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Discussion
1 Introduction
The discussion on ping-pong detection in inter-RAT environment resulted in two-step approach: first, possible cases of ping-pong are identified and then, in the 2nd step, origin of such HOs may be checked – if there is a risk that the inter-RAT HOs in the area may be actually necessary (e.g. due to coverage discontinuity). 

The last RAN3 meeting #76 reached the conclusion that the step 1 (i.e. detection of potential ping-pong case) is based on enhanced UE History Information (HO cause value added) and possible inter-RAT ping-pong indication on X2, when UE returns from other RAT to a different cell /eNB. It was also stated that CRs proposing implementation of the above agreement should be provided at RAN3 #77 meeting. 

This paper discusses changes needed to implement the 1st step of the mechanism described above.
2 Discussion

The agreement recalled above consists of two parts: UE history enhancements and X2 notification. Here, both will be analysed.
UE history information enhancements

UE history has been defined as an information packet following the UE as it moves across LTE and UMTS networks. The idea is that each stay of the UE (up to 16 handovers) is recorded there thus giving insight into the mobility events the UE encountered. Among others, it is able to record possible ping-pong events.
UE history is used in both, LTE and UMTS, but it is defined in S1AP – in RANAP only a reference to the S1AP is used. Additionally, the same definition as in S1AP is copied to the X2AP. The UE History Information refers further to cell information. That information is RAT-specific, so LTE cell information is in defined in S1AP (and identically in X2AP), while UMTS cell information is defined in RANAP. Therefore, a change or extension to be made to information stored for each visited cell, like adding the HO cause value, must be made in both, S1AP and RANAP. Additionally, such a change must be reflected in X2AP to maintain the alignment with S1AP, as it is noted in the beginning of chapter 9.2.38 of X2AP. This concerns adding the HO cause value that was agreed at RAN3 #76.
One aspect is exact usage of the HO Cause value that is to be added to the UE history information. It may either be the cause used when the UE arrived to a cell, or the one assigned at handing the UE away. In terms of technical usability both approaches are identical – the same information will eventually be available once a potential ping-pong case is detected. However, the former approach creates exception for the cell where the call was set up – there is no incoming HO to that cell. Therefore, to facilitate implementation, it is proposed to store the outgoing HO cause.

Last question concerns presence of the new information element. Due to backward-compatibility the IE must be encoded as optional, but then its usage can not rely on a single node implementation, because lack of the information may undermine the whole ping-pong detection mechanism in the network. Therefore, usage of the feature must be consistent, in the way that if the PP detection feature is supported, the IE must be included.
X2 notification

In the discussion it has been observed that a UE may return to an eNB different that the one that started the ping-pong event. In order to maintain the SON principles, according to which the information about detected erroneous behaviour is to be made available to the node that is responsible for that, a ping-pong notification should be enabled. Such a notification is to be exchanged between eNBs, but since ping-pong is by definition a short-time event, it is assumed X2 connectivity is maintained between the originating and the detecting eNBs. Hence, only X2 signalling is needed.
The first question concerns the information that is to be passed to the originating eNB. In minimal case, it can be just the notification, without any other information. This approach is easy, but does not allow for any analysis of the problem. Such analysis may require:
· the source cell that the PP HO was executed from;

· the target cell in other RAT that the PP HO was executed toward;

· the cell that the UE returned to;

· the cause of the first HO of the possible ping-pong (e.g. if it was due to radio reason, further verification of the coverage may be needed).

Other information that is present in the UE history is less critical for the inter-RAT ping-pong case. Therefore, passing all the UE history to the originating eNB would be extravagant.

The information listed above may be passed either with a new class-2 procedure, or an existing procedure may be extended to carry it – if an appropriate candidate is found. One option might be the Handover Report procedure. The HO REPORT messages contains extendable HO report type, HO cause value and 2 mandatory ECGIs. Moreover, the procedure is used for MRO purposes, so it is part of SON framework. It may therefore be extended so that in case of inter-RAT ping-pong notification, the following IEs are present:
· existing IE “Handover Report Type” is extended to enable using the message for ping-pong notification;

· existing IE “Handover Cause” is used to inform about the HO cause used at the first PP HO;

· existing ECGI IEs are used to inform about the source cell of the originating eNB the target cell of the detecting eNB;

· a new, conditional IE is used to inform about the target cell in the other RAT;

Additionally, corresponding changes are needed in the procedural text. However, overall modifications are rather small.

3 Summary

In this paper the changes needed for ping-pong detection are described. In short, those changes should be applied to:
· S1AP:
LTE cell information (HO cause value) and its usage;
· RANAP:
UMTS cell information (HO cause value) and its usage;

· X2AP:
LTE cell information (HO cause value) – alignment with S1AP – and 
HO REPORT for inter-RAT ping-pong notification.

It is proposed to agree the implementation proposed above. The CRs with the needed changes are also provided in [1], [2], [3] and [4].
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