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1
Introduction

In [1] EARFCN is suggested to be added in the Last Visited Cell List (not treated). Adding EARFCN is useful for identifying Ping-Pong between frequency layers. Scenarios where knowledge of EARFCN is useful are discussed in [1]. The benefit of using the handover history to carry this information is that we can analyse the UE behaviour in a longer time span. If this is not added to the UE history, each cell can still analyse the inter frequency handovers but only count the number of handovers performed to other neighbours and not what happens to a UE during longer time. 
2
Adding EARFCN and HO cause to the UE History
It will be beneficial to use EARFCN for identifying Ping-pong between frequency layers [1]. 

Proposal 1: The EARFCN shall be indicated in the ‘Last Visited Cell List’ IE to indicate inter-frequency handover. 
However, inter frequency handover can be caused by different reasons, for example:

· Load balancing - where UEs are moved between frequencies to balance the load of these frequencies

· Coverage – Where the UE is forced to change frequency, since the quality of the serving cell has deteriorated and there is no alternative neighbour on the same frequency

· Service – a particular service might be available only on one carrier. 
Without knowing the cause for the handover, it is very difficult to properly analyse the inter layer handover to optimize the behaviour. This is also illustrated in the following examples:
Figure 1 depicts one coverage problem, which has a discontinuously deployment between Pico cells. In some of the Pico cells, the border of the radio coverage is rather week, and the UE will be handed over to the Macro layer. Note that in the example below, the UE is changing frequency quite frequently, but only once in every macro. Therefore, it may be difficult for a single eNB to detect that this is a problem.


[image: image1]
Figure 1. Handovers due to coverage problems

In another example, depicted in figure 2, some of the cells in the micro layer are highly loaded (red) and the UE is therefore moved to the macro layer to balance the load. Without the cause value, the resulting handover history will be quite similar for both these two cases. So, without a cause value, it is difficult to correctly identify the root cause to the frequent handovers.

[image: image2]
Figure2. Handovers due to load balancing (red cell highly loaded).

So in order to be able to properly analyse the observed HO behaviour in order to optimize HO decisions, it will be also beneficial to add HO cause. 

Proposal 2: For inter layer Hand-Over, cause value shall be added to ‘Last Visited Cell List’ IE. 
3
Summary

In this contribution, including a inter frequency handover cause to the UE history information is discussed as a supplement to the EARFCN previously suggested.  We therefore suggest introducing the handover cause into UE historical data besides EARFCN added to ‘Last Visited Cell List’ IE.

We suggest that at least, the following cause values are added:

· Coverage

· Load balancing

· Service

Proposal 1: The EARFCN shall be indicated in the ‘Last Visited Cell List’ IE to indicate inter-frequency handover. 
Proposal 2: For inter layer Hand-Over, cause value shall be added to ‘Last Visited Cell List’ IE. 
Text proposal is captured below and if agreeable, Huawei volunteers to write CR needed.
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UE-HistoryInformation
The UE-HistoryInformation IE contains information about the cells where UE has been visited before the handover is performed
UE-HistoryInformation information element
-- ASN1START

UE-HistoryInformation ::=
SEQUENCE (SIZE (1..maxVistedCells)) OF SEQUENCE {


lastVistedCellID



CellIdentity,


cellType





ENUMERATED
{ pico, micro, macro },


timeUE-StayedInCell



INTEGER (0),




-- type and value range FFS
EARFCN                          INTEGER(0..1023)

handoverCause 




ENUMERATED
{ coverage, load-balancing, service...},


...

}

-- ASN1STOP
	UE-HistoryInformation field descriptions

	lastVisitedCellID
Cell Identity

	cellType
The type of the cells where UE recently visited before the handover

	timeUE-StayedInCell
The duration while the UE stayed in the cell in second. 

	EARFCN

This identifies the frequency layer which UE visited. 

	handoverCause
The cause of the UE handover from the recently visited cell.
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