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1 Introduction
The problem of short stay, of which a ping-pong HO is an example, is not new. It has been raised in some contributions to RAN3 #73-bis ([1],[2]). In the discussion, its severity and the need for solution have been questioned. In this paper we focus therefore on two aspects: first, we remind what are the consequences of leaving the problem unattended and then we also present mechanisms in context of MRO that can be employed for its proper handling.

2 Discussion

2.1 Problem definition
Plain short stay situation seem easy to define: it is a situation where a UE moves from cell A in the direction of cell C while passing very shortly serving area of cell B, i.e. the UE performs a handover from cell A to cell B, and shortly after with very short stay time in cell B a handover from cell B to cell C. This becomes a problem if performance losses due to increased signalling load or packet forwarding are higher than gains from more optimal cell connection. This is valid, of course, only if avoiding passing through the cell is possible without even worse losses. Assuming the latter, one can consider the severity of a problem defined in such a way.
For intra-LTE, HO is very smooth, especially if performed over X2. The dispensability of one of the two handovers obviously depends on the stay time in the passing cell. The shorter the stay, e.g., in the order of 1-2 seconds, the more essential the issue. The likelihood of occurrence is expected as rather high in particular if HetNets and urban environment are combined: coverage area may be some irregular, that a HO may be triggered when passing through a crossing, which, if done at 40-50 km/h, will result in a very short stay. In case of inter-RAT HOs, HOs are more sensitive in terms signalling complexity and subject to a higher risk of loosing packets during cell change. Therefore, the avoidance of unnecessary handovers is even more important. Passing for a short time another RAT (say cell A RAT1 ( cell X RAT2 ( cell B RAT1) is pingpong from RAT perspective but a short stay from cell perspective. Another inter-RAT short stay case would be that immediately after successful inter-RAT HO UE is handed over to another cell in the new RAT (i.e. 2nd handover is an intra-RAT HO). The genuine inter-RAT short stay would mean that three RAT are involved, i.e. after the first successfull inter-RAT handover follows shortly after a second inter-RAT HO to a third RAT. Also, switching between RATs offering different QoS may result in service degradation.
The discussion about short stays is part of the SON WI. All the methods discussed in SON and aiming at correcting mobility issues follow certain principles: the information about the failure is passed to the node that is expected to be the source of the problem. 
Proposal 1: The problem of short stays shall be addressed in RAN3 and an analysis of the standardisation effort needed to enable its SON-compliant detection and avoidance shall be performed. 
2.2 Solution ingredients
The cell that detects that it must execute a HO for a given UE sooner than the estimated minimum stay time is usually not the one that is guilty for the problem, as in most cases the UE should not have been handed over to it before. Therefore, it should notify the last cell that served the UE properly. Currently, the only existing mechanism for passing the information is based on the UE history information. Every cell that a UE passes through marks roughly its size and the time the UE spent there. In theory, if the UE returns to the cell that triggered a non-optimal HO, it can read UE’s history and detect the problem (assuming the conditions for short stay detection are known there, e.g. the same across the network). Detection of a ping-pong HO is the simplest example of the mechanism. However, if the UE does not return during the same call, the information can not be used anyhow (except of local usage in the cell where the short stay occured). Hence the first needed improvement:

Proposal 2: The first cell that triggered a HO that is later detected as short stay shall be notified about this fact. 
The cell that triggered the first HO resulting in a short stay may then use the provided information to verify if the HO triggering conditions shall be changed. Also it may apply some resolution scheme – in the simplest case, it may just send necessary statistics to the OAM. 

If the mechanism is to follow SON framework, the notification is only the first step: also additional information may be needed to enable correction of the problem. This additional information may be HO cause value, time stayed in the cell, QoS information etc. In particular, the HO cause value is important. Since the HO might have been due to reasons different than radio conditions (e.g. load balancing or traffic steering), different triggers may need to be modified. 
Proposal 3: The short stay notification shall contain also information needed for problem correction, in particular the cause value from the incoming HO (the HO that resulted in the short stay).
Considering the above, the overall solution for short stay detection could be following:

· When a UE is handed to a cell, the controlling eNB estimates the minimum time the UE is expected to stay. The estimation may be based on OAM configuration and possibly the UE history and context passed at the HO procedure.

· If a next HO is needed sooner than the expected minimum time, the eNB adds a flag in the UE history information that the stay was considered too short and executes the needed HO. Also, the HO cause is stored in the UE history information.
· If the stay is longer than the minimum expected duration, but the UE history indicates one or more of the previous stays were too short, the eNB passes necessary information to the cell that in the UE history is marked as the last one where the UE stayed normally.
3 Conclusions and proposal
This paper addresses points raised at the opening discussion on short stay handling at RAN3 #73-bis. In particular, problem definition and needed enhancements are presented. The proposals are following:
1) The problem of short stays shall be addressed in RAN3 and an analysis of the standardisation effort needed to enable its SON-compliant detection and avoidance be performed.

2) The first cell that triggered a HO that is later detected as short stay shall be notified about this fact.
3) The short stay notification shall contain also information needed for problem correction, in particular the cause value from the incoming HO (the HO the resulted in the short stay).
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