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Abstract of the contribution: This paper introduces a problem of possible losing SGs after UE reselects GERAN/UTRAN for a CS service while MM back-off timer is running. The paper also addresses three approaches to resolve the problem and analyzes each approach.
Introduction
In past meetings, CT1 (C1-113769 and C1-120711) added to Release 10 TS 24.301 a mechanism that enables a UE that is combined registered to E-UTRAN and that is backed off on the PS domain (i.e. running T3346) but is not backed off on the CS domain (i.e. not running T3246) to obtain CS services in the GERAN or UTRAN CS domain. Specifically, the CRs mandate that the UE shall select GERAN or UTRAN in case of non-emergency mobile originated CS Fallback, and may select GERAN or UTRAN in case of emergency mobile originated CS Fallback. In addition, the CRs indicate that if an SMS needs to be sent, the UE may select GERAN or UTRAN in order to send the SMS.
Technical Issues
Issue 1: 

It is also possible that, when the UE reselects to GERAN/UTRAN according to the CT1 mechanisms described above, the UE has to perform LAU due to mobility after the UE reselects GERAN or UTRAN for a CS service. In such case, if the UE returns back to E-UTRAN after finishing the CS service, the SGs reference point would be no longer valid. However, the UE is not allowed to perform combined TAU until the PS domain back-off timer expires. Consequently, the UE will be unreachable for MT CS paging since no paging message for the UE will be transferred to the MME through SGs. Though it is possible that the MME may drop the paging request through SGs for a UE while the back-off timer is running for the UE, it is also possible that the MME may choose to page the UE for the MT CSFB or MT SMS even during the back-off timer is running on the PS domain. This includes the case where the congestion situation has ended early or where the MME determines that the paging request has high priority. If the SGs is not valid, the UE has no chance to be paged for CS services. 
Issue 2: 

If a UE reselects GERAN/UTRAN for MO CS services while PS back-off timer is running, it is possible and often likely that the UE seek more CS services (e.g. SMS) after finishing the first one. If the UE were to return to E-UTRAN right after finishing the first CS service, the UE may need to ping pong between the RATs, which is not desirable. 

Issue 3:

During the last SA2 discussion, the issue of unreachability of a UE that is PS backed-off and moves to a TA not in the TAI list was raised. Such scenario, due to normal mobility, is not due to the issues raised by the approved stage 3 solutions and is totally independent of it, so perhaps it does not belong to this discussion but was anyway raised in this framework. However, if such scenarios is deemed essential by SA2, we are mentioning a solution below. 
Discussion On Issues And Alternative Solutions
There are a number of possible approaches to address this problem. In this section, we address the approaches and analyze their pros/cons. 

Option 1: a backed off UE indicates in CS signalling upon selecting GERAN or UTRAN for CS services
Regarding issue 2, we propose in S2-122685 and S2-122686 that when the UE is PS backed off but not CS backed off, if the UE selects GERAN or UTRAN for MO CS service then the UE provides a “reselected to GERAN or UTRAN for CS services” indication to the MSC in CS signalling. In this proposal, upon receiving such indication, the MSC does not redirect the UE to E-UTRAN at the completion of the CS service, but chooses an RFSP Index that allows the UE to remain in GERAN or UTRAN when UE returns to idle at the end of the CS service. 
The proposal mitigates the problems we are addressing in this paper and ensures that ping pong is minimized while allowing the UE to access further CS services after the initial one (e.g. subsequent SMSs). This option however does not solve issue 1 (i.e. may prevent the UE from accessing PS services at all until the PS back-off timer expires). Therefore, we are proposing option 1 in combination with option 2.
Option 2: a backed off UE performs TAU when returning to E-UTRAN after having selected GERAN or UTRAN for CS services
In order to address issue 1, we propose in S2-122681 and S2-122682 that the UE performs TAU after returning to the E-UTRAN if the following conditions met:
1) The UE is combined attached;

2) PS back-off timer (T3346) is running, but CS back-off timer (T3246) is not running for the UE;

3) The UE has reselected GERAN/UTRAN in order to get an MO CS service; and

4) The UE has performed LAU after reselecting GERAN or UTRAN.

By doing this, the UE does not lose the connectivity in either CS or PS domain as long as the network determines to deliver the MT traffic to the UE. The drawback of this approach is that the UE has to perform TAU when it is not allowed based on current specifications. Considering the potential occurrence of the above conditions happening, triggering TAU even when the back-off timer is running may not cause considerable signalling load to the network.    
Option 3: a backed off UE disables E-UTRAN upon selecting GERAN or UTRAN for CS services
In CT1 ZTE proposed a solution in which a CS/PS mode 1 UE selects GERAN or UTRAN and disables the E-UTRAN capability until the PS back-off timer expires. 
Though this approach enables CS services for the UE, the PS domain services become completely unreachable from the UE unless ISR is activated for the UE for the whole duration of the back-off timer. In fact, the network may need to page the UE because of arriving MT packet(s) even while the back-off timer is running. Since with this solution the UE disables the E-UTRAN capability and does not perform RAU after selecting GERAN/UTRAN, paging messages cannot reach the UE as long as ISR is not activated for the UE. Note that the UE is not allowed to initiate MO traffic in PS domain as well. In this case, even if the MME wanted to deliver traffic to the UE and stop the back-off timer, the MME would not be able to do so. We therefore argue against this solution and suggest that option 1 and option 2 are better solutions.
However, if disabling E-UTRAN when the backed-off UE reselects to GERAN/UTRAN for CS services is seen as the correct way forward by SA2, in S2-122687 and S2-122688 we propose a solution in which, after the backed-off UE reselects and disables E-UTRAN, the UE anyway performs a RAU in order to achieve reachability. In the solution, the UE could also possibly indicate that the PS back-off timer is running and provide the remaining duration of the PS back-off timer to the network.  
Option 4: MME notifying MSCs
In the last meeting, Samsung proposed a solution in S2-122235 and S2-122236 which an MME that has UEs that are PS backed off and that are combined attached indicates to the serving MSC that the UE is PS backed off.
This proposal has no UE impact, since it relies on the MME signalling information to the MSC. However, such proposal has several drawbacks:

· It impose more load (additional signalling) to an MME that is already overloaded 

· If the UE performs a LAU with a new MSC, the solution would not work since the MME can only provide provide an indication to the old MSC
· Just because an MME gets overloaded does not mean that all the UEs served by such MME will be backed-off, and therefore signaling for all the UEs is unnecessary
We therefore argue that such solution would not solve any of the issues. 
Option 5: UE becoming unreachable due to regular mobility
In order to address option 3, should SA2 decide that it needs solving, we propose in S2-122683 and S2-122684 that a UE that is PS backed off still performs a TAU when moving to a TA that is not in the TAI list, independently of whether the UE does so due to selection of GERAN/UTRAN for CS services or due to regular mobility.
Proposal
We propose to acknowledge the addressed problem and discuss the way forward on this. We also propose adopting the solutions proposed in the CRs mentioned above, i.e. option 1 together with option 2. 

We also argue that aligning stage 2 to the stage 3 CRs already approved is essential to capture the overall impact to the system and have a complete understanding of the issue, and therefore we are submitting also the alignment CRs. 

3GPP

SA WG2 TD


