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1
Introduction

At RAN3#83 the problem of different encoding schemes for the Handover Cause Value IE across the S1 and X2 interfaces was highlighted (see [1]). This issue is relevant because the Handover Cause Value IE is present in the UE History Information IE, which is used to record handover history across both the S1 and X2 interfaces. Not knowing according to which interface the Handover Cause Value IE was set may result in wrong interpretation of such IE. 
In this paper a solution for this problem is presented and proposed.
2
Solutions proposed so far
In [1] a number of solutions were presented. The solutions that, according to the descriptions in [1] and discussions in RAN3#83, seem to be the most accredited together with a short analysis of them are as follows:
1) Encoding of the HO cause according to the last interface used; 
This solution proposes to decode the UE History Information IE at every handover and re-encode it according to the encoding rules of the last used interface. However, it is not a good design practice to impose decoding and re-encoding of an IE. Therefore this solution comes with the disadvantage of extra processing and it anyways implies a change of implementation.
3) Detection based on values of typical HO causes (problem with zero)
This solution proposes to use only a limited range of encoding parameters as handover cause. Besides the issue already detected with the “zero” value, which is used for “Unspecified” handover cause over S1 and for “Handover Desirable for Radio Reasons” handover cause over X2, this solution may not be compatible with implementations that are using other cause values as handover cause. In fact, cause values have been left free to flexible usage. Hence it is not possible to assume that only a limited number of cause values is used for handovers.
6) Add a HO interface flag to the history info
This solution would imply to add a flag in all cases, even when mobility is done only over one interface, which is very likely in deployments where eNBs are continuously connected via X2. Hence, this solution would imply to add redundant information in cases where it could be avoided
3 Proposed Solution
The issue pointed out in [1] is relevant and given that the UE History Information is used in general to derive mobility information for the purpose of, e.g. diagnose mobility failures or performance issues, it is important that it can be deduced over what interface the HO listed was carried out and according to what interface the Handover Cause Value IE was encoded. 

A solution proposed for this problem is to add one extra IE to the Last Visited E-UTRAN Cell Information IE contained in the UE History Information IE, indicating the encoding according to the X2 interface, which is the interface mostly used for handovers in LTE.

This IE can be optional and only present when the HO is not carried out over X2. In this way it is possible to minimise the amount of information added to the UE History Information IE because the new IE can be omitted in most of the cases, namely it can be omitted every time the HO occurs over the X2 interface.

In fact, for those NBs where the HO only occurs over X2, e.g. clusters of eNBs connecting to the same MME pool and connected amongst each other via the X2 interface, it may be even possible to omit support of such IE.
An example of how the new IE could be introduced in the Last Visited E-UTRAN Cell Information IE is shown in Figure 1.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	

	Global Cell ID
	M
	
	ECGI

9.2.14
	
	

	Cell Type
	M
	
	9.2.42
	
	

	Time UE stayed in Cell
	M
	
	INTEGER (0..4095)
	The duration of the time the UE stayed in the cell in seconds. If the UE stays in a cell more than 4095s, this IE is set to 4095.
	

	Time UE stayed in Cell Enhanced Granularity
	O
	
	INTEGER (0..40950)
	The duration of the time the UE stayed in the cell in 1/10 seconds. If the UE stays in a cell more than 4095s, this IE is set to 40950.
	

	HO Cause Value
	O
	
	9.2.6
	The cause for the handover from the E-UTRAN cell.
	

	HO Cause Value2
	O
	
	
	The cause for the handover from the E-UTRAN cell according to the X2 interface coding. Only present if the HO occurred over S1 interface
	


Figure 1: Example of enhanced Last Visited E-UTRAN Cell Information IE, indicating the HO cause value according to the X2
It is therefore proposed to solve the issue initially pointed out in [1] by adopting the solution outlined above and shown in Figure 1.

Proposal: It is proposed to solve the issue of different coding of the Handover Cause Value IE in the UE History Information IE by adding a new IE in the Last Visited E-UTRAN Cell Information IE, stating the cause value according to the X2 interface.

4
Conclusions
In this paper an analysis of the problem of different encoding of the Handover Cause Value over different interfaces has been discussed. The problem is considered relevant and a solution would be beneficial for an unequivocal interpretation of the UE History Information IE.
An analysis of different solutions previously proposed was presented, showing that each solution seems to be affected by drawbacks. 

A new solution was proposed, consisting of adding a new flag to the Last Visited E-UTRAN Cell Information IE, indicating the Handover Cause Value as per X2 interface. This IE would only be added when the handover is performed over the S1 interface. The following is proposed:

Proposal: It is proposed to solve the issue of different coding of the Handover Cause Value IE in the UE History Information IE by adding a new IE in the Last Visited E-UTRAN Cell Information IE, stating the cause value according to the X2 interface.
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