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Abstract of the contribution: This contribution discusses issues related to the CSFB/SMSoSGs services for the UE with ongoing MM back-off timer.
1. Introduction 
During the previous meetings, CT1 decided that UE can reselect 2G/3G RAT and directly contact to the MSC instead of initiating service request, when the UE has an ongoing MM back-off timer and CSFB or SMSoSGs service is required (See C1-113769 and 120711). This can improve the user experience when the PS domain is congested, but the CS domain is not congested. However, this feature can cause a paging loss for MT CSFB or SMS. This contribution discusses this issue and finds candidate solutions.
2. Discussion

1) Scenario 1 – Losing SGs association

Consider the scenario depicted in figure 1. As stated above, when the MO CS call or SMS is request by the user, the CSFB enabled UE which is maintaining an MM back-off timer can reselect 2G/3G RAT in order to initiate CS service request to MSC directly (step 1~3). Before that, if one of conditions for initiating LAU is met (e.g., LAI of 2G/3G cell is different from that of E-UTRAN or ISR is not activated), the UE has to initiate LAU to the MSC and deactivate ISR locally (if activated). If the MSC receives the LAU request from the UE, the SGs association is removed from the MSC and paging path is switched to 2G/3G RANs from the MME (step 4~5). After the CS service for the UE is finished, the UE selects a cell to camp on when it becomes idle mode. If the RAT priority (based on SPID/RFSP index) stored in the UE indicates that the UE has to camp on the E-UTRAN cell in idle mode or the best suitable cell is E-UTRAN cell, the UE can switche back to E-UTRAN cell (step 6). Then, the UE has to perform a combined TAU to the MME, in order to re-establish the SGs for receiving paging. However, due to the MM back-off timer, TAU request cannot be sent to the MME (step 7). This prevents the UE from receiving paging for the MT services in CS domain, as the UE camps on the E-UTRAN cell without an SGs association.
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Figure 1. Problematic scenario
2) Scenario 2 – Without losing SGs association

It is noted that even when the LAU is not performed and the SGs association is not removed, the MME may not be able to forward MT paging to the UE after the UE finishes CS service and comes back to LTE, if it is still congested. 

To avoid these two situations, the UE would be better to stay in 2G/3G, if the MM back-off timer is still running after the CS service. We can consider following solutions for achieving this.

· Solution A: If the UE have a subscription for CS voice call or SMS, the network always makes the UE to stay in 2G/3G cells during the idle mode.
· Solution B: If the UE reselects 2G/3G cells for CS services because of the ongoing MM back-off timer, it includes an indication that the MM back-off timer is applied in the CS signalling (e.g., LAU request) to the MSC. If the MSC receives this indication, it sets an RFSP index so that the UE is allowed to stay in 2G/3G cells after the CS service.

· Solution C: Before initiating CS signalling to the MSC, the UE has to establish an RRC connection with RNC/BSC. The UE includes an indication that the MM back-off timer is applied in the RRC request message to the RNC/BSC. If this indication is included, the RNC/BSC provides the 2G/3G as a highest priority for the UE’s RAT selection regardless of the RFSP index received from the CN.
· Solution D: If the MME is congested, it notifies its congested condition to the MSC via SGs interface. If the MSC receives the CS signalling from the UE that has been registered to the congested MME, the MSC sets an RFSP index for the UE so that the UE can stay in 2G/3G cells after the CS service.
· Solution E: If the MME applies an MM back-off timer to the CSFB enabled UE, it notifies to the associated MSC that the UE is under the NAS level congestion control in PS domain. If the MSC receives the CS signalling from the UE, it chooses an RFSP index that allows the UE to stay in 2G/3G cells after the CS service.
The Solution A is simple and does not need a protocol change. However, it would likely lead the UE to use the legacy system for PS service, even though the UE is E-UTRAN capable. The Solution B and C have a merit that the indication is sent from the UE only when it is really needed (i.e., only when the UE actually reselects 2G/3G due to the MM back-off timer). However, they require modifications on both UE and system, and especially, the solution C requires AS layer changes. Moreover, the solutions based on the indication from the UE can be inefficient when the congestion in PS domain is resolved before the MM back-off timer expires. On the other hand, the Solutions D and E have an advantage that they can solve the problem without UE impact and have a possibility to lead the UE to select E-UTRAN as soon as the congestion in PS domain diminishes. However, the Solution E has a limitation that signalling between the MME and the MSC can be considerable, as the MME should notify the status of the all UEs to the MSC. Therefore, the Solution D would be the best way forward.
3. Conclusion

This contribution reviewed an issue that the CSFB/SMSoSGs enable UE may lose paging for MT services, if it has selected 2G/3G RAT for MO CS service due to the MM back-off timer. After analysing the problem and various solutions for solving the problem, it is proposed to select the Solution D as a way forward and to agree the corresponding CRs, S2-122749 (for Rel-10) and S2-122750 (for Rel-11).
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