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Abstract of the contribution: This contribution discusses possible MT paging loss in the CS domain due to location update failure and identifies solution to the problem.
1. Introduction 
Currently, CSFB is the one of the most important mechanisms supporting voice services in real LTE deployments. Even though CSFB works well in most cases, it has been seen that activating ISR for CSFB enabled UEs sometimes causes loss of MT paging which may harm the user experience severely. This paper proposes to discuss an issue resulting in MT paging loss in CS domain due to location update failures and finds a way forward to solve the problem.
2. Discussion

1) Scenario 

Consider the scenario depicted in Figure 1. The MME has an SGs association for the UE, and ISR is activated for the UE (step 1). After that, while the UE is in UTRAN coverage, it should perform a periodic RAU (PRAU) with SGSN. However, the PRAU procedure may be failed due to e.g., coverage loss, weak signal, or congestion in RAN/CN nodes. In this case, the UE may be locally detached from the SGSN. The SGSN indicates a local detach to the MME, but the MME doesn’t deactivate the SGs association (step 2) if the reachablility timer has not expired. The UE performs an Attach procedure with the SGSN. During this procedure, the paging path from VLR is moved to the SGSN (step 3). Since ISR is deactivated in step 3, the UE performs a combined TAU when it enters E-UTRAN coverage. Upon receiving the TAU request, the MME does not perform a location update to the VLR, as its SGs state is not NULL (step 4). After this, the UE cannot receive any paging for CS services while it is in E-UTRAN coverage (step 5).
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Figure 1. Problematic scenario
2) In depth glimpse into the problem
The mobile reachable timer in SGSN/MME should be set to a value which is similar to the periodic update timer. According to the stage 3 descriptions, the default value of the periodic TAU (PTAU) timer is same to the default PRAU timer [1], [2]. Default values of the implicit detach timer for both systems are also the same. If mobile reachable timer and implicit detach timer expire, UE is locally detached from the system. 
Please consider the scenario in Figure 1 again. The problem arises when the mobile reachable timer and detach timer in the SGSN expire before those in the MME expire. For example, the problem can happen when the initial value of the PRAU timer is greater than or equal to that of the PTAU timer, and the mobile reachable timer in the SGSN starts earlier than that in the MME (e.g., the UE performs RAU and after that performs TAU). This would not be a rare case in practice, considering the default value of reachablility timers and the deployment options.
3) Candidate solutions
To solve/avoid the problem, we can consider following solutions:
· Solution A: During the RAU/TAU procedure, SGSN and MME exchange their reachability timers with each other. This can help in coordinating reachablility timers between UTRAN and E-UTRAN when ISR is activated for the UE. With this coordination, the MME can detach the UE as soon as the SGSN detaches the UE, which in turn makes UE to perform a combined attach for re-establishing the SGs association.
· Solution B: UE uses “combined TAU with IMSI attach” update type when initiating a combined TAU, if the UE has done a combined attach in UTRAN due to the RAU failure. This makes the MME to perform a location update to re-establish the SGs association, upon receiving a TAU request from the UE [3].
· Solution C: The SGSN and the MME are configured to avoid the problem. For example, the initial value of the PRAU timer is set to relatively larger value than that of the PTAU timer. In this case, the probability that the UE is locally detached from the SGSN before the timers in the MME expire is reduced.
· Solution D: If the VLR having an SGs association for the UE receives a location update from SGSN, the VLR requests the MME to remove the SGs association. This makes the MME to perform a location update to re-establish the SGs association, upon receiving a TAU request from the UE.
4) Comparison/Evaluation
Table I. Comparison for solutions
	
	UE impact
	RAN impact
	CN impact
	Remark

	Solution A
	No
	No
	Yes
	S3 protocol impact

	Solution B
	Yes
	No
	No
	NAS operation impact  Compatibility issue

	Solution C
	No
	No
	Yes
	Problem cannot be solved completely

	Solution D
	No
	No
	Yes
	SGs protocol impact


Solution A requires some modifications on SGSN and MME, but it can solve the problem completely, and can be used with legacy UEs. Solution B requires UE operation change, so it has a compatibility issue with legacy UEs. Although Solution C is simple, it cannot eliminate the possibility that the problem happens. Solution D has an impact to the legacy entity. Therefore, it is argued that Solution A is the best way forward.
3. Conclusion

This contribution reviewed an issue that the CSFB enable UE may lose paging for MT services. After analysing the problem and various solutions for solving the problem, it is proposed to select Solution A as a way forward and to agree the corresponding CRs, S2-12XXXX (for Rel-10) and S2-12XXXX (for Rel-11).
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