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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.

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 whether Time spent in SCG should be introduced or not.
FFS whether Cell Type 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
SN UHI in MR-DC can provide assistance information for PSCell change decision which help avoid the occurrence of ping pong. Additionally, it could be helpful for handover with/without SN change, DC setup etc.
2.1 Inter-MN handover
The signalling call flow for inter-MN handover with/without SN change is mentioned in section 10.7 of TS 37.340 and is captured below:


Figure 1: Inter-MN handover with/without MN initiated SN change procedure
Figure 1 shows an example signalling flow for inter-MN handover with or without MN initiated SN change:
NOTE 1: For an Inter-Master Node handover without Secondary Node change, the source SN and the target SN shown in Figure 10.7.2-1 are the same node.
1.	The source MN starts the handover procedure by initiating the Xn Handover Preparation procedure including both MCG and SCG configuration. The source MN includes the source SN UE XnAP ID, SN ID and the UE context in the source SN in the Handover Request message.
NOTE 2:	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: TS 37.340 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 sending the Handover Request to the target MN
The following agreements have already been made in the topic of SN UHI:
MN and SN UHI shall be included in inter-MN handover message i.e., Handover Request message.
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: Take option 1, i.e., Use SN modification procedures to retrieve SN UHI before handover as baseline. Other solutions are FFS.
It has been already agreed to add the MN and SN UHI in the handover request message. But the source MN sends the handover request message to the target MN (step 1) before triggering the SN release procedure to the source SN (step 5a. In order to retrieve SN UHI before handover, three options were discussed last meeting:
· Option 1: MN initiates SN modification procedures to retrieve SN UHI before handover.
· Option 2:  In order to avoid handover delays, the master node is always aware of the latest PSCell UE history information.
· Option 3: use other messages to transfer UHI
As seen from observation 1, MN might already use SN modification procedures to retrieve SCG config before the HO, so fetching SN UHI at the same time won’t cause extra delay. On the other hand, the MN may have enabled PSCell change reporting, as defined for Location Information purposes. Even in such a case, the MN does not need to fetch it.
Observation 2: MN can reuse SN modification procedure (in case it is used to retrieve SCG config before handover) to also retrieve SN UHI without incurring extra delay.
Observation 3: MN need not retrieve SN UHI from SN before handover in cases where PSCell change reporting for Location Information purposes is enabled
Observation 4: In scenarios where neither SN modification is used before handover (e.g., full config scenario) nor location information reporting procedures are enabled, MN can choose to NOT retrieve SN UHI in case it doesn’t want to incur additional delays or retrieve it in advance via implementation.
Considering observations 2-4, we think that option 1 is enough.
Proposal 1: MN can retrieve SN UHI before handover via MN-initiated SN modification procedure only if it is already being used to retrieve the SCG configuration. Otherwise, it is up to MN’s implementation on how to retrieve SN UHI.
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 5: 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 6: 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: TS 37.340 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 sending the Handover Request to the target MN
Observation 2: MN can reuse SN modification procedure (in case it is used to retrieve SCG config before handover) to also retrieve SN UHI without incurring extra delay.
Observation 3: MN need not retrieve SN UHI from SN before handover in cases where PSCell change reporting for Location Information purposes is enabled
Observation 4: In scenarios where neither SN modification is used before handover (e.g., full config scenario) nor location information reporting procedures are enabled, MN can choose to NOT retrieve SN UHI in case it doesn’t want to incur additional delays or retrieve it in advance via implementation.
Proposal 1: MN can retrieve SN UHI before handover via MN-initiated SN modification procedure only if it is already being used to retrieve the SCG configuration. Otherwise, it is up to MN’s implementation on how to retrieve 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.
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 5: 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 6: 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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