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Abstract of the contribution: Compares solutions to address “lack of EPS subscription”, “lack of EPS roaming agreement” and avoid ping-pong due to “pre-redirect” scenario and proposes a way forward.

1. Introduction
It has been agreed during SA2 discussions in the past few meetings that there may be scenarios in which UE(s) are allowed to access PS services in V-PLMN via UTRAN and/or GERAN, but it might be forbidden to access E-UTRAN due to the following reasons:

1. Lack of E-UTRAN roaming agreement.
2. Lack of EPS subscription data (legacy HSS/HLR has no EPS subscription data).
3. “E-UTRAN not allowed” in the subscription profile.
Due to such restrictions, there is a possibility that UE is being moved back and forth between 2G/3G and LTE network (i.e. ping-pong). Following are the possible modes of UE mobility from UTRAN to E-UTRAN:
1. Idle mode mobility 
2. Handover 
3. Release with redirection 
4. Reject with redirection (pre-redirect)
In SA2#94, network based solutions were agreed to address scenarios 1 – 3. Network based solutions have been investigated to address scenario #4 however no solution was found to solve scenario #4 without UE impact. As a result, an LS was sent to RAN2 indicating that pre-redirect should be applied only if there are implementation specific means to ensure that the UE is accepted by target EPS (S2-124764/R2-125896). 
Since then, solutions that require UE modification have been considered (AS based solution and NAS based solution). 
This paper aims to compare both solution options and proposes a way forward.
2. Solution Analysis
2.1
Option 1 - Description of NAS based solution:

When the UE without EPS subscription attempts to register with EPS, MME includes a new IE along with cause code 15 in the Attach / TAU Reject message. The new IE indicates to the UE how to interpret cause code #15 (whether it applies only to current TA or all TA(s) of the current PLMN). If the UE does not have EPS subscription, then the MME indicates “all TAs” in the new IE along with cause code #15. Upon receiving the new IE (“all TAs”) along with cause code #15, UE should add “all TA(s)” in the forbidden TA list and disable E-UTRAN in the selected PLMN.
2.1.1

How does it help resolve ping-pong due to “Reject with redirection” (pre-redirect)?
1. UE attempts to register in 3G network. RNC is configured to redirect UE(s) based on E-UTRAN capability provided in the RRC Connection Request.

2. RNC redirects the UE to E-UTRAN network.

3. UE attempts to register in EPS network.
4. MME rejects the UE with cause code #15 and includes the new IE to indicate that cause #15 applies to all TAs.

5. UE disables E-UTRAN in the selected PLMN when new IE indicates “all TAs” are forbidden and it adds all TAs in the forbidden TA list.

6. Further attempts to register with RNC will not cause redirection to E-UTRAN as E-UTRAN capability has been disabled in the UE.

2.1.2

Expected specification impact:
1. Define new optional IE in the attach reject / TAU reject messages.

2. Specify how it is used, e.g. MME sends this optional IE along with cause code #15 in case UE has no EPS subscription or no E-UTRAN roaming agreement with HPLMN exists.

3. Specify UE reaction when it receives the new IE along with cause code #15 i.e. disable E-UTRAN capability if the IE indicates “all TAs” and all TA(s) are added to the forbidden TA list.
2.1.3

Benefits of this solution:
1. Could address any scenario for UE(s) without EPS subscription – Handover, Idle mode mobility, RRC release with redirection, RRC reject with redirection (fast redirect). 

Note: Intent is not to propose this as an alternative solution for scenarios 1, 2 and 3 or replace the agreed solutions. This is just to highlight that if the SGSN is legacy or it does not support the solutions adopted for scenarios 1, 2 and 3, then NAS based solution will work for all the scenarios assuming the MME and UE are upgraded to support this approach.
2. Optimizes signaling / attach attempts for LTE capable UE(s) with no E-UTRAN subscription or E-UTRAN roaming agreement; 

3. Retains existing cause #15 behavior to address regional roaming restrictions; 

4. Backward compatible - legacy UE(s) behave in a predictable manner as UE reaction for cause #15 remains unchanged.
5. Ping-pong effect for legacy UE(s) (unable to understand the new IE) can be avoided when the RNC is configured not to redirect “old” UE(s) based on the “Access Stratum Release Indicator” included in the RRC Connection Request message.
Note: This is an implementation specific option.
2.1.3

Limitations of this solution:
1. Could result in1 additional attempt at the UTRAN / E-UTRAN network for pre-redirect scenario for restricted UE(s)
2.2
Option 2 - Description of AS based solution:

· UE enhanced to include a new indication (e.g. new IE – S1 registered) in RRC Connection Request

· RNC configured not to redirect UE(s) that do not include the new IE in RRC Connection Request.
· RNC enhanced to redirect UE(s) that include the new IE in RRC Connection Request.
2.2.1

How does it help resolve ping-pong due to “Reject with redirection” (pre-redirect)?
Assumption: UE is not “S1 registered” thus it does not indicate “S1 registered” in the RRC connection request message.

1. UE attempts to register in 3G network with RNC. RNC is configured to redirect UE(s) based on E-UTRAN capability and “S1 registered” indication in the RRC Connection Request.
2. RNC does not pre-redirect the UE, if the UE is not S1 registered.
2.2.2

Benefits of this solution
1. Works if the S1 registration was successful at least once. Criteria when to set this new indicator needs to be clarified.
2.2.3

Limitations of this solution
1. Solves only the pre-redirect scenario. Ping-pong due to idle mode re-attempts can still occur, if LTE capable UE with no EPS subscription or no E-UTRAN roaming agreement attempts to register in E-UTRAN.

3 Conclusion and Proposed Way forward
Based on our analysis, NAS based solution is more future proof not just to address inter RAT HO i.e. pre-redirect scenario, but also to help define optimal behaviour for UE(s) with single RAT subscription / roaming agreement, in general. It has minimal impact from an end to end system perspective (i.e. only minor impact to MME, no impact to 3G network). It is fully backward compatible and legacy UE(s) behaviour is predictable. Thus it is proposed to adopt the NAS based solution and send an LS to CT1 requiring CT1 to specify NAS based solution within Rel-12. A draft LS is proposed in S2-130413.
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