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1. Introduction 
UE History Information in MR-DC has been discussed in the past meetings with the following agreements:
Agreements for R3#111e:
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
UE History Information (UHI) of SN does not include HO Cause 
Wait for RAN2 agreements before discussing UE History Information from UE
Enhancement of UE History Information for Secondary Node does not apply to LTE DC scenarios

Agreements for R3#112e:
WA: SN is responsible for collecting the SN UHI; RAN3 should consider solutions which would not delay HO more than it would have been delayed without UHI 
WA: Correlation of MN UHI and SN UHI could be realized via two-dimensional structure for UHI (PSCells history information are listed within each PCell in the UHI); it may not be feasible on all interfaces.
WA: At least include UHI in the SN addition, modification, change and release messages. Others are FFS.  Specifically, include UHI in the following messages over Xn and X2:
· SN addition procedure (S-NODE ADDITION REQUEST, SGNB ADDITION REQUEST)
· SN Change procedure (S-NODE CHANGE REQUIRED, SGNB CHANGE REQUIRED)
· SN Modification procedure 
· MN-initiated: S-NODE MODIFICATION REQUEST ACKNOWLEDGE, SGNB MODIFICATION REQUEST ACKNOWLEDGE
· SN release procedure 
· MN-initiated: S-NODE RELEASE REQUEST ACKNOWLEDGE, SGNB RELEASE REQUEST ACKNOWLEDGE
· SN-initiated: S-NODE RELEASE REQUIRED, SGNB RELEASE REQUIRED
WA: Take option 1, i.e., Use SN modification procedures to retrieve SN UHI before handover as baseline. Other solutions are FFS.

Agreements from R3#113e:
RAN3 should consider solutions which would not delay HO more than it would have been delayed without UHI
· WA: “Up-to-date” SN UHI is not always guaranteed at HO REQUEST
· WA: It is necessary to provide “up-to-date” SN UHI at target RAN node after the source SN Release which needs to check with RAN2
The usage of SN UHI for target NG-RAN node during handover includes:
· SN node Ping pong issue
· Assisting target MN in selecting the appropriate SN (for example, in the Inter-Master Node handover with/without flow)
· Assisting target MN in determining whether DC needs to be supported
· Forwarded to the target SN to select PSCell as an assistant information
No enough benefit been found to introduce Cell type

Open issues:
FFS whether only SN UHI or correlated MN and SN UHI should be sent from MN to SN.
FFS whether only SN UHI or correlated MN and SN UHI should be sent from SN to MN.
FFS how to realize the correlation between MN UHI and SN UHI i.e. via two-dimensional structure for UHI (PSCells history information are listed for each PCell in the UHI) or a separate MN UHI and SN UHI.
FFS: Correlated MN and SN UHI from MN to SN is benefit
FFS whether Time spent in SCG should be introduced or not.
FFS whether the originating node of the PSCell change is included in the SCG UHI or not.
Whether the SCG UE History Information is to be encoded directly, or as a container to be passed as an OCTET STRING.
 FFS whether to introduce one flag in SN Addition Response message to indicate whether MN should inform SN of the latest Pcell for every intra-MN PCell change.

In this paper, we discuss the open issues further and provide proposals for the same.
2. Discussion
2.1 SN UHI during Inter-MN handover
RAN3 should consider solutions which would not delay HO more than it would have been delayed without UHI
–	WA: “Up-to-date” SN UHI is not always guaranteed at HO REQUEST
–	WA: It is necessary to provide “up-to-date” SN UHI at target RAN node after the source SN Release which needs to check with RAN2

TS 37.340 Figure 10.7.2-1 on Inter-MN handover with/without MN initiated SN change mentions that “The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration and to allow provision of data forwarding related information before step 1.”
Observation 1: Source MN can obtain latest SN UHI before inter-MN handover via SN Modification procedure (if also used for retrieving SCG config)
How to propagate SN UHI to target MN during inter-MN HO if SN Modification procedure is not used
	Option 
	Procedure

	Option 1: Source MN provides latest SN UHI to target MN after the source SN Release over a new Xn message (main drawback is latency).
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	Option 2: Source MN subscribes for PSCell changes at Source SN via a new procedure and source SN keeps source MN up-to-date with SN UHI information before inter-MN handover 
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Proposal 1: RAN3 should down select among the following three options on how to propagate SN UHI to target MN during inter-MN HO if SN Modification procedure is not used:
· Option 1: Source MN provides latest SN UHI to target MN after the source SN Release over a new Xn message
· Option 2: Source MN subscribes for PSCell changes at Source SN via a new procedure and source SN keeps source MN up-to-date with SN UHI information before inter-MN handover
· Option 3: Up-to-date SN UHI is not always guaranteed post inter-MN handover (might miss intra-SN PSCell changes without MN involvement)
2.2 Correlation of MN and SN UHI
Correlation between MN UHI and SN UHI is feasible and beneficial
FFS how to realize the correlation between MN UHI and SN UHI i.e. via two-dimensional structure for UHI (PSCells history information are listed for each PCell in the UHI) or a separate MN UHI and SN UHI.
Correlation of MN and SN UHI can be achieved by maintaining a “single” nested list of MN and SN UHI and exchange this list between MN and SN as needed.
Proposal 2: Correlation of MN and SN UHI is achieved by using a two-dimension array which lists PSCell as sub-list per PCell in the legacy list.
2.3 [bookmark: _Hlk71196651]UHI from MN to SN
FFS whether only SN UHI or correlated MN and SN UHI should be sent from MN to SN.
SN can utilize SN UHI to optimize MRO issue during PSCell change, e.g. to detect PSCell change Ping Pong and therefore SN UHI should be forwarded from MN to SN.
Whether to also send MN UHI along with SN UHI is FFS.
One benefit for SN to obtain MN UHI along with SN UHI in a correlated fashion using a single nested list is that it is easier to signal and maintain the same correlated UHI information (MN+SN UHI) back and forth
If a single nested list of MN and SN UHI is agreed as per Proposal 2, this correlated list needs to be forwarded from MN to SN. After MN sends this nested list of MN and SN UHI to SN, e.g., in SN addition message post spending some time without SCG, SN could use the information for the subsequent PSCell change and continues to maintain SN parts of the correlated UHI in SN.
Proposal 3: A single nested list including both MN and SN UHI shall be included for the messages in the direction from MN to SN. SN uses the SN UHI from this nested list for triggering subsequent PSCell changes and continues to maintain SN parts of the correlated UHI in SN.
2.4 UHI from SN to MN
FFS whether only SN UHI or correlated MN and SN UHI should be sent from SN to MN.
SN UHI can be useful in the MN for mobility decisions and therefore SN UHI should be forwarded to MN. Whether to also send MN UHI along with SN UHI is FFS.
Observation 2: SN might not have the latest MN UHI in case of inter-MN handovers without SN change and therefore can’t send the latest MN UHI in all scenarios.
One option is to signal a nested list containing both MN and SN UHI from SN to MN and let MN update it in case it has a more updated UHI. Other option is to just SN UHI from SN to MN.
Observation 3: In case of intra-MN handover without SN change, it is not easy for MN to know the correlation between PCell and PScell list if SN only provides SN UHI when it is released. Either MN should request for SN UHI on each PCell change or SN provides combination of MN and SN UHI
Proposal 4: A single nested list including both MN and SN UHI shall be included for the messages in the direction from SN to MN. MN obtains this information and updates MN UHI if it is stale.
2.5 Which messages include SN UHI
This was discussed in last meeting and was agreed as a WA. We propose to make it an agreement this meeting.
	Message
	Direction
	Reason

	S-NODE ADDITION REQUEST
SGNB ADDITION REQUEST
	MN->SN
	The SN UHI list can help target SN for selecting better PSCell

	S-NODE MODIFICATION REQUEST ACKNOWLEDGE
SGNB MODIFICATION REQUEST ACKNOWLEDGE
	SN->MN
	For MN initiated SN change procedure, MN would first ask for the UHI from SN via SN modification request procedure

	S-NODE RELEASE REQUEST ACKNOWLEDGE
SGNB RELEASE REQUEST ACKNOWLEDGE
	SN->MN
	For MN initiated SN release procedure, SN should send its UHI to MN.

	S-NODE RELEASE REQUIRED
SGNB RELEASE REQUIRED
	SN->MN
	For SN initiated SN release procedure, SN should send its UHI to MN.

	S-NODE CHANGE REQUIRED
SGNB CHANGE REQUIRED
	SN->MN
	For SN initiated SN change procedure, SN should send its UHI to MN.



Proposal 5: Include UHI in the SN addition, modification, change and release procedure. Specifically, include UHI in the following messages over Xn and X2:
· SN addition procedure (S-NODE ADDITION REQUEST, SGNB ADDITION REQUEST)
· SN Change procedure
· SN-initiated: S-NODE CHANGE REQUIRED, SGNB CHANGE REQUIRED
· SN Modification procedure 
· MN-initiated: S-NODE MODIFICATION REQUEST ACKNOWLEDGE, SGNB MODIFICATION REQUEST ACKNOWLEDGE
· SN release procedure 
· MN-initiated: S-NODE RELEASE REQUEST ACKNOWLEDGE, SGNB RELEASE REQUEST ACKNOWLEDGE
· SN-initiated: S-NODE RELEASE REQUIRED, SGNB RELEASE REQUIRED
2.6 Time spent without SCG
FFS whether Time spent in SCG should be introduced or not.
Time spent without SCG is useful for the following reasons:
· MN knows the time without DC coverage for aiding future SN addition/changes.
· MN can fill the time spent without SCG in correlated UHI.
· Time spent without SCG can be used to analyze the ping pong issue
· To help network to correlate the UHI (MN) and UHI (SN)
· Useful to gather an understanding of the previous choices made for the UE in terms of DC connectivity
Proposal 6: Include Time spent without SCG in UHI to gather information on SN coverage holes
3. Conclusion
Observation 1: Source MN can obtain latest SN UHI before inter-MN handover via SN Modification procedure (if also used for retrieving SCG config)
Proposal 1: RAN3 should down select among the following three options on how to propagate SN UHI to target MN during inter-MN HO if SN Modification procedure is not used:
· Option 1: Source MN provides latest SN UHI to target MN after the source SN Release over a new Xn message
· Option 2: Source MN subscribes for PSCell changes at Source SN via a new procedure and source SN keeps source MN up-to-date with SN UHI information before inter-MN handover
· Option 3: Up-to-date SN UHI is not always guaranteed post inter-MN handover (might miss intra-SN PSCell changes without MN involvement)
Proposal 2: Correlation of MN and SN UHI is achieved by using a two-dimension array which lists PSCell as sub-list per PCell in the legacy list.
Proposal 3: A single nested list including both MN and SN UHI shall be included for the messages in the direction from MN to SN. SN uses the SN UHI from this nested list for triggering subsequent PSCell changes and continues to maintain SN parts of the correlated UHI in SN.
Observation 2: SN might not have the latest MN UHI in case of inter-MN handovers without SN change and therefore can’t send the latest MN UHI in all scenarios.
Observation 3: In case of intra-MN handover without SN change, it is not easy for MN to know the correlation between PCell and PScell list if SN only provides SN UHI when it is released. Either MN should request for SN UHI on each PCell change or SN provides combination of MN and SN UHI
Proposal 4: A single nested list including both MN and SN UHI shall be included for the messages in the direction from SN to MN. MN obtains this information and updates MN UHI if it is stale.
Proposal 5: Include UHI in the SN addition, modification, change and release procedure. Specifically, include UHI in the following messages over Xn and X2:
· SN addition procedure (S-NODE ADDITION REQUEST, SGNB ADDITION REQUEST)
· SN Change procedure
· SN-initiated: S-NODE CHANGE REQUIRED, SGNB CHANGE REQUIRED
· SN Modification procedure 
· MN-initiated: S-NODE MODIFICATION REQUEST ACKNOWLEDGE, SGNB MODIFICATION REQUEST ACKNOWLEDGE
· SN release procedure 
· MN-initiated: S-NODE RELEASE REQUEST ACKNOWLEDGE, SGNB RELEASE REQUEST ACKNOWLEDGE
· SN-initiated: S-NODE RELEASE REQUIRED, SGNB RELEASE REQUIRED
Proposal 6: Include Time spent without SCG in UHI to gather information on SN coverage holes
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