User Location Information IE in this message. If the UE Time Zone has changed, the MME includes the UE Time Zone IE in this message.

3.  The Serving GW sends Delete Session Request (Cause, LBI) to the PDN GW. The S‑GW also includes User Location Information IE and/or UE Time Zone IE if it is present in step 2.

4.  The PDN GW acknowledges with Delete Session Response.

Similarly, in 23.060 subclause 9.2.4.1/9.2.4.1A on MS and SGSN initiated PDN connection Deactivation, as already discussed in C1-111765, there is no requirement on deactivating ISR on the network side either.

So description of "cause IE" in 29.274 does not specify at all in which scenarios the MME/SGSN shall deactivate ISR, therefore cannot be used as proof that ISR is deactivated in this scenario (PDP context deactivation).
 

5). Additional EPS Detach Trigger on the MME 
Based on analysis 1), 2), 3) and 4), the ISR deactivated assumption presented in original scenario that is used to derive the conclusion was not justified, the ISR will still be activated on the SGSN after "Deactivate PDP Context" procedure. Thereby later when the UE performs combined detach procedure, UE-Initiated Detach Procedure defined in TS 23.401 Clause 5.3.8.2-2 still applies. i.e. when UE with ISR Activated camps on GERAN/UTRAN and Detach Request is sent to SGSN, explicit Detach Notification will be sent to the MME. Subsequently, the VLR will be informed by the MME that the UE is detached, SGs association state will be reset to SGs-NULL. Original issue does not exist. Additional EPS Detach Trigger on the MME added in C1-111431 is not needed.
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3. Conclusion

Below is a summary of conclusions and associated actions.

1). Gs association and ISR activation can’t exist at the same time.  To ensure non-interrupting communication between UE and the VLR required for Mobile Call termination, ISR shall NOT be deactivated on the network side after a PDP context deactivation procedure. 
Related CR/actions:

a). Change in CR C1-111431 for adding new trigger at the MME side for sending Explicit EPS detach Indication to the VLR upon detection of the release of all EPS bearers for the UE is not needed and should be removed.
CR-112419 has been provided to remove the detach trigger that was added in CT1#70.

b). Even though all existing stage 2 and stage 3 requirements are in line with above understanding that there is no ISR deactivation on the network side, it is suggested to add further clarification to 24.301 (subclause 6.1.5) and 24.008 (subclause 6.3) to  avoid any possible confusion.
Clarification CRs have been provided in C1-112417, C1-112418 and C1-112416.

2). The context synchronization mechanism via ESR & EPS bearer context status IE needs to be extended for synchronization related to context deactivation when ISR is activated. 
Related CR/actions:

a). In 24.301, add additional trigger so that EPS bearer context status IE is always included for all service types if ISR has been activated. 
b). Similar changes are also needed for 24.008 for including PDP context status IE.
 

Related CRs have been provided in C1-112414 and C1-112415.
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