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1. Introduction

This paper discusses the Stage 3 aspects of ISR abnormal case handling in the network side and the UE side.

2. Discussion
2.1 Issues:
During the last CT1 meeting, one abnormal case of ISR was identified. During the offline discussion, one more case was founded. Here are those two cases for the scenairo that UE firstly attached via E-UTRAN, and then reselect to UTRAN.
Scenario 1: The UE firstly attached via E-UTRAN successfully, and later, due to some reasons, for example, the E-UTRAN coverage is lost and there is only UTRAN coverage, so the UE reselect to UTRAN and initiates an RAU procedure. During the RAU procedure, two cases: 
Case 1:  the mobile reachable timer is running, while periodical timer was expired. 

For example, the UE re-selects UTRAN and initiates a RAU. When UE get ISR activated indication from RAU ACCEPT message, the PTU timer was already expired, and the mobile reachable timer in the MME is still running. This case is a race case, and can be regarded as a rare case.

Case2:  the mobile reachable timer was expired and the implicit detach timer is running.

For example, the UE re-select UTRAN and imitates a RAU. During the CONTEXT REQUEST/RESPONSE procedure, the MME may indicates ISR can be activated to SGSN and get ISR activated indication from SGSN. In this case,  the mobile reachable timer may have already expired and the implicit detach timer is already running in the MME when MME get ISR activated indication from SGSN, at the same time, the PTU timer in the UE has also expired, so the UE shall initiate a TAU procedure when it returns to E-UTRAN. During the RAU procedure, the UE could get ISR activated indication from RAU ACCEPT message.
According to TS23.401, if the network has activated ISR for the UE in the above examples, the MME should keep the UE’s context. 
For the scenario 2, that is the UE first attached via UTRAN and then reselect to E-UTRAN, same cases also exist. To simplify the discussion, this paper just takes the scenario 1 as an example. 

2.2 Excerptions from current specs:

-------- First excerption from 23.401 ---------------------------
5.3.3.3
Routing Area Update with MME interaction and without S‑GW change

--- omitted…
6.
The new S4 SGSN sends a Context Acknowledge (ISR Activated) message to the old MME. Unless ISR is indicated by the new S4 SGSN, the old MME marks in its context that the information in the GWs and the HSS are invalid. This ensures that the old MME updates the GWs and the HSS if the UE initiates a TAU procedure back to the old MME before completing the ongoing RAU procedure. ISR Activated indicates to the old MME that it shall maintain the UE's contexts and the MME stops the timer started in step 3. When ISR Activated is not indicated and this timer expires the old MME deletes all bearer resources of that UE. As the Context Acknowledge from the new S4 SGSN does not include any S‑GW change the old MME does not send any Delete Session Request message to the S‑GW.


If the security functions do not authenticate the UE correctly, then the RAU is rejected, and the new S4 SGSN sends a reject indication to the old MME. The old MME shall continue as if the Identification and Context Request was never received.

--- omitted…
------------ Second Excerption from 23.401 -----------------------

According to the stage 2’s spec, if the old MME get the ISR indicated from the SGSN, the MME should keep the UE’s context. That mean the MME should behave as the ISR is activated, the MME should keep UE’s context as required the ISR is activated. That is, according to the following excerption, if the ISR is activated, the MME will start the Implicit Detach timer with a slightly larger value than UE’s E-UTRAN deactivate ISR timer. 

-------- excerption from 23.401 ---------------------------

4.3.5.2
Reachability Management for UE in ECM-IDLE state

….. Omitted …..

Typically, the MME runs a mobile reachable timer with a similar value to the UE's periodic TAU timer. If this timer expires in the MME, the MME can deduce that the UE is 'out of coverage' at that moment. However, the MME does not know for how long the UE has been out of coverage, so, the MME shall not immediately delete the UE's bearers. Instead the MME should clear the PPF flag in the MME and start an Implicit Detach timer, with a relatively large value and if ISR is activated, at least slightly larger than the UE's E-UTRAN Deactivate ISR timer. With the PPF clear, the MME does not page the UE in E‑UTRAN coverage and shall send a Downlink Data Notification Reject message to the Serving GW when receiving a Downlink Data Notification message from the Serving GW. If this Implicit Detach timer expires before the UE contacts the network, then the MME can deduce that the UE has been 'out of coverage' for a long period of time and implicitly detach the UE as described in clause 5.3.8.3 "MME-initiated Detach procedure".
….. Omitted …..

------------End of excerption -----------------------

2.3 Analyses and Possible Solutions:

For the case 1, there is no issue on the network side since when the MME get ISR activated indication from SGSN, the implicit detach timer is not started. When the MME start this timer, it should use a larger value than UE’s E-UTRAN deactivated ISR timer. According to the TS24.301, when UE received RAU accept message, the UE should activate ISR, and when UE’s PTU timer expires and ISR is activated, the UE shall start the E-UTRAN DEACTIVATED ISR TIMER. However, in this case, the UE may receive the RAU Accept message with ISR indication while the PTU timer already expired. So, the UE will keep ISR always activated because the E-UTRAN Deactivate ISR timer could not be started after the PTU timer expired. 

For the case 2, when the MME gets ISR activated indication from SGSN, the implicit detach timer is running!  This timer may expire before the E-UTRAN DEACTIVATED ISR TIMER expires. If the UE re-selects E-UTRAN and initiates a TAU procedure after the implicit timer expired and before the E-UTRAN deactivated timer expires, the UE would consider the ISR is activated and only included GUTI in the TAU request message, while the MME can not find UE’s context according the GUTI because the MME may already implicit detach the UE. 
Here are two solutions for above cases:

Solution 1:  When receives RAU accept message with ISR activated indication, if the PTU already expired, UE locally deactivates ISR (for case 1 and case 2), and the network does nothing.

Pros:  Network needs do nothing.


Cons: The ISR’s benefits will lost in above cases. E.g. the UE signals two temporary IDs in next TAU request, which will cause unnecessary signalling in the network.

Solution 2:  The network restarts implicit detach timer when it received an ISR activated indication within Context Response ACK message (only for case 2), and the UE start the E-UTRAN deactivated ISR timer (for case 1 and case 2).

Pros:  Keep the ISR’s benefit.


Cons: Small implementation changes needed in the network side and the UE side.
Solution 3: For case 2. If UE’s mobile reachable timer is expired in the network, the network does not activate ISR for this UE. For example, when MME received CONTEXT REQUEST from the SGSN, and the MME find out that the UE’s mobile reachable timer expired, the MME does not indicate ISR activated in the CONEXT RESPONES to the SGSN.

 Pros:  No implementation changes needed for UE.

Cons:  The ISR’s benefits will lost in above cases. 

Small implementation changes needed in the network side.

Besides those pros and cons, the solution 1 can be regarded that the stage 3 not aligned to stage 2’s requirement, i.e. when the MME get the ISR indicated from the SGSN, the MME should keep the UE’s context and behaves as the ISR is activated. The solution 3 does not cover case 1, which is regarded as a race case in rare cases. 
Proposal:

Compared pros and cons of above three solutions, it is proposed to agree solution 2 as way forward.
3. Conclusions

It is proposed to agree the solution 2.

Corresponding CRs are provided in C1-102232 (for 24.301) and C1-102233 (for 24.008).

