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[bookmark: _Ref20905128][bookmark: _Ref178064866]Introduction

In the final release-17 meeting, 116-e, during the SON work item the following was captured,

SN UHI and PCell entries correlation is not possible in the MN if the time UE stayed in PSCell exceeds the maximum value
For several meetings before this there were discussions and acknowledgements on the presence of this problem. The most supported solution was to add an optional timestamp to the PSCell entry in the UHI, if the time UE stayed in PSCell exceeded the maximum value. However, this was not agreed, under the understanding that a solution without stage-3 impact was possible i.e. ”Allow SN to report the same PSCell consecutive times if the stay time is exceeded where the actual stay time is the sum of stay times for a PSCell.”, as described in RAN3#115-e summary of offline discussion in R3-222638.
However, during RAN3#116-e, a contribution proposing to capture the common understanding in stage-2 was discussed but not agreed and there was still no consensus on the solution even after discussions in RAN3#117-e. Which means that a new discussion is needed in order to agree on a solution to UHI correlation issues.
Therefore, in this contribution, we discuss the problem to provide context and give proposals on the way forward to ensure correctness of the feature considering the 3 different solutions discussed up to now and the agreement from RAN3#117-e:
Support UHI for CHO in Rel-17
[bookmark: _Ref52801756]Discussion
[bookmark: _Subscription_of_SN][bookmark: _Ref61342329]Correlated UE history information between MN and SN 
Solution A: Correlation of PCell and PSCell entries using optional timestamp
The below example is from email discussions from RAN3#114-bis-e which shows a scenario where a single PSCell exceeds the time stayed.


According to the discussions, it is possible to perform correlation and get the actual time stayed in PSCell 2 through the use of Time Stamp 3(time of successful connection of PSCell 3) and the ”time stayed without SCG” recorded at the MN. 
However consider the scenario, where 2 consecutive PSCells have exceeded the ¨time stayed in cell” IE as shown below. 


[bookmark: _Toc106887391][bookmark: _Toc107316217][bookmark: _Toc107316243][bookmark: _Toc107317336][bookmark: _Toc107317352][bookmark: _Toc110588961][bookmark: _Toc110589040][bookmark: _Toc110589090][bookmark: _Toc94888493][bookmark: _Toc94888525][bookmark: _Toc94888623][bookmark: _Toc94888657][bookmark: _Toc95322141][bookmark: _Toc95324731]In such scenarios with no subscription, the exact time t4 cannot be determined and when there is inter-MN handovers it is not possible to correlate UHI. In such scenarios, an optional time stamp becomes vital. It is not possible to accurately correlate UHI using only ”time without SCG” when 2 consecutive PSCells have exceeded their threshold and no subscription mechanism exists.
The above problem can be solved through the use of an optional timestamp in the UHI that is only used when the IEs ”time UE stayed in the cell” and ”time UE stayed in secondary cell” exceed their limits. In the above example, the UHIs will contain the following information,
	PCell ID
	Time UE stayed in PCell(s)
	Optional time stamp

	PCell A 
	3000
	

	PCell B
	4095*
	10:50:00

	PCell C
	2400
	

	PCell B
	600
	


	PSCell ID
	Time UE stayed in PSCell(s)
	Optional time stamp

	PSCell A
	100
	

	PSCell B
	2000
	

	PSCell C
	4095*
	10:42:00

	PSCell A
	1200
	



The timestamps can then be used to perform correlation. This would however require the clocks in MN and SN to be synchronized. This can be avoided by also sending the timestamp of SN release. Then MN can then use  the timestamps in the SN UHI together with SN release time and correlate it with MN UHI and the current time at MN.
Thus the solution we were proposing during the initial phase of the discussion was:
[bookmark: _Toc110588962][bookmark: _Toc110589041][bookmark: _Toc110589091][bookmark: _Toc110588963][bookmark: _Toc110589042][bookmark: _Toc110589092]Solution A: An optional timestamp indicating the time of successful PSCell connection in UE History Information that is used only when the IE ”time UE stayed in cell” exceeds the limit can solve the problem of correlation of UHI at the MN. Also, an optional timestamp indicating SN release time in S-NODE RELEASE REQUEST ACKNOWLEDGE and S-NODE RELEASE REQUIRED messages can remove the requirement of clock synchronization required for solution A.
[bookmark: _Messages_for_transfer]Solution B: Correlation of UHI using repeating entries
As described above, an optional time-stamp is a simple solution for correlation. However, consensus on this was not possible in rel-17. An alternative solution is to repeat entries in the PSCell list when the entry exceeds the limit of time stayed in cell. In such a scenario, the PSCell list will contain multiple consecutive entries with the same PSCell id. The MN can then deduce the exact time the UE stayed in the PSCell and then correlate the entries correctly.
Thus the solution we were proposing last meeting was:
[bookmark: _Toc110588964][bookmark: _Toc110589043][bookmark: _Toc110589093]Solution B: Stage-2 clarification on repeating entries of PSCell when the IE ”Time Stay” exceeds the limit in Last Visited PSCell Information can solve the correlation problem. 
The above solution allows for correct correlation at the expense of reduced number of unique PSCell entries in the PSCell list. 
[bookmark: _Toc110588965][bookmark: _Toc110589044][bookmark: _Toc110589094]Repeating PSCell entries on exceeding the time stayed in a cell can lead to reduced unique cell entries leading to potential loss of information.
Thus we’ve also proposed two additional IE extensions:
· Increase number of entries in the PSCell list: Currently the number of entries in PSCell list is 8. This is not large enough as repeating entries might lead to deletion of previous entries of a different PSCell. This is not a problem with the use of subscription to PSCell changes as the MN will obtain the previous entries at PSCell change but is an issue when no subscription is used.
· Extend the range of “time stay” IE: The IE currently has a range from 0 to 4095 seconds. Extending the range by one digit to 40950 seconds will reduce the probability of the IE getting saturated and requiring multiple entries. 
Solution C: Optional Multiplier
During the email-discussions of RAN3#117-e, one company proposed an alternative solution to the correlation problem through the introduction of an optional multiplier that indicates the number of times a PSCell/PCell entry has been repeated. This is related to the repeating entries solution described above while improving the efficiency of unique entries in the PSCell list. This solution however requires both stage-2 and stage-3 changes to accommodate a new type of counter whereas the plain repeating entries (solution B) requires only stage-2 changes to describe the solution.
Observation 3: The optional multiplier indicating repeating entries, proposed in R3-224990 requires both stage-2 and stage-3 changes for the solution whereas plain repeating entries requires only stage-2 changes to accommodate the solution. 
Observation 4: The optional multiplier however solves the issue of inefficient usage of PSCell entries and thus improves the quality of collected UHI.
Way forward
There has already been a lot of discussions in RAN3 during rel-17 on the correlation problem. Solution A, i.e optional time stamps, is a complete solution and is our preferred solution. However, we do not want to reopen big discussions on the topic due to the lack of consensus. Solution B, i.e. repeating entries, seemed slightly more acceptable during previous discussions and thus can be a compromise solution. There is a need for stage 2 clarifications for the same and thus we submit a CR to capture the required changes. 
[bookmark: _Toc110589097]RAN3 to agree on repeating PSCell entries on exceeding the time stayed in a cell to enable correlation as proposed in the stage-2 CR presented in Annex 
[bookmark: _Hlk110892041]RAN3 to agree on increasing the number of entries in the PSCell list and on extending the range of “time stay” IE, as proposed in the stage-3 CR presented in Annex

Repeating entries on dwell time exceeding for PCell
The above section described the solution when the dwell time of PSCell exceeds the limit. During RAN3#117-e some companies proposed a similar solution when the PCell entry exceeds its dwell time too. We believe there is no problem when this happens as previously standardized solutions, namely subscription and query mechanisms can solve the issue if required. However, we also are ok with the repeated entry solution being used optionally for PCell as well to allow for better UHI precision.
Observation 5: Current standards allow solving the PCell dwell time issue without standard changes however optional repeating entries in PCell list will allow for flexibility and better UHI precision
Proposal 3: RAN3 to agree on repeating PCell entries on exceeding the time stayed in a cell
Conclusion
[bookmark: _Hlk12539337]In the above we have made the following observations:
Observation 1: Correlation of PCell and PSCell entries is not possible using the current standardized IEs in the legacy UHI
Observation 2: In such scenarios with no subscription, the exact time t4 cannot be determined and when there is inter-MN handovers it is not possible to correlate UHI. In such scenarios, an optional time stamp becomes vital. It is not possible to accurately correlate UHI using only ”time without SCG” when 2 consecutive PSCells have exceeded their threshold and no subscription mechanism exists.
Observation 3: Repeating PSCell entries on exceeding the time stayed in a cell can lead to reduced unique cell entries leading to potential loss of information.
Observation 4: The optional multiplier however solves the issue of inefficient usage of PSCell entries and thus improves the quality of collected UHI.
Observation 5: Current standards allow solving the PCell dwell time issue without standard changes however optional repeating entries in PCell list will allow for flexibility and better UHI precision

And we propose the following:
Proposal 1: RAN3 to agree on repeating PSCell entries on exceeding the time stayed in a cell to enable correlation as proposed in the stage-2 CR presented in Annex
Proposal 2: RAN3 to agree on increasing the number of entries in the PSCell list and on extending the range of “time stay” IE, as proposed in the stage-3 CR presented in Annex
Proposal 3: RAN3 to agree on repeating PCell entries on exceeding the time stayed in a cell
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	============ Start of Changes ==============
[bookmark: _Toc90725895][bookmark: _Toc52568348][bookmark: _Toc29248369][bookmark: _Toc46492822][bookmark: _Toc37200956]10.6	PSCell change
In MR-DC, a PSCell change does not always require a security key change.
If a security key change is required, this is performed through a synchronous SCG reconfiguration procedure towards the UE involving random access on PSCell and a security key change, during which the MAC entity configured for SCG is reset and RLC configured for SCG is re-established regardless of the bearer type(s) established on SCG. For SN terminated bearers, PDCP is re-established. In all MR-DC options, to perform this procedure within the same SN, the SN Modification procedure as described in clause 10.3 is used, setting the PDCP Change Indication to indicate that a S-KgNB (for EN-DC, NGEN-DC and NR-DC) or S-KeNB (for NE-DC) update is required when the procedure is initiated by the SN or including the SgNB Security Key / SN Security Key when the procedure is initiated by the MN. In all MR-DC options, to perform a PSCell change between different SN nodes, the SN Change procedure as described in clause 10.5 is used.
If a security key change is not required (only possible in EN-DC, NGEN-DC and NR-DC), this is performed through a synchronous SCG reconfiguration procedure without security key change towards the UE involving random access on PSCell, during which the MAC entity configured for SCG is reset and RLC configured for SCG is re-established regardless of the bearer type(s) established on SCG. For DRBs using RLC AM mode PDCP data recovery applies, and for DRBs using RLC UM no action is performed in PDCP. For SRB3 PDCP may discard all stored SDUs and PDUs. Unless MN terminated SCG or split bearers are configured, this does not require MN involvement. In this case, if location information was requested for the UE, the SN informs the MN about the PSCell change (as part of location information) using the SN initiated SN modification procedure independently from the reconfiguration of the UE. In case of MN terminated SCG or split bearers, the SN initiated SN Modification procedure as described in clause 10.3 is used, setting the PDCP Change Indication to indicate that a PDCP data recovery is required. If the MN subscribes to PSCell changes to retrieve the SCG UE history information, the SN informs the MN about the SCG UE history information using the SN initiated SN modification procedure when the SCG UE history information changes.
A Conditional PSCell Change (CPC) is defined as a PSCell change that is executed by the UE when execution condition(s) is met. The UE starts evaluating the execution condition(s) upon receiving the CPC configuration, and stops evaluating the execution condition(s) once PSCell change is triggered. Only intra-SN CPC without MN involvement is supported.
The following principles apply to CPC:
-	The CPC configuration contains the configuration of CPC candidate PSCell(s) and execution condition(s) generated by the SN.
-	An execution condition may consist of one or two trigger condition(s) (CPC events A3/A5, as defined in TS 38.331 [4]). Only single RS type is supported and at most two different trigger quantities (e.g. RSRP and RSRQ, RSRP and SINR, etc.) can be configured simultaneously for the evaluation of CPC execution condition of a single candidate PSCell.
-	Before any CPC execution condition is satisfied, upon reception of PSCell change command or PCell change command, the UE executes the PSCell change procedure as described in clause 10.3 and 10.5 or the PCell change procedure as described in clause 9.2.3.2 in TS 38.300[3] or clause 10.1.2.1 in TS 36.300 [2], regardless of any previously received CPC configuration. Upon the successful completion of PSCell change procedure or PCell change procedure, the UE releases all stored CPC configurations.
-	While executing CPC, the UE is not required to continue evaluating the execution condition of other candidate PSCell(s).
-	Once the CPC procedure is executed successfully, the UE releases all stored CPC configurations.
-	Upon the release of SCG, the UE releases the stored CPC configurations.
CPC configuration in HO command, PSCell change command or conditional reconfiguration is not supported.

============ Next Change ==============
[bookmark: OLE_LINK1]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., The MN forwards UE History Information and optional UE History Information from the UE to its connected SNs. The resulting information is then used by SN in subsequent handover preparation for dual-connectivity operation. The SN is in charge of collecting SCG UE history information and providing the collected information to the MN based on MN request or MN subscription on the at PSCell change. 
The MN may retrieve the SCG UE history information via the SN Addition and SN Modification procedures. SN shall provide the SCG UE history information, if available, in the SN Addition, SN Modification, SN Release, and SN initiated SN Change procedures.
Upon exceeding the maximum duration of the time the UE stayed in the cell in the SCG UE history information, the SN stores the current PSCell information, and begins a new entry for the same PSCell ID. 

============ End of Changes ==============
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<<<<<<<<<<<<<<<<<<<< 1st Change >>>>>>>>>>>>>>>>>>>>
9.3.1.97	Last Visited NG-RAN Cell Information
This IE contains information about a cell. In case of NR cell, this IE contains information about a set of NR cells with the same NR ARFCN for reference point A, and the Global Cell ID IE identifies one of the NR cells in the set. The information is to be used for RRM purposes.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Global Cell ID
	M
	
	NG-RAN CGI
9.3.1.73
	
	-
	

	Cell Type
	M
	
	9.3.1.98
	
	-
	

	Time UE Stayed in Cell
	M
	
	INTEGER (0..4095)
	The duration of time the UE stayed in the cell, or set of NR cells with the same NR ARFCN for reference point A, in seconds. If the duration is more than 4095s, this IE is set to 4095.
	-
	

	Time UE Stayed in Cell Enhanced Granularity
	O
	
	INTEGER (0..40950)
	The duration of time the UE stayed in the cell, or set of NR cells with the same NR ARFCN for reference point A, in 1/10 seconds. If the duration is more than 4095s, this IE is set to 40950.
	-
	

	HO Cause Value
	O
	
	Cause
9.3.1.2
	The cause for the handover.
	-
	

	Last Visited PSCell List 
	
	0..<maxnoofPSCellsPerPrimaryCellinUEHistoryInfo>
	
	List of cells configured as PSCells. Most recent PSCell related information is added to the top of the list.
	YES
	ignore

	>Last Visited PSCell Information
	M
	
	9.3.1.235
	The PSCell related information.
	YES
	ignore



	Range bound
	Explanation

	maxnoofPSCellsPerPrimaryCellinUEHistoryInfo
	Maximum number of last visited PSCell information records that can be reported in the IE. Value is 816.


[bookmark: _Toc99662440]
<<<<<<<<<<<<<<<<<<<< End of 1st Change >>>>>>>>>>>>>>>>>>>>
-- TEXT OMITTED –
<<<<<<<<<<<<<<<<<<<< 2nd Change >>>>>>>>>>>>>>>>>>>>
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

	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..409500)
	The duration of the time the UE stayed in the cell in 1/10 seconds. If the UE stays in a cell more than 40950s, this IE is set to 409500.
Or the duration of the time when no SCG resources are configured for the UE.



<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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