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1	Introduction
[bookmark: _Toc474247438]Since RAN3 meeting #116, RAN3 tries to solve the issue of correlating the SCG UHI with MCG UHI. The problem is that if the UE stays in a PSCell longer than the max stay time, the time is not counted longer and the MN may not be able to calculate to which PCell the SCG UHI should be attributed. So far, the main options considered were:
1) Timestamps (proposal likely abandoned)
2) Adding more entries to the SCG UHI to add more time per PSCell (possibly, with extending the length of the list)
3) Adding a multiplier to a cell entry that enables virtual multiplication of the entries (never presented in paper).
Since option 3 has never been presented in paper, we submit this proposal here.
2	Discussion
The most popular option 2 has one drawback: it still limits the preceise time calculation to about 9 hours. It was proposed to be extended to 18 hours by duplicating the number of entries in the SCG UHI list. This solutions is, however, non-backward compatible. Such approach would likely be acceptable, but only if there is no good alternative.
Proposal 1: RAN3 shall keep the principle that non-backward compatible solutions are exceptions and considered only if there is no good alternative.
Additionally, extending the list would have negative impact on the signalling “weight”.
With this in mind, we could review two options: options 2 without extending the list, or option 3.
Options 2 (i.e. enabling multiplying entries for the same cell) without extending the list
In this case, the max duration is limited to about 9 hours. However, as observed in an offline discussion, once the list is full, the new entries push off the oldest ones. Therefore, if the SN sends the SCG UHI in the MN requests being provided with the SCG UHI whenever PSCell changes and the SN does so also in case of adding an entry for the same cell, the MN may keep the track irrespectively from the number of entries in the SCG UHI list.
Observation 1: If the “subscribing” to PSCell changes results in submitting the SCG UHI whenever a new entry is added to the SCG UHI, then the MN may keep track of the PSCell duration even if the SCG UHI list is full. 
Option 3 (i.e. adding optional multiplier)
Here, a multiplier is added to the PSCell entries, which is included once the stay time exceeds the max value. The MN can count the time with a simple formula: 
ActualStayTime = ReportedStayTime + MaxStayTime × Multiplier 
// if not included, the multiplier is assumed 0
In reality, this is a kind of “virtual” multiplication of the entries, but nearly unlimited and without the impact on the signalling size.
Observation 2: The multiplier offers all the benefits of virtually unlimited multiplication of the entries, but is backward-compatible and does not impact signalling size.
Considering the above, we think option 3 is the optimal one. 
Proposal 2: Option 3 (i.e. adding an optional multiplier to a PSCell entry) is the optimal solution to the problem, and while being fully backward-compatible, has no limitations of the options 2.
However, if RAN3 prefers so, we may also consider options 2 in the backward-compatible form (i.e. without extending the list of cells).
3	Conclusions
In this paper, we describe in details a solution to enable MN-SN UHI correlation in case the UE stays in a PSCell longer than the max stay time. Considering that the timestamp-based solution is abandoned, we compare the solution based on multiplication of entries with the solution based on adding a virtual multiplier. We make following observations and proposals:
Proposal 1: RAN3 shall keep the principle that non-backward compatible solutions are exeptions and considered only if there is no good alternative.
Observation 1: If the “subscribing” to PSCell changes results in submitting the SCG UHI whenever a new entry is added to the SCG UHI, then the MN may keep track of the PSCell duration even if the SCG UHI list is full. 
Observation 2: The multiplier offers all the benefits of virtually unlimited multiplication of the entries, but is backward-compatible and does not impact signalling size.
Proposal 2: Option 3 (i.e. adding an optional multiplier to a PSCell entry) is the optimal solution to the problem, and while being fully backward-compatible, has no limitations of the options 2.
Draft CRs implementing the option 3 are proposed in Annexes below.
Annex 1: draft CR to TS 36.413
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[bookmark: _Toc98531662][bookmark: _Toc105517734][bookmark: _Toc106108625]9.2.1.161	Last Visited PSCell Information
The Last Visited PSCell Information may contain cell specific information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PSCell ID
	O
	
	PSCell Information
9.2.1.141
	This IE is present when the SCG resources are configured for the UE.
	-
	-

	Time Stay
	M
	
	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.
Or the duration of the time when no SCG resources are configured for the UE.
	-
	-

	Time stay multiplier
	O
	
	INTEGER (1..256)
	This IE is present when the stay time exceeds 4095s.
	YES
	reject
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Annex 2: draft CR to TS 38.413
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[bookmark: _Toc99662440][bookmark: _Toc105152507][bookmark: _Toc105174313][bookmark: _Toc106109311][bookmark: _Toc107409769]9.3.1.235	Last Visited PSCell Information 
The Last Visited PSCell Information may contain cell specific information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PSCell ID
	O
	
	NG-RAN CGI
9.3.1.73
	This IE is present when the SCG resources are configured for the UE.
	-
	-

	Time Stay
	M
	
	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.
Or the duration of the time when no SCG resources are configured for the UE.
	-
	-

	Time stay multiplier
	O
	
	INTEGER (1..256)
	This IE is present when the stay time exceeds 4095s.
	YES
	reject
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Annex 3: draft CR to TS 37.340
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[bookmark: _Toc109124672]13.3	SCG UE history information
The MN stores and correlates the UE History Information from MN and SN(s) as long as the UE stays in MR-DC, forwards UE History Information and optional UE History Information from the UE to its connected SNs. The resulting information is then used by SN for dual-connectivity operation. The SN is in charge of collecting SCG UE history information and providing the collected information to the MN.
For the correlation, the MN uses the stay time reported in each of the PSCell entries. If the stay time multiplier is included in an entry in the SCG UE history information, it indicates how many max stay time values the MN shall add to the reported stay time.
The SN shall provide the collected SCG UE history information, if available, to the MN in the following procedures:
-	the SN Release, and SN initiated SN Change procedures
-	the MN initiated SN Modification procedure if requested by the MN in this procedure
-	the SN initiated SN modification procedure upon PSCell change if subscribed in the SN Addition procedure
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