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1 Introduction

Besides the RLF related scenarios that have been under discussion in the scope of MRO, it was approved that the non-RLF related scenarios are also to be dealt within Rel-11 SON WI [1], among which the detection and correction of inter-RAT ping-pong problems is of “medium” prioritization. 
This contribution focuses on the detection of inter-RAT ping-pong cases, the solutions for both LTE-3G-LTE cases and 3G-LTE-3G cases are proposed respectively. 
2 Discussion
2.1 The Solution Baseline
In the WID, the inter-RAT ping-pong problem is described as:

A UE is handed over from a source cell in a source RAT (A) to a target cell in a target RAT (B) different from the source RAT, and where the UE is being handed over back to a cell in the source RAT (A) within a “definable limited time”.
However, as pointed out in some contributions such as [2] [3], time length that the UE connected to the target RAT is not the only criterion. The following assumptions for the problem are generally agreed:

1. Only the ping-pong events caused by unnecessary IRAT HO should be avoided, i.e. the trajectories of the UE in the target RAT is continuously under the source RAT coverage.
2. The coverage of the 3G network can be regarded as ubiquitous.

3. The UEs should access the LTE network as much as possible in general (aligned with most vendors’ policies).

In assumption 3, “in general” hints that in some cases the UE should not be handed over to LTE even if in LTE coverage because this IRAT HO leads to a waste of resources and user experience may be degraded. Of course, 3G-LTE-3G ping-pongs are among these cases.

These assumptions need to be taken into consideration in the discussion of inter-RAT ping-pongs. Because of the asymmetry in the networks’ features (coverage, policy, etc.), the LTE-3G-LTE and 3G-LTE-3G ping-pong cases should be treated separately to get more effective solutions.
Proposal 1: To get more effective solutions, the LTE-3G-LTE and 3G-LTE-3G ping-pong cases should be treated separately, taking into consideration the assumptions mentioned above along with the time limit.
2.2 LTE-3G-LTE ping-pong case
As stated in assumption 1, only the ping-pong events caused by unnecessary IRAT HOs need to be adjusted. That is to say, the detection of LTE-3G-LTE ping-pong is a sub-problem of the detection of unnecessary IRAT HO, where the solution has been established in R10 as stated [4]:
To be able to detect the Unnecessary HO to another RAT, an eNB may choose to put additional coverage and quality condition information into the HANDOVER REQUIRED message in the Handover Preparation procedure when an inter-RAT HO from E-UTRAN to another RAT occurs. The RAN node in the other RAT, upon receiving this additional coverage and quality information, may instruct the UE to continue measuring the source RAT (E-UTRAN) during a period of time, while being connected to another RAT (e.g. UTRAN or GERAN), and send periodic or single measurement reports to the other RAT (e.g. UTRAN or GERAN). When the period of time indicated by the source RAT (E-UTRAN) expires, the RAN node in the other RAT (e.g. UTRAN or GERAN), may evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO procedure and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in the source RAT (E-UTRAN).
By setting the abovementioned “period of time for UE measuring” as the “definable limited time” in IRAT ping-pong definition, the existing “unnecessary HO to another RAT” detection mechanism is suitable to tackle the addressed LTE-3G-LTE ping-pong problem.
This IRAT UE measurement procedure should be triggered upon the final eNB finding an inter-RAT ping-pong event by observing the UE History Information IE and sending an indication to the source eNB over X2.
Proposal 2: The LTE-3G-LTE ping-pongs should be detected by reusing the “unnecessary HO to another RAT” detection mechanism established in R10. The procedure should be triggered upon the final eNB observing a ping-pong event by retrieving the UE History Information IE and sending an indication to the source eNB over X2.
2.3 3G-LTE-3G ping-pong case
From assumption 2 it is deducted that for 3G-LTE-3G ping-pong case, it is not needed to measure 3G signal quality in the LTE connection duration because 3G coverage is ubiquitous, i.e. once a 3G-LTE-3G ping-pong event is detected, it is unnecessary and should be avoided. The detection of such ping-pong cases can also be realized by the retrieval of the UE History Information IE at the RNC.
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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
However, the root cause of this case should be further analyzed. 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 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 stated in assumption 3, 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 3G RNC should not always consider the ping-pong as a result of improper HO parameters in the source cell as long as an inter-RAT ping-pong is detected. Instead, the RNC should configure the UE to measure LTE network signal quality and take proper actions upon receiving the measurement results. The measuring procedure is very similar to the unnecessary LTE->3G IRAT HO detection except that the procedure is originated by 3G network. Therefore, provided a ping-pong event is observed, the 3G network should send a request to LTE cell 1 to initiate unnecessary LTE-> 3G IRAT HO detection procedures when some successive UEs experience the same IRAT HO.
If UE measurement indicates that the LTE->3G IRAT HO is unnecessary, LTE cell 1 will be notified with the RIM message HO Report, the observed ping-pong event should not affect the HO parameters of 3G source cell. Otherwise HO parameters of 3G source cell may be obliged to change.
Proposal 3: The root cause analysis of the 3G-LTE-3G ping-pong cases should be based on unnecessary LTE-> 3G IRAT HO detection procedures when some successive UEs experience the same IRAT HO. The procedures should be triggered upon the 3G final cell observing a ping-pong event and sending a procedure initiation request to the last serving LTE cell.
3 Conclusion

Based on our analysis, we suggest that RAN3 to discuss the following proposals:
Proposal 1: To get more effective solutions, the LTE-3G-LTE and 3G-LTE-3G ping-pong cases should be treated separately, taking into consideration the assumptions mentioned in section 2.1 along with the time limit.
Proposal 2: The LTE-3G-LTE ping-pongs should be detected by reusing the “unnecessary HO to another RAT” detection mechanism established in R10. The procedure should be triggered upon the final eNB observing a ping-pong event by retrieving the UE History Information IE and sending an indication to the source eNB over X2.
Proposal 3: The root cause analysis of the 3G-LTE-3G ping-pong cases should be based on unnecessary LTE-> 3G IRAT HO detection procedures when some successive UEs experience the same IRAT HO. The procedures should be triggered upon the 3G final cell observing a ping-pong event and sending a procedure initiation request to the last serving LTE cell.
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