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1 Introduction
The problem scenario of inter RAT ping pong in active mode was included in the SON WI at RAN3#68. 

Ping pong has previously been discussed for intra LTE mobility. The flat architecture put additional requirements on a mechanism to identify occurrences of ping pong. To solve this, UE History Information which contains the Last Visited Cell Information was introduced in Rel8. 

UE history information is also used in UTRAN but not in GERAN

It has also been discussed [3] to exchange parameters between cells to mitigate ping pong.

In this document, we discuss why we think the UE history should be used to resolve inter RAT ping pong.

2 Discussion 
2.1 UE history

The usage of the UE history is described in [1]: 

The source eNB collects and stores the UE History Information for as long as the UE stays in one of its cells.

When information needs to be discarded because the list is full, such information will be discarded in order of its position in the list, starting with the oldest cell record.

The resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the S1 and X2 interfaces, which provide the target eNB with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target eNB to start collection and storage of UE history Information and thus to propagate the collected information.

Then information is collected in a list called Last Visited Cell Information [2], containing a list of visited cells which can be either E-UTRAN or UTRAN. The information for these cells contains cell ID and the time stayed in each cell. The latest visited cell is added in the beginning of the list.
2.2 Intra frequency vs inter RAT mobility
There are some differences between intra frequency and inter RAT mobility.

Firstly, Inter RAT mobility can be seen as more demanding since it requires the UE to measure on another RAT and also require signalling across core network nodes. There is also a potential risk that the QoS requirements may be impacted, if the target RAT can not achieve the same QoS as the target RAT. 
As a summary, Intra-frequency mobility can support more frequent handovers than inter RAT mobility.
For inter RAT mobility, there may be different underlying reasons for requesting the handover. The UE may be handed over due to coverage reasons, capacity (load balancing) or QoS requirements (traffic steering). The handover cause is exchanged in HO preparation and therefore known in the target cell. There is however no way for the target cell to know the cause in previous handovers. 

2.3 Inter RAT mobility parameters

For inter RAT mobility, we typically have two absolute thresholds: criteria in source and target cell. The target cell criteria can be used to set the threshold for which a UE is expected to survive in the target RAT. The source cell criteria can be used to adjust at what time the UE starts performing inter RAT measurements. 
2.4 Detection scenarios

As discussed earlier, the impact of inter RAT and intra frequency ping pong are different. Therefore, the threshold for detection of inter RAT and intra frequency ping pong are also different. For example, a holding time per RAT of 1 minute may be considered as ping pong for the inter RAT case but the same holding time per cell in the intra frequency case is probably not considered to be ping pong. 

Therefore, a sequence of handovers classified as inter RAT ping pong may include a sequence of both intra and inter RAT handovers. This is illustrated in Figure 1, where an inter RAT  ping pong is detected between RAT A and RAT B. 
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Figure 1. Inter RAT ping pong detection.
The most typical deployment scenario is probably the one with limited, spotty LTE coverage and continuous UTRAN or GERAN coverage, The IRAT handovers from LTE is then typically caused by limited LTE coverage and the handover from UTRA/GERAN is typically caused by load balancing and/or traffic steering. 
3 Solutions 
We prefer using the handover history to detect handovers. The reason for this is that this detection method exists today (for UTRAN and E-UTRAN). The other advantage is that this does not require any exchange of mobility parameters which may not correctly reflect eNB behaviour, since there may exist differences in the mobility algorithm for different vendors.
Proposal: Use UE history to detect ping pong between RAT in active mode

As mentioned earlier, the UE history is currently not specified for GERAN. The reason may be that GERAN is not using a flat architecture and UE history is maybe not so important for intra GERAN behaviour. But to detect inter RAT ping pong, we suggest including this in GERAN. One obvious solution is to use a similar solution as the solution in UTRAN and E-UTRAN

A somewhat simplified solution would be to not require GERAN to collect info about each visited GERAN cell, but rather just add the time spent in GERAN into the list.
Proposal: RAN3 to discuss the need for a UE history solution for GERAN
Another problem is that the cause of handover might not always be what is to be expected. There may for example be cases where the cause of handover from UTRAN/GERAN systems are coverage related. And since more than one intra-RAT handover may be performed in between inter RAT handovers, the cause of the recent inter RAT HO, may not be known in the cell detecting ping pong. 
Proposal: Discuss whether a solution is needed to propagate the inter RAT HO cause 
4 Conclusions and proposal

We propose:

1) Too include the text in the annex to R3.023

2) Agree on using the  UE history to detect ping pong between RAT in active mode

3) RAN3 to discuss the need for a UE history solution for GERAN
4) RAN3 to discuss whether a solution is needed to propagate the inter RAT HO cause
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Annex

4.5.
Mobility Robustness Optimisation (MRO) enhancements
4.5.1
Use Case description
4.5.1.x 
Inter RAT ping pong in active mode
Inter RAT ping pong events in active mode are characterized by a rapid handover between two RATs. This scenario could for example occur in a scenario where the criteria for the target RAT is set too low, causing the handover to occur too early with an immediate handover back as a result.

4.5.2
Required Functionality

4.5.2.x 

Detection of Inter RAT ping pong in active mode
This can be detected by using the UE history information specified in Rel8. This information is however not yet included in GERAN. At the moment, it is therefore only possible to detect ping pong between E-UTRAN and UTRAN.
By introducing UE history information for GERAN, it would be possible to detect inter RAT ping pong in active mode. If the full UE history solution is not deemed suitable for GERAN, a simplified option would be possible as long as:

· GERAN stores and forwards (do not discard) the UE history information from incoming handovers from UTRAN or E-UTRAN

· GERAN at least provide the time the UE spent in GERAN (and not necessarily in each cell) to the UE history information

Another required functionality is to propagate the cause for inter RAT handovers, by including the cause in the UE history information
4.5.3
Evaluation scenarios and expected results

4.5.4
O&M requirements for radio related functions  

4.5.5
Solution Description
4.5.5.1
Impacted specifications and interfaces
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