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Introduction
At TSG-RAN WG3 #109-e meeting, some agreements on UHI in MR-DC scenario have been achieved as below. 
	Enhancement of UE History Information for Secondary Node applies to all MR-DC scenario.
UE history information of secondary node includes: PSCell list, time UE stayed in the cell.
It is beneficial if the MR-DC based UHI and the legacy UHI are correlated when received. Whether this is feasible and the details of the solution are FFS.
Open issues for next meeting:
FFS for Cell type, HO cause value be collected for UE history information of secondary node.
FFS Which node (MN or SN or both) collects UE history information(network side) for Secondary Node.
FFS enhance UE history information from the UE for Secondary Node


In this contribution, we continue to discuss some FFS issue on UHI.
Discussion`
2.1 FFS enhance UE history information from the UE for Secondary Node
For traditional MN UHI, UHI from UE and UHI kept in network can be used together to facilitate handover, and the function of SN UHI is similar with that of MN UHI. 
But there is some difference for SN UHI. For the PSCell ID in UHI of SN, UE may be not aware of the CGI of PSCell for the SN is not required to broadcast system information other than radio frame timing and SFN. So, the PSCell ID in UHI from UE may take the form of PCI/frequency alternatively.
For UHI kept in network, CGI of PSCell can still be used in UHI of SN. So, there may be some inconvenience when using UHI and UHI from UE together for different form of PSCell ID.
Although inconvenient, we propose to enhance UHI from UE for SN because network can use it to facilitate PSCell change.
Proposal 1: It is proposed to include PSCell ID and time UE stayed in PSCell in UHI from UE.
Proposal 2: It is proposed that PSCell ID in UHI from UE takes the form of PCI/frequency alternatively while PSCell ID in UHI still takes the form of CGI.
2.2 Co-related structure for MN and SN UHI
It has been agreed that UHI of MN and SN should be co-related and we discuss the structure of UHI, there are two solutions:
Solution1: two dimensional array
The first dimension of the two dimensional array is used to represent PCell, and the second dimension is used for PSCell. There is an instance as figure 1 showing the changing path: 
Step 1: (PCell: 0, PSCell: 0) -> ( PCell: 0, PSCell: 2): PSCell change.
Step 2: (PCell: 0, PSCell: 2) -> ( PCell: 0): PSCell remove.
Step 3: (PCell: 0) -> ( PCell: 1, PSCell: 1): handover and PSCell addition.
Step 4: (PCell: 1, PSCell: 1) -> ( PCell: 1): PSCell remove.


Figure1: two dimensional array
When PCell is changed, the next node for the first dimension is used. When PCell is unchanged and PSCell is changed, the next node for second dimension is used. 
When PSCell is removed such as the node(SN:X) in figure 1, it is proposed that the PSCell ID in Last Visited PSCell Information is absent and the time UE stay may be used to express the time without PSCell.
The tabular for solution 1 is described as below:
[bookmark: _Toc20955259][bookmark: _Toc29503708][bookmark: _Toc29504292][bookmark: _Toc29504876][bookmark: _Toc36553322][bookmark: _Toc36555049][bookmark: _Toc45652361][bookmark: _Toc45658793][bookmark: _Toc45720613][bookmark: _Toc45798493][bookmark: _Toc45897882][bookmark: _Toc51746086]UE History Information:
	IE/Group Name
	Presence
	Range
	description

	Last Visited Cell Item
	
	1..<maxnoofCellsinUEHistoryInfo>
	

	>Last Visited Cell Information
	M
	
	One item for MN UHI

	> Last Visited PSCell List
	
	0..1
	new SN UHI

	>> Last Visited PSCell Item
	
	1..<maxnoofPSCellsinUEHistoryInfo>
	

	>>> Last Visited PSCell Information
	M
	
	One item of SN UHI. 



	Range bound
	Explanation

	maxnoofCellsinUEHistoryInfo
	Maximum no. of cells in the UE history information. Value is 16.

	maxnoofPSCellsinUEHistoryInfo
	Maximum no. of PScells in the UE history information. Value is 16.


Last Visited PSCell Information
	IE/Group Name
	Presence
	Range
	description

	PSCELL ID
	O
	
	When PSCell is removed, the PSCell ID in Last Visited PSCell Information is absent and the time UE stay may be used to express the time without PSCell.

	Time UE Stayed in PSCell
	M
	INTEGER (0..4095)
	


Solution2: one dimensional list
Whether PCell or PSCell changed, a new item shall be updated in visited cell list. There is an instance as figure 2 showing the same changing path as figure1:


Figure2: one dimensional list
Whenever PCell or PSCell is changed, the next node is used.
The tabular for solution 2 is described as below:
UE History Information:
	IE/Group Name
	Presence
	Range
	description

	Last Visited Cell Item
	
	1..<maxnoofCellsinUEHistoryInfo>
	The number of list should be enlarged.

	>Last Visited Cell Information
	M
	
	One item for MN UHI

	> Last Visited PSCell Information
	O
	
	One item of SN UHI. 


Last Visited PSCell Information
	IE/Group Name
	Presence
	Range
	description

	PSCELL ID
	M
	
	This is mandatory present for solution 2.

	Time UE Stayed in PSCell
	M
	INTEGER (0..4095)
	


Solution1 is clearer than solution2, but shall waste more resources. For two dimension array with 16 items reserved per dimension, there will be 256 items totally.  While for one dimensional list, we may not reserve so many resources.
We slightly prefer solution 1 for simplicity.
Proposal 3: It is proposed RAN3 to discuss two solutions for the UHI structure of MN and SN and we slightly recommend solution 1 for simplicity.
2.3 FFS for Cell type, HO cause value in SN UHI
For the information in the UHI of SN, Cell type, HO cause value is FFS. Cell type is used to indicate cell coverage and may assist in handover target cell selection, but actually it is rarely used in UHI of MN and occupies many storage spaces. So, we propose not to include cell type in UHI of SN. For HO cause, UE is not aware of HO cause and cannot record it.
Proposal 4: It is proposed not to include cell type and HO cause value in UHI of SN.
2.4 Which node (MN or SN or both) collects UHI(network side) for SN.
First of all, it is unreasonable for MN and SN to maintain their own UHI because UHI of MN and SN should be co-related and SN UHI and MN UHI shall not be kept in different node, otherwise it is not easy to combine MN UHI with SN UHI.
When MN and SN UHI all kept in SN, UE context and UHI is removed in case SN release, while MN acting as an anchor, it can always keep UHI and sends UHI to SN when needed. So, it is suitable for MN taking the responsibility to keep the UHI.
Proposal 5: It is proposed MN to take the responsibility for keeping the UHI.
SN may inform MN about PSCell change obviously and Location Information shall be used. In the SN initiated modification of PSCell without MN involved procedure, MN is not aware of the PSCell change. It is proposed to inform MN the PSCell change after SN initiated modification for MN updating UE history information.
In one word, MN can get real time PSCell change information by current specification.
Proposal 6: It is feasible for MN to get real time PSCell change information and update UHI.
MN could transfer UE history information to SN during the process of SN Addition/Modification. SN selects appropriate PSCell with reference of UE history information.
Proposal 7: It is proposed to add UE history information in SN addition and SN modification message. 
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]According to the analysis in section 2, we have:
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 1: It is proposed to include PSCell ID and time UE stayed in PSCell in UHI from UE.
Proposal 2: It is proposed that PSCell ID in UHI from UE takes the form of PCI/frequency alternatively while PSCell ID in UHI still takes the form of CGI.
Proposal 3: It is proposed RAN3 to discuss two solutions for the UHI structure of MN and SN.
Proposal 4: It is proposed not to include cell type and HO cause value in UHI of SN.
Proposal 5: It is proposed MN to take the responsibility for keeping the UHI.
Proposal 6: It is feasible for MN to get real time PSCell change information and update UHI.
Proposal 7: It is proposed to add UE history information in SN addition and SN modification message. 
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[bookmark: _Toc14165662]Start of the first change
[bookmark: _Toc20403048][bookmark: _Toc29372554][bookmark: _Toc46502101][bookmark: _Toc51971449][bookmark: _Toc52551432]15.5.4	UE History Information from the UE
The source NG-RAN node collects and stores the UE History Information for as long as the UE stays in one of its cells.
MN node collects and stores the UE History Information for MN and SN for as long as the UE stays in one of its cells.
The UE may report the UE history information when connecting to a cell of the NG-RAN node.
[bookmark: _GoBack]When information needs to be discarded because the list is full, such information will be discarded in order of its position in the list, starting with the oldest cell record. If the list is full, and the UE history information from the UE is available, the UE history information from the UE should also be discarded.
The resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the NG and XN interfaces, which provide the target NG-RAN node with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target NG-RAN node to start collection and storage of UE history Information and thus to propagate the collected information.
The resulting information is also used in subsequent SN Addition, SN Modification or SN Change by means of the SN related procedures over the XN interfaces, which provide the target SN with a list of previously visited PSCells and associated (per-cell) information elements.
End of the last change
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