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Discussion
1 Introduction
At RAN3 #74, the importance of ping-pong detection in inter-RAT environment was defined as “medium”, which places it below connection failure resolution. The scenario has been defined as follows [1]:

In inter RAT mobility, a ping pong HO is understood as a hand 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".

This definition is similar to a short stay definition presented in the same paper. A solution for short stay was presented in [2]. It can be argued that a short stay is sometimes necessary and, therefore it has been not considered as a relevant problem. But ping-pong when UE is coming back to previous RAT just intentional left can be seen as unnecessary and should be avoided, in particular in inter-RAT case. In addition, inter-RAT cell changes hold higher complexity (e.g. measurement gaps). Therefore, we will focus here on the inter-RAT ping-pong problem, as defined above, and limit the proposed solution.
2 Discussion
Existing mechanism
Currently, inter-RAT ping-pong problem can be detected based on the UE history information. The information is kind of UE log that stores IDs of cells the UE passed through during a call, tier types and times spent in each. Therefore, when a UE returns to a cell that has already served it, that cell can check how long UE spent away and thus detect the ping-pong. The mechanism works for LTE and UMTS, but has not been completed for GSM. 

There are relevant problems with the existing solution:

1) As can be seen from the definition above, inter-RAT ping-pong may involve two different cells of the same RAT, i.e. the UE may return to original RAT after a short stay at other one, but to a different cell. Then, even if that cell detects the ping-pong, it will not be able to inform the one that initiated the first HO to the other RAT.

2) The solution treats all HOs in the same way. However, some HOs, e.g. due to traffic steering or MLB activity, may need to be excluded from ping-pong analysis.

3) The definition above introduces “definable limited time”. The existing mechanism offers only stay time information and cell type. Therefore, in order to detect a ping-pong, the stay times limits must be defined globally for given cell types. Alternatively, each and every cell in the network must keep a database of all its neighbours and stay times defined for them. In either case, the limit is static and can not take into account service or mobility specific parameters related to a given UE. 

4) There is not standardised way to notify the OAM about detected ping-pong events. For comparison, in MRO, there are counters defined for Itf-N that enable OAM to be informed about detected failure cases. 

5) The solution does not involve GSM.

As it is presented, the existing mechanism leaves quite a number of open issues. Additionally, it is important to mention that MRO resolution in some cases increased ping-pong. This behaviour may be observed in LTE. Now, MRO is likely to be extended toward inter-RAT environment thus increasing the need for robust ping-pong solution. Therefore, the first proposal concerns its importance:

Proposal 1: inter-RAT ping-pong problems shall be further discussed. The scenario definition should be restricted to the definition presented in [1] and the issues to address to the above list.

In the following section the enhancements needed to remove those problems are discussed.
Needed enhancements and specification impact
The problems with the existing solution that are listed above can be addressed in following way:
1) After a short stay at different RAT, the UE may return to other cell than the one that handed it over to that other RAT. Therefore, in order to make that original cell aware of the problem, an intra-RAT notification may be needed (assuming the cells are of different controllers). So, once a UE is handed over from RAN1 to cell A in RAT2 and that cell detects a ping-pong event started in cell B of RAT 2, a notification should be sent from A to B.

Specification impact: it can be assumed the time limit used to detect a ping-pong is quite short. Therefore, the UE would return to the original RAT either in the same cell that started the event, or in its proximity. Therefore, in case of UMTS, it is reasonable to assume inter-RNC signalling is not needed (no standardisation impact). In case of LTE, X2 signalling is sufficient.
2) In order to enable differentiation of HOs that lead to ping-pong, the information related to the triggering may be included in the UE history information. This may involve measurements or HO trigger point (if different criteria are used for different HOs), but the most straightforward is HO cause value. 

Specification impact: even though in other SON discussion various criteria for HO triggering has been studied, at this moment most procedures rely on the HO cause value. Recording this cause as part of the UE history information may therefore be assumed sufficient for ping-pong solution, too.
3) Ping-pong assumes the UE stayed in the other RAT “definable limited time”. This time however, may depend on both, the cell and the UE (service, speed, etc.). It is therefore important to enable the cell that serves the UE to decide if the time this particular UE spent there is “short enough” to trigger ping-pong analysis. If it is, the cell could add a flag to the UE history information as an indication the stay was too short to be considered normal. 

Specification impact: even though algorithm that could take into account both, cell and UE specific information is complicated, the only specification impact is a flag in the UE history information. This will be compatible with more static approaches (pre-defined time limit for particular cell, region, or whole network) and will work in inter-vendor environment. Additionally, a configuration method for the OAM-based time limit may need to be defined in SA5.
4) The cell that triggered the first HO of the ping-pong, once it detects the event in returning UE, or is notified from other cell of the same RAT, should be able to increase a counter of “ping-pong events”, as it happens currently in case of detected MRO events. 

Specification impact: this is within SA5 responsibility, therefore, if agreed, an LS to SA5 is needed.
5) Extending ping-pong for GSM is natural, but considering that it is still discussed if GSM should be included in other inter-RAT SON mechanisms, it is proposed to leave this problem for further discussion.
Therefore, while the list of required enhancements is long, but if the mentioned assumptions are made, the specification impact can be limited to:

· New X2 signalling (class-2 notification: a new one, or existing reused)
· Additional IEs in the UE history information.
· Configuration and statistic collection (SA5 domain)

Proposal 2: It is proposed to accept the assumptions made above and to focus on the drafted inter-RAT ping-pong solution.
3 Summary

In this paper the existing ping-pong solution and its limitations were described. It has been shown that the solution can be significantly improved and made SON-compatible with very little standardisation effort. 

The paper makes two proposals:
1. Inter-RAT ping-pong problems shall be further discussed. The scenario definition should be restricted to the definition presented in [1] and the issues to address to the above list.

2. It is proposed to accept the assumptions made in chapter 2.2 and to focus on the drafted inter-RAT ping-pong solution.
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