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Abstract of the contribution: This contribution discusses a paging failure of high priority 1xCS call due to on-going paging procedure for PS service.
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 paging procedure CS services with priority can be delayed and the call setup fails if the core network and/or radio access network are overloaded with massive paging requests for users. This paper proposes to discuss an issue resulting in delayed paging in CS domain due to the incomplete paging procedure for PS service for a given UE.
2. Discussion

1) Problem 

Consider the scenario depicted in Figure 1. When downlink packet arrives for an idle mode UE, S-GW sends DDN message to MME. In this case, let’s assume that the downlink packet belongs to non-priority PS service. The MME initiates paging procedure with eNB(s). It is noted that the paging transmission and the subsequent service request procedure may take several seconds. While the MME is waiting for a response to the 1st paging request, it is possible that a mobile terminating 1xCS voice call with a priority indication may arrive for the same UE. In the case, if the MME does not re-send the paging request or postpones the 2nd paging procedure, the mobile terminating CS service with a priority indication may be lost. 
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Figure 1. Problematic scenario
2) Severity 
The possibility of the above described problem depends on the time duration required for processing paging and the following service request procedure. That is, as much as the transmission of the paging is delayed, the frequency of the problem can increase. Unfortunately, in practical LTE networks, it has been recognized that the delay of paging transmission occurs very often due to the limited resources for paging and/or the popularity of applications which require frequent idle-to-connected mode transitions of UEs.
3) Proposed solution
To solve/avoid the problem, we propose to allow the MME to re-initiate the 2nd paging procedure, when the MME receives 1xRTT CS paging request with a priority indication, while waiting for the response to the 1st paging for PS service. With this solution, the following two scenarios can be foreseen:
· Case A: The eNB receives the 2nd paging request with priority indication from the MME, after it already sent the 1st paging to the UE. In this case, the UE may receive the 2nd paging message from the eNB, during the on-going RRC connection setup/service request procedure triggered by the 1st paging message. However, as two paging messages have the same CN domain, this does not give rise to any issue for UE operation as described in 5.6.2.2.1 in TS 24.301 [1].
· Case B: The eNB receives the 2nd paging request with priority indication from the MME, before it sends the 1st page to the UE. This case would happen more frequently than Case A in practice, because the time duration required for sending paging message (i.e., from hundreds of milliseconds to several seconds, due to the DRX cycle and the page queuing delay) is generally much longer than that required for the RRC connection setup (i.e., less than 100 milliseconds). In this case, the eNB can send the 2nd page message immediately, instead of the 1st page, as it has a priority indication [2]. This can significantly reduce the required time for completing paging procedure for 1xCSFB service with a priority indication. Figure 2 illustrates Case B.

[image: image2.emf]UE eNB MME SGW

1xIWS

DDN

1xMSC

Paging request

(Priority indication)

1xRTT CS Paging

(Priority indication)

Paging

(CN domain = PS)

Paging

(CN domain = PS, 

priority)

Paging cannot be 

processed, 

due to the paging 

queue overload

Paging

Existing 1xRTT CSFB procedure

(Service request,

Downlink information transfer, and

Extended service request)

eNB decides to 

send paging 

immediately, as per 

priority indication


Figure 2. Expected operation of the proposed solution.
3. Conclusion

This contribution reviewed an issue that the 1xCSFB enabled UE may lose paging for MT services with a priority. After analysing the problem and its severity, it is proposed to correct the MME operation by approving the corresponding CRs, S2-140163~S2-140165.
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