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1. Introduction 
UE History Information in MR-DC has been discussed in the past meetings with the following agreements:
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
Include SN UHI in the SN addition and change messages (modification FFS); information flow in both directions is not precluded at this stage
Open issues (to be discussed in next meeting):
FFS which node (MN or SN) is responsible for collecting the SN UHI. Discuss signaling impact (MN to be aware of SN initiated PSCell changes without MN involvement vs. including SN UHI in SN Release and any delay in collecting SN UHI for intra-MN handovers); how to allow the MN to use the Pscell history
If SN is responsible for collecting SN UHI, SN sends SN UHI to MN when the SN is released by adding “UE history information” IE in the following SN Release messages over XnAP and X2AP
- S-NODE RELEASE REQUEST ACKNOWLEDGE
- SGNB RELEASE REQUEST ACKNOWLEDGE
- S-NODE RELEASE REQUIRED
- SGNB RELEASE REQUIRED

MN and SN UHI shall be included in inter-MN handover message i.e. Handover Request message. It is FFS whether MN UHI and SN UHI will be separated IEs or a list of MN UHI containing a list of SN UHI.
Correlation between MN UHI and SN UHI is feasible and beneficial
SN is responsible for collecting the SN UHI, but MN may fetch this information from SN whenever needed. SN UHI is useful in the MN for mobility decisions (Agree as a package).
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 (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
 To be continued...

Proposal on the work in phase 2:
1 The rapporteur of the baseline CR work on the corresponding TP based on the agreement reached above.
2 Continue the discussion on open issue 1 and open issue 2

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 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 whether Time spent in SCG should be introduced or not.
FFS whether Cell Type should be introduced or not.
 To be continued...
The other enhancements or details could be discussed after we have conclusion on the basic features.

In this paper, we discuss the open issues and provide proposals for the same.
2. Discussion
2.1 Which node (MN or SN) collects SN UHI (network side UHI)?
This has been discussed in last few meetings without any consensus, however with the majority supporting SN to collect SN UHI due to the following reasons as mentioned in [1]
	Advantages if SN collects SN UHI
	Advantages if MN collects SN UHI

	Avoid breaking the principle that the MN should not be bothered with intra-SN mobility.
If MN collects SN UHI, SN itself will also collect. Redundant work exists for MN and SN.
MN may be overloaded with managing SCG UHI.
PScell report from SN to MN is optional.
PSCell in location report is triggered by the CN
No extra delay for inter-MN handover since MN may retrieve SN configuration through Modification procedures before inter-MN handover
	Centralized solution 
Avoid delay in retrieving SN UHI before inter-MN handovers



Considering the majority of companies in RAN3 prefers SN to collect SN UHI due to the above advantages and the fact that MN might not know intra-SN PSCell changes, we agree that SN can be responsible to collect SN UHI
Observation 1: In case of intra-SN PSCell change or PSCell change without MN involvement, MN is not aware of PSCell change and hence can’t collect SN UHI in those scenarios
Observation 2: If SN is responsible to collect SN UHI, SN UHI needs to be sent to MN when SN is to be released, requested by SN or during SN initiated SN change procedures.
Proposal 1: SN is responsible to collect SN UHI
2.2 [bookmark: _Hlk71196651]Correlation of MN and SN UE history information
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 What type of UHI needs to be transferred in Xn/X2 message
Observation 3: SN UHI can be useful in the MN for mobility decisions and therefore SN UHI should be forwarded to MN whenever requested by MN.
SN can utilize SN UHI to optimize MRO issue during PSCell change, e.g. PSCell change Ping Pong. PSCell change Ping Pong can occur only if MN is not changed. So, whether MN UHI is needed by SN for any optimization purposes is not clear.
Observation 4: Whether MN UHI is needed by SN for any optimization purposes is not clear and should be discussed
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
FFS whether only SN UHI or correlated MN and SN UHI should be sent from MN to SN.
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.
FFS whether only SN UHI or correlated MN and SN UHI should be sent from SN to MN.
Similar to the other direction (Proposal 3), it is easier to signal one nested list containing both MN and SN UHI rather than only SN UHI back from SN to MN. For example, SN can send the combination of MN and SN UHI to MN before SN release and MN will maintain the information. If MN has a more updated UHI, it can override it. 
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 needed.
MN and SN UHI shall be included in inter-MN handover message i.e. Handover Request message. It is FFS whether MN UHI and SN UHI will be separated IEs or a list of MN UHI containing a list of SN UHI.
Similar to Proposal 3 and Proposal 4, we propose a single nested list containing both MN and SN UHI to be forwarded to target MN during inter-MN handover. With the knowledge of MN and SN UHI obtained in handover request, the target MN could add a suitable SN node based on measurement report and history information.
Proposal 5: A single nested list including both MN and SN UHI shall be included in Handover Request during inter-MN handover. Target MN can use this UHI information to add/change a suitable SN node.
2.4 Which messages include SN UHI
This was also discussed in last meeting in [1] and the following messages should include SN UHI if SN is responsible to collect SN UHI and based on Proposals 3-5
Proposal 6: 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

2.5 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 7: Include Time spent without SCG in UHI to gather information on SN coverage holes
2.6 Whether to include Cell Type
In some cases, the cell type is important. For example, the MN or SN may use the SN UHI to estimate the mobility speed. Together with time spent, the cell type can help the SN to choose best PScell, e.g. if a long time is spent in small cell that means at the moment the UE is moving slowly then SN may decide to choose small cell.
Also, the cell type of SN may be small in FR2, be medium or large in FR1.
But some companies mentioned that it can be a burden to configure cell type in every cell. We therefore propose cell Type can be optional and can be included if needed
Proposal 8: Whether an optional IE Cell Type can be included in UHI for mobility speed estimation can be discussed.

3. Conclusion
Observation 1: In case of intra-SN PSCell change or PSCell change without MN involvement, MN might not be aware of PSCell change and hence can’t collect SN UHI in those scenarios
Observation 2: If SN is responsible to collect SN UHI, SN UHI needs to be sent to MN when SN is to be released, requested by SN or during SN initiated SN change procedures.
Proposal 1: SN is responsible to collect SN UHI
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.
Observation 3: SN UHI can be useful in the MN for mobility decisions and therefore SN UHI should be forwarded to MN whenever requested by MN.
Observation 4: Whether MN UHI is needed by SN for any optimization purposes is not clear and should be discussed
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.
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 needed.
Proposal 5: A single nested list including both MN and SN UHI shall be included in Handover Request during inter-MN handover. Target MN can use this UHI information to add/change a suitable SN node.
Proposal 6: 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 7: Include Time spent without SCG in UHI to gather information on SN coverage holes
Proposal 8: Whether an optional IE Cell Type can be included in UHI for mobility speed estimation can be discussed.
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