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1 Introduction

In RAN3#75bis meeting, the inter-RAT ping-pong handover detection issue [1] was discussed and reached the agreement that the detection mechanisms should include two steps. However, other issues are remained for further discussion.
This contribution focuses on the detection of 3G-LTE-3G inter-RAT ping-pong cases, illustrates the scenario, proposes the solution for the root cause analysis problem. 
2 Discussion
2.1 Problem Description
It is generally agreed that time length of the UE connected to the target RAT is not the only criterion of ping-pong, network coverage and policies should also be taken into consideration. In networks deployment, it is reasonable to assume that coverage of 3G network is ubiquitous, whereas LTE, as an innovative but premature network, has limited coverage in the beginning phase of the deployment. The operators may set the policy that the capable UEs should access the LTE network when possible. However, in some cases the UE should not be handed over to LTE even if in LTE coverage when the IRAT HO leads to a waste of resources and user experience may be degraded. 3G-LTE-3G ping-pong cases are such examples and should be avoided.
Due to the difference of the coverage and policy features between the networks, the root cause analysis of 3G-LTE-3G ping-pong cases is different from that of LTE-3G-LTE cases. For LTE-3G-LTE cases, a LTE coverage verification precedure is required to judge whether the ping-pong event is necessary and should not be avoided. But for 3G-LTE-3G cases, ping-pong can always be avoided because of the ubiquitousness of 3G network. However, it should be further analyzed that which HO caused the ping-pong. Besides the generally recognized root cause that the first HO from the source cell in 3G to LTE is unnecessarily triggered, as illustrated in Fig. 1, there is another probable root cause that the second HO from the LTE cell to 3G is unnecessarily or wrongly triggered, as illustrated in Fig. 2.
In Fig. 2, the UE moves across 2 LTE cells. Due to the access priority policy, the 3G source cell trigger a HO and the UE accesses cell 1 in LTE. When the UE departs from cell 1, it should have been handed over to cell 2 to continue its access to LTE. However, because of the improper HO parameters, the UE is handed over to the final cell in 3G. This case is regarded as an inter-RAT ping-pong as the duration of the UE connected to cell 1 is shorter than the defined time limit, but if the UE were correctly handed over to LTE cell 2 (indicated by the blue dash line); this should not be a ping-pong case as the UE would exceed the ping-pong time limit.

Hence, the root cause analysis of 3G-LTE-3G ping-pong should be performed once such ping-pong is observed, finding out which HO should be avoided to eliminate the ping-pong.
Proposal 1: The root cause analysis of 3G-LTE-3G ping-pong should be performed once such ping-pong is observed, finding out which HO should be avoided to eliminate the ping-pong.
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Fig. 1 Ping-pong due to the unnecessarily triggered 3G->LTE HO
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Fig. 2 Ping-pong due to the unnecessarily triggered LTE->3G HO
2.2 Solutions
As agreed in RAN3#75b [2], the two-step solution principle shall be applied to both LTE-3G-LTE and 3G-LTE-3G ping-pong detection. For 3G-LTE-3G case, in step 1 the network observes the ping-pong occurrence, then in step 2 additional measurements is required to find out which HO should be avoided.
Alt 1: The 3G RNC based step 2 triggering:

It is straightforward that the 3G-LTE-3G ping-pong can be observed by the 3G RNC when the UE returns from LTE by retrieving the UE History Information IE. Once the ping-pong event is observed, the RNC notify the LTE eNB. When Step 2 is triggered based on the ping-pong occurrence statistics, the eNB initiates the unnecessary IRAT HO detection procedure [3] for the successive UEs when they are handed over from the LTE cell to the 3G cell that is the final cell in the observed ping-pong. Based on the IRAT measurement results, the RNC can acquire the root cause of the ping-pong: if the measurement results indicates that the LTE-3G HO is unnecessary, the RNC sends the RIM message HO Report to the LTE eNB to prevent this HO for successive UEs; if the LTE-3G HO is rightly triggered, the HO parameters of the source 3G cell of the ping-pong should change to avoid the first (3G-LTE) HO.
Alt 2: The LTE eNB based step 2 triggering:

The idea that the RNC is responsible for step 2 triggering is simple, however an additional RIM message is required to notify the eNB to trigger step 2. In fact, the eNB is also able to detect the ping-pong.
When deciding to hand over a UE to a UMTS cell, the eNB checks the History Information of the UE to find out if the time length that the UE stayed in LTE is shorter than the ping-pong threshold. Besides, it is needed to make sure that no failure happens during or after the handover (in this case the problem shall be classified to inter-RAT failure case MRO). Hence, additional judging mechanism is needed. In three cases the situation should be regarded as an inter-RAT failure case MRO:
· if the eNB does not receive the UE CONTEXT RELEASE COMMAND message from the MME (indicating an HOF), or 
· the UE trying to re-establish connection to the eNB after a short time (indicating a Too Early Handover), or 
· a message indicating a Handover to Wrong Cell (similar to the X2AP HANDOVER REPORT for intra-LTE MRO, detail is under discussion in the inter-RAT MRO study) is received by the eNB within Tstort_UE_cntxt after the handover.

 Otherwise the LTE-3G handover can be considered as successfully completed, the problem is classified into the scope of inter-RAT ping-pong.
In step 2, the same approach as Alt 1 is applied to find out which handover should be avoided.
Alt 2 complicate the eNB with additional judging procedures, but it enables the elimination of the ping-pong notification RIM message from the RNC, which is an obvious advantage. Moreover, it is worth noting that no other impact (spec., UE, etc.) is required for Alt 2.

In conclusion, we propose to adopt Alt 2 for step 1 and measurement based unnecessary IRAT HO detection mechanism for step 2.
Proposal 2: Adopt Alt 2 for step 1 and measurement based unnecessary IRAT HO detection mechanism for step 2.
3 Conclusion

Based on our analysis, we suggest that RAN3 to discuss the following proposals:
Proposal 1: The root cause analysis of 3G-LTE-3G ping-pong should be performed once such ping-pong is observed, finding out which HO should be avoided to eliminate the ping-pong.
Proposal 2: Adopt Alt 2 for step 1 and measurement based unnecessary IRAT HO detection mechanism for step 2.
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