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1. Introduction 
In the last RAN3 meeting (R3-109-e), following agreements were made on the topic of UE History Information (UHI) in EN-DC:

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.

To-be-continued: Feasibility of correlating MN and SN UE history.

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:

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.

This paper continues the discussion [1] from last meeting for supporting UE History Information in EN-DC.

2. Discussion
The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell. The source NG-RAN collects and stores the UE History Information (UHI) for as long as the UE stays in one of its cells.
UHI is communicated from the source NG-RAN to the target NG-RAN during handover (via HANDOVER REQUEST) or from the old NG-RAN to the new NG-RAN during reestablishment (via RETRIEVE UE CONTEXT RESPONSE), with a list of previously visited cells prior to the target/new cell.
UHI in Rel-16 only includes the mobility history information of PCells i.e. only the MN mobility history. In last RAN3 meeting, it was agreed to enhance UHI to include Secondary Node (SN) information as well for all MR-DC scenarios as captured by the agreement below:

Enhancement of UE History Information for Secondary Node applies to all MR-DC scenario.

2.1 Stage-3 details and co-relation of SN UHI with MN UHI 

In last meeting, following agreements were made:

UE history information of secondary node includes: PSCell list, time UE stayed in the cell.
FFS for Cell type, HO cause value be collected for UE history information of secondary node.

Currently, when network records and reports the UE History Information of MN, it also includes a “Cell Type” IE along with MN Cell ID and time UE stayed in MN cell. Cell Type IE provides the cell coverage area i.e. whether cell size is very small, small, medium or large.
MN and SN cell sizes can be very different and therefore indicating the cell size of SN as well in SN UHI can help understand the SN mobility better to assist in SN mobility optimization. Also to be consistent with MN UHI, we propose to also include Cell Type in UE history of SN.

Proposal 1: UE history of secondary node should also include Cell type (indicates cell size of SN) in addition to PSCell list and time UE stayed in the cell

Another open item was whether to enhance HO cause in UE history information to distinguish different SN procedures such as MN initiated SN modification, Secondary Node Addition etc. We don’t see much benefit in including this in UE history information as both MN and SN can identify the type of SN procedure based on the signalling used and not much use in recording this in SN UHI.
Another open issue from last meeting is highlighted below:
To-be-continued: Feasibility of correlating MN and SN UE history.
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
As agreed in last meeting, it is beneficial if the MN UHI and SN UHI can be used together i.e. in a correlated fashion to optimize mobility. The essence is that for each PCell it should be possible to understand the chronological sequence of PSCells the UE was connected to.
We therefore propose to enhance “UE History Infomation” IE in X2, Xn, NG and S1 with the list of visited PSCells (upto 16 PSCells) for each last visited PCell. 
Proposal 2: Enhance “UE History Information” in X2, Xn, NG and S1 to include PSCell history information with the list of visited PScells (upto 16 PSCells) for each last visited PCell
2.2 Which node (MN or SN) collects UE history information (network side) for SN?
FFS Which node (MN or SN or both) collects UE history information (network side) for Secondary Node.
In order to enhance UHI with PSCell mobility history information, we need to keep track of all SN related procedures undergone by the UE such as SN addition, SN release, SN change, SN modification etc. UHI is meant to enable avoiding issues like ping-pongs so it is relevant for the node that controls mobility. In typical scenario, SN is responsible so SN UHI is enough for the SN.
In this subsection, we discuss which node (whether MN or SN) should collect the UE history information for SN and discuss different approaches. 
Following 2 approaches were considered and discussed in last meeting:

· Approach 1: SN collect UHI in the source SN, SN provides UHI to MN, MN provides UHI to target SN 

· Approach 2: MN collects UHI of old SN, MN provides old SN UHI to target SN
The drawback with approach 2 is that MN may not be aware of intra-SN PSCell changes and can’t track those. We therefore propose to go ahead with approach 1. We therefore have the following proposal:

Observation 1: MN is not aware of intra-SN PSCell changes and can’t capture such SN mobility if MN node is responsible for collecting SN mobility history

Proposal 3: The source SN records the mobility history information of PSCell and propagate this information to the target SN through MN.
In this approach, the target SN always gets the history information of PSCell through MN. There are two steps involved:
· Step 1: MN gets the history information of PSCell from the source SN

· Step 2: MN sends the history information of PSCell to the target SN

Figures 1-4 depicts how UHI (including PSCell history information) is collected and forwarded in different SN change procedures :

· SN Addition (Figure 1): MN forwards the UHI to the SN which is being added via SN Addition Request message.

· SN Change (Figure 2): Source SN sends the UHI to MN via SN Change Required message and MN forwards UHI to target SN using SN Addition Request message

· SN Release – MN initiated (Figure 3): SN sends the UHI to MN using SN Release Request Acknowledge message

· SN Release – SN initiated (Figure 4): SN sends the UHI to MN using SN Release Required message
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Figure 1: SN Addition procedure
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Figure 2: SN change procedure - SN initiated
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Figure 3: SN release procedure - MN initiated
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Figure 4: SN release procedure - SN initiated

To cover all MR-DC scenarios (including EN-DC), the following messages need to be enhanced to carry the history information of PSCell:

· SN Addition: SN ADDITION REQUEST, SENB ADDITION REQUEST, SGNB ADDITION REQUEST

· SN Release:
· MN initiated SN release: SN RELEASE REQUEST ACKNOWLEDGE, SGNB RELEASE REQUEST ACKNOWLEDGE
· SN initiated SN release: SN RELEASE REQUIRED, SENB RELEASE REQUIRED, SGNB RELEASE REQUIRED
· SN Change

· SN initiated SN release: SN CHANGE REQUIRED, SGNB CHANGE REQUIRED
SN Modification procedure is used to modify, establish or release bearer contexts, to transfer bearer contexts to and from the SN or to modify other properties of the UE context within the same SN. Since SN modification does not involve any node change, we think we don’t need to distinguish the PSCell mobility history with every SN modification.
Proposal 4: Add “UE history information” IE in the following SN messages over XnAP and X2AP:

i)       SN addition messages (SN ADDITION REQUEST, SENB ADDITION REQUEST, SGNB ADDITION REQUEST)

ii)       SN Release messages (SN RELEASE REQUEST ACKNOWLEDGE, SGNB RELEASE REQUEST ACKNOWLEDGE, SN RELEASE REQUIRED, SENB RELEASE REQUIRED, SGNB RELEASE REQUIRED)
iii) SN Change messages (SN CHANGE REQUIRED, SGNB CHANGE REQUIRED)

Proposal 5: As SN modification procedures does not involve any node change, UE History Information is not included in any SN modification messages
3. Conclusion

Observation 1: MN is not aware of intra-SN PSCell changes and can’t capture such SN mobility if MN node is responsible for collecting UE mobility history of SN

Proposal 1: UE history of secondary node should also include Cell type (indicates cell size of SN) in addition to PSCell ID and time UE stayed in the PSCell
Proposal 2: Enhance “UE History Information” in X2, Xn, NG and S1 to include PSCell history information with the list of visited PScells (upto 16 PSCells) for each last visited PCell
Proposal 3: The source SN records the mobility history information of PSCell and propagate this information to the target SN through MN
Proposal 4: Add “UE history information” IE in the following SN messages over XnAP and X2AP:

i)       SN addition messages (SN ADDITION REQUEST, SENB ADDITION REQUEST, SGNB ADDITION REQUEST)

ii)       SN Release messages (SN RELEASE REQUEST ACKNOWLEDGE, SGNB RELEASE REQUEST ACKNOWLEDGE, SN RELEASE REQUIRED, SENB RELEASE REQUIRED, SGNB RELEASE REQUIRED)

iii) SN Change messages (SN CHANGE REQUIRED, SGNB CHANGE REQUIRED)

Proposal 5: As SN modification procedures does not involve any node change, UE History Information is not included in any SN modification messages
4. References

[1] R3-205659 Summary of Offline for MR-DC UHI
5. Sample TP to X2AP (TS 36.423) 
9.2.38
UE History Information

The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell. The overall mechanism is described in TS 36.300 [15].

NOTE:
The definition of this IE is aligned with the definition of the UE History Information IE in TS 36.413 [4].

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

	Last Visited Cell List
	
	1..<maxnoofCells>
	
	Most recent information is added to the top of this list
	–
	

	>Last Visited Cell Information
	M
	
	9.2.39
	
	–
	

	>Visited PScells
	
	0..1
	
	
	
	

	>>Visited PScells
	
	1..<maxnoofCells>
	
	Most recent information is added to the top of this list.
	
	

	>>>Last Visited PSCell Information
	M
	
	9.2.39
	
	
	


	Range bound
	Explanation

	maxnoofCells
	Maximum number of last visited cell information records that can be reported in the IE. Value is 16.


6. Sample TP to XnAP (TS 38.423) 
9.2.3.64
UE History Information

The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell. The overall mechanism is described in TS 36.300 [12].

NOTE:
The definition of this IE is aligned with the definition of the UE History Information IE in TS 38.413 [5].

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Last Visited Cell List
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list

	>Last Visited Cell Information
	M
	
	9.2.3.65
	

	>Visited PScells
	
	0..1
	
	

	>>Visited PScells
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list.

	>>>Last Visited PSCell Information
	M
	
	9.2.3.65
	


	Range bound
	Explanation

	maxnoofCellsinUEHistoryInfo
	Maximum number of last visited cell information records that can be reported in the IE. Value is 16.


7. Sample TP to S1AP (TS 36.413) 
9.2.1.42
UE History Information

The UE History Information IE contains information about cells that a UE has been served by in active state prior to the target cell.

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

	Last Visited Cell List
	
	1 .. <maxnoOfCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list.
	-
	-

	>Last Visited Cell Information
	M
	
	9.2.1.43
	
	-
	-

	>Visited PScells
	
	0..1
	
	
	
	

	>>Visited PScells
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list.
	
	

	>>>Last Visited PSCell Information
	M
	
	9.2.1.43
	
	
	


	Range bound
	Explanation

	maxnoOfCellsinUEHistoryInfo
	Maximum length of the list. Value is 16.


8. Sample TP to NGAP (TS 38.413) 
9.3.1.95
UE History Information
This IE contains information about cells that a UE has been served by in active state prior to the target cell.

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

	Last Visited Cell Item
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list.

	>Last Visited Cell Information
	M
	
	9.3.1.96
	

	>Visited PScells
	
	0..1
	
	

	>>Visited PScells
	
	1..<maxnoofCellsinUEHistoryInfo>
	
	Most recent information is added to the top of this list.

	>>>Last Visited PSCell Information
	M
	
	9.3.1.96
	


	Range bound
	Explanation

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