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1. Introduction
In last RAN3 meeting, inter-RAT pingpong handover was discussed and agreed to be further studied in Rel-11 SON WI, and this use case was included in the revised WID[1] in RAN #55 plenary. This contribution analyzes the inter-RAT pingpong scenarios and provides a solution on detection of inter-RAT pingpong handover between LTE and UTRAN. 
2. Discussion
2.1.  Inter-RAT pingpoing handover scenarios
In the Rel-11 SON WI way forward agreed by RAN3 in email discussion [2], the description of inter-RAT pingpong is as follows,
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”. Also, if the UE stays at the target RAT still within the “definable limited time”, but passes through more than one cell before returning to the source RAT, should also be considered as an inter-RAT ping-pong.
During the email discussion, it was discussed that inter-RAT pingpong handover e.g. LTE->3G->LTE may happen in two different scenarios,


1)  There is a coverage hole (discontinuous coverage) in LTE, 

2)  Coverage of LTE is continuous, but handover trigger setting in LTE is improper.
For the first scenario, the issue is caused by discontinuous coverage, and irrelevant with mobility parameter optimization, which should be fixed by means of coverage enhancement and optimization.

For the second scenario, the issue is due to improper handover trigger setting, which is the objective of the use case that is currently discussed in the SON WI, and it needs to be resolved by mobility parameter optimization.  
Since the intention of SON MRO is to find and resolve the problems caused by wrong/improper handover parameter setting, thus for the potential solution on inter-RAT pingpong detection, it is necessary and very beneficial to distinguish the above two different cases, and make the SON MRO function focusing on the latter case, leaving the former case for other algorithm, e.g. CCO.
Proposal 1: For the potential solutions on inter-RAT pingpong detection, it should be able to distinguish the scenario due to improper handover trigger setting from the coverage hole scenario.

2.2. Relation between Inter-RAT pingpong detection and unnecessary handover detection
From our point of view, LTE -> UTRAN ->LTE IRAT pingpong handover scenario is somewhat similar with IRAT unnecessary handover scenario, considering both of the scenarios are due to improper mobility setting. The relationship of the two functions is explained below.

In the scenario of LTE -> UTRAN ->LTE, when UE is first handed over from LTE to UTRAN, some LTE measurement configurations (including measurement frequency, measurement time period and threshold) are transferred to the target RNC, then it instructs the UE to measure LTE signal within the UTRAN for a specified time period. 
If the UE stay time in UTRAN is longer than the specified time period, based on the measurement results collected by UE, the RNC could determine whether or not there is unforeseen IRAT mobility problem. If yes, i.e. an inter-RAT unnecessary handover is detected, an HO REPORT is triggered by RNC; otherwise, it is deemed as a necessary IRAT handover, inferring no mobility problem and no correction of handover trigger expected and needed.

We should avoid handling the above case by an extra IRAT pingpong mechanism, since it is already handled by IRAT unnecessary handover mechanism. Once the problem is detected as an unnecessary handover, the network could adjust corresponding handover trigger, delaying handover to UTRAN and/or prompting intra-LTE handover. As a result of optimization, IRAT handover may be avoided, meanwhile IRAT pingpong handover might not happen anymore. 

However, besides the above case, there is another case that should be considered, i.e. the UE stay time in UTRAN is shorter than the configured measurement period. In this case, measurement time period is interrupted by a new inter-RAT handover, no HO REPORT is triggered and it is not regarded as unnecessary HO. Thereby, this case should be target scenario of the IRAT pingpong mechanism.
Based on the above analysis, we believe it is reasonable to assume that the ‘definable limited time’ defined for pingpong handover detection should be shorter than that measurement time period configured for IRAT unnecessary handover detection.
With this assumption, the applied scenarios of IRAT pingpong handover solution and IRAT unnecessary handover solution can be split well based on the stay time in the target RAT, i.e. in case stay time longer than the measurement time period configured for IRAT unnecessary handover detection, it should be handled by IRAT unnecessary handover solution; otherwise, it should be handled by IRAT pingpong handover solution. Consequently, the redundancy and overlapping between the two MRO functions can be avoided.
Proposal 2:  LTE-UTRAN-LTE pingpong detection mechanism should focus on the scenario that can’t be handled by current IRAT unnecessary handover mechanism, i.e. the configured measurement time period in UTRAN is interrupted by the next handover (UTRAN->LTE). 
2.3. Inter-RAT pingpong detection solution

IRAT unnecessary handover detection mechanism has been specified in Rel-10 SON, it is beneficial to reuse the available configuration information and the measurement results to distinguish the pingpong scenario due to improper handover trigger setting from coverage hole scenario.  
The basic idea is to reuse the measurement about the LTE collected by UE in UTRAN, and record the LTE cells in the UE History information if measurement results for them fulfill the measurement threshold. When UE is handed over back to LTE, with the enhanced UE History information, LTE network can determine whether or not the LTE coverage is continuous during the stay time in UTRAN. In case the stay time is shorter than “definable limited time”, if LTE coverage is continuous, the LTE network can conclude that an inter-RAT pingpong handover happened due to improper mobility parameter setting; otherwise, if LTE coverage isn’t continuous, LTE network can determine it a problem relevant to coverage, which should be fixed by coverage optimization.
The whole mechanism is illustrated as following figure,
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Figure 1.  inter-RAT pingpong detection solution
1) When UE is handed over to UTRAN, some LTE measurement configuration information is transferred to target RNC, including LTE frequency, measurement time period and threshold.

2) According to the configuration, the RNC instructs the UE to measure the LTE signal.
3) When the RNC prepares handover the UE back to LTE, if UE stay time in UTRAN is shorter than the specified measurement period and LTE signal measurement results always exceed the threshold during stay time,  it adds a list of LTE cells in UE History Information, in which each LTE cell’s signal exceeds the configured threshold. 
4) The UE History Information is transferred to LTE during the IRAT handover.

5) After the UE returns back to LTE, the new serving eNB determines whether or not LTE coverage is continuous based on the UE History Information (which is implied by the presence or not of the LTE cell list). If the stay time in UTRAN is less than the “definable limited time” and LTE coverage is continuous, the eNB could determine an inter-RAT pingpong handover which is due to improper handover parameters setting. 
6) If the concerned responsible cell isn’t controlled by the current eNB, the root cause (i.e. inter-RAT pingpong handover) as well as the LTE cell list (which could be candidate target cells for following handovers) should be sent via X2 to the eNB starting pingpong handover.
2.4. Benefits of the solution

This solution has the following benefits,
· It enables network to distinguish the pingpong scenario due to improper handover trigger setting from t coverage hole scenario, and further enables network to take correct optimization action, which makes inter-RAT pingpong detection more reasonable and more accurate. 
· The solution reuse the configuration already specified in IRAT unnecessary handover mechanism, which requires few standardization work.

· A list of candidate cells is provided to the concerned RAT (i.e. LTE),  which enables the eNB starting inter-RAT pingpong to make more intentional optimization of handover parameters, e.g. by increasing the CIOs of these candidate cells, prompting the intra-LTE handover triggered earlier than inter-RAT, reducing the possibility of inter-RAT pingpong.
Proposal 3: RAN3 discusses and agrees the solution, i.e. if/when LTE coverage is continuous during the time UE stays in UTRAN, RNC adds the LTE cell that satisfied the indicated radio conditions in UE History Information, and if needed, the cell list could be sent over X2 to the eNB starting pingpong handover.
3. Proposal
This paper discusses two different inter-RAT pingpong scenarios, and proposes requirement on the potential solution. Further by analysis of relation between IRAT unnecessary handover solution and pingpong solution, provides a detection solution for inter-RAT pingpong handover, reusing configuration information specified in current IRAT unnecessary handover mechanism. 
Above all, we put forward the following proposes and hope RAN3 to discuss and agree them.
Proposal 1: For the potential solutions on inter-RAT pingpong detection, it should be able to distinguish the scenario due to improper handover trigger setting from the coverage hole scenario.

Proposal 2: LTE-UTRAN-LTE pingpong detection mechanism should focus on the scenario that can’t be handled by current IRAT unnecessary handover mechanism, i.e. the configured measurement time period in UTRAN is interrupted by the next handover (UTRAN->LTE). 

Proposal 3: RAN3 discusses and agrees the solution, i.e. if/when LTE coverage is continuous during the time UE stays in UTRAN, RNC adds the LTE cell that satisfied the indicated radio conditions in UE History Information, and if needed, the cell list could be sent over X2 to the eNB starting pingpong handover.
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