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Abstract of the contribution: Problems and solutions with the MME initiated PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the TA Update procedure which is initiated by the UE in ECM_IDLE mode without “Active Flag” are discussed 
1. Introduction
We first discusses the problems that the MME initiated PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the TA Update procedure which is initiated by the UE in ECM_IDLE mode without “Active Flag” in the TS 23.401, then provides some potential solutions. Finally, we propose one solution to go forward.
2. Discussion

The following texts is defined in the TAU procedure in the TS 23.401,

If SIPTO is enabled for a PDN connection, the MME should re-evaluate whether the PGW location is still acceptable. If the MME determines that PGW re-location is needed, the MME may initiate PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the tracking area/routing area update procedure.

NOTE 2.
It depends on the operator's configuration in the MME whether to use the deactivation with reactivation request or allow the continued usage of the already connected GW.

At the end of the TAU procedure, if the MME decides to initiate PDN deactivation with reactivation requested according to clause 5.10.3, then The MME initiates the deactivation of all Bearers associated with the PDN connection to the eNodeB by sending the Deactivate Bearer Request message to the eNodeB and the eNodeB release all the radio bearer in the step 8 and 9a as the following figure defined in the sub-clause 5.10.3 UE or MME requested PDN disconnection in the TS 23.401. However, if the TAU update procedure is initiated by the UE in the ECM_IDLE state and the TA Update Request without “active flag”, no radio bearer for the PDN connections are established. So there is problem 1:
Problem 1: The procedure that MME initiates PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the tracking area update procedure is failed  if the TAU update procedure is initiated by the UE in the ECM_IDLE state and the TA Update Request without “active flag”
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When the UE initiate the SIPTO PDN connection establishment at the end of the tracking area update procedure  as defined in sub-clause 5.10.2 UE requested PDN connectivity, the radio bearer for the SIPTO PDN connection is established in the step 7~10 as described in the following figure defined in the sub-clause 5.10.2. However, if the TAU update procedure is initiated by the UE in the ECM_IDLE state and the TA Update Request without “active flag”, the MME does not send the S1-AP Initial Context Setup message to the eNB, and the RRC connection is not security protected as defined TS 36.331. The following texts is defined in the sub-clause 5.3.1.1 RRC connection control in the TS 36.331,

Upon receiving the UE context from the EPC, E-UTRAN activates security (both ciphering and integrity protection) using the initial security activation procedure. 
…
For SRB2 and DRBs, security is always activated from the start, i.e. the E-UTRAN does not establish these bearers prior to activating security.
If the RRC connection is not security protected, the eNB can not establish the radio bearer for the SIPTO PDN connection. This is another problem.

Problem 2: Because there is no security protection to the RRC connection, the procedure that UE initiates SIPTO PDN connectivity as defined in clause 5.10.2 UE requested PDN connectivity  is failed  if the TAU update procedure is initiated by the UE in the ECM_IDLE state and the TA Update Request without “active flag”
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3. Solutions
There are some solutions to the problems how the MME initiated PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the TA Update procedure which is initiated by the UE in ECM_IDLE mode without “Active Flag”.
1) The MME Paging the UE after the TAU procedure
If TA Update procedure is initiated by the UE in ECM_IDLE mode without “Active Flag”, after the MME receives the TAU complete message, the MME release the signalling to the UE, then the MME paging the UE, UE initiates the Service Request, during the Service Request, the RRC connection is security protected after the MME sends S1-AP Initial Context Setup message to the eNB. The MME initiate PDN deactivation with reactivation requested according to clause 5.10.3 after the Service Request.
This solution can work, but it needs the MME to release the signalling to the UE and paging the UE, and this solution introduces some extra signalling and no impact to the UE.
2) Release and re-activation SIPTO PDN connection information included in the TAU accept message
If TA Update procedure is initiated by the UE in ECM_IDLE mode without “Active Flag”, in the TA Update Accept message, the MME indicates all the EPS bearers of the SIPTO PDN connection are inactive to implicitly release the SIPTO PDN connection and MME also includes a SIPTO PDN Connection reactivation requested indication to the UE, then the UE initiates the SIPTO PDN connection, but because of the problem 2( Problem 2: because there is no security protection to the RRC connection, the procedure that UE initiates SIPTO PDN connectivity as defined in clause 5.10.2 UE requested PDN connectivity  is failed  if the TAU update procedure is initiated by the UE in the ECM_IDLE state and the TA Update Request without “active flag”) the SIPTO PDN connection can not be established.

So this solution does not work.
3) TAU Accept with new Indication and UE initiates Service Request
If TA Update procedure is initiated by the UE in ECM_IDLE mode without “Active Flag”, in the TA Update Accept message, the MME indicates all the EPS bearers of the SIPTO PDN connection are inactive to implicitly release the SIPTO PDN connection and MME also includes a SIPTO PDN Connection reactivation requested indication to the UE, then the MME releases the signalling to the UE,

Receiving the SIPTO PDN Connection reactivation requested indication, the ECM_IDLE state UE initiates the Service Request procedure, and the MME initiate PDN deactivation with reactivation requested according to clause 5.10.3 after the Service Request.
This solution can work, but it needs the MME to release the signalling to the UE and the UE needs to re-establish the signalling the same MME. This solution also introduces a new indication in the TAU accept message which the UE shall support the new indication, i.e. the UE needs to be enhanced.
4) TAU accept with S1-AP Initial Context Setup message
If TA Update procedure is initiated by the UE in ECM_IDLE mode without “Active Flag”, in the TA Update Accept message, if the MME determines that PGW re-location is needed, the MME treat the TAU procedure as receiving the “Active Flag”, and the user plane setup procedure can be activated in conjunction with the TAU Accept message as defined in the step TAU accept message in the TAU procedure in the TS 23.401, i.e. the TAU accept message is encapsulated within the S1-AP Initial Context Setup message. After that the MME initiates PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the tracking area/routing area update procedure.

This solution can work, and no new procedure is introduced and no impact to the UE.
4. Conclusion
Since the solution 4 have minimum impact to the MME and no impact to the UE and no extra signalling is introduced, It is proposed to use the solution 4 to solve the problem how the MME initiated PDN deactivation with reactivation requested according to clause 5.10.3 at the end of the TA Update procedure which is initiated by the UE in ECM_IDLE mode without “Active Flag”. And the CR S2-110434 is provided.
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