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Introduction

In previous meetings, we made the following progress on the topic of UE History Information in MR-DC.

	RAN3#111e:
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.

RAN3#112e:

WA: SN is responsible for collecting the SN UHI

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

RAN3#113e:
RAN3 should consider solutions which would not delay HO more than it would have been delayed without UHI. 

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.

No enough benefit been found to introduce Cell type.

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.

Open issue:

-Which node (MN or SN) collects UE history information of S-NG-RAN node.

-Whether SN UHI correlated with MN UHI

-Hoe does SN UHI correlated with MN UHI

- Correlated MN and SN UHI from MN to SN is benefit.

-Messages for transfer of UE History Information

-SN UHI information: Time spent without SCG/Time stamps


In this paper, we further discuss the above open issues and provide the corresponding proposals. 
Discussion
 How to retrieve SN UHI
In the last meeting, we agreed to adopt Option 1 as baseline, FFS on other enhancement on top of Option 1. Option 1 is that MN initiates SN modification procedures to retrieve SN UHI before handover. Furthermore, two quick decisions were made:

	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 main controversial point that whether and how to enhance Option 1 is depending on whether up-to-date SN UHI is needed in MN. As discussed in R3-214469, most cases do not require up-to-date SN UHI. Thus, up-to-date SN UHI is not always needed. Note that in the RAN2 #115 e-meeting, the following agreements were made. According to the agreements, UE can report the latest SN UHI to MN if up-to-date SN UHI is needed. Therefore, there is no need to further enhance Option 1.  
	SN Related MHI Information:

2  RAN2 to confirm that the PSCell transition is part of MHI.

3  PSCell MHI is reported only to PCell.

4  UEInformationResponse message is used to convey the PSCell MHI to the MN.

5  Take Option 1 ‎(PSCell MHI nested within the PCell MHI) as baseline.


Observation 1: Up-to-date SN UHI is not always needed, and UE can report the latest SN UHI to MN if up-to-date SN UHI is needed.

Proposal 1: Use Option 1, e.g. MN initiates SN modification procedures to retrieve SN UHI before handover to retrieve SN UHI. No need to further enhance Option 1. 

 Which node collects SN UHI

In the RAN3 #112 e-meeting, a WA related to this issue was made. SN shall be responsible to collect SN UHI, and report it to MN when requested. Thus, we propose to confirm this WA as an agreement. MN can retrieve the SN UHI through the MN initiated SN modification procedure after SN collects the SN UHI. 
	WA: SN is responsible for collecting the SN UHI.


Proposal 2: SN is responsible for collecting the SN UHI.
 Correlation of MN and SN UHI 
In the RAN3 #111 e-meeting, the following agreement was made. It was agreed that correlated MN UHI and SN UHI is beneficial. SN UHI needs to be saved in MN otherwise it will be deleted during the multiple process of adding and deleting SNs. Knowing the historical connection relationship between PCell and PSCell helps to optimize the behavior triggered by MN RRM. For example, whether to choose the DC mode, choose the appropriate SN, etc. The remaining issue is how to realize the correlation between MN UHI and SN UHI. 
	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.


Proposal 3: It is beneficial for MN to be aware of the chronological sequence relationship between each PCell and PSCell. 
Proposal 4: RAN3 shall consider a two-dimensional structure to achieve the correlation of MN and SN UHI instead of an independent structure. 
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Through the time stay parameter carried by SN PSCell UHI, MN can calculate the correspondence between MN PCell and SN PSCell. When MN receives the SN UHI list, it can learn the time stay of each PCell of the MN UHI. For example, the duration of MN PCell 1 in the above figure is the duration from the start of the UE being served by PCell 1 to the end. When receiving the SN UHI, the service duration of the UE in the MN PCell 2 can be confirmed. Through the time stay parameter of each PSCell in SN UHI, the service duration of the UE connected to each SN PSCell can also be confirmed. Therefore, MN can obtain the SN PSCell information associated with each PCell by subtracting the time stay of the SN PSCell from the Time stay of the MN PCell. According to this method, in the example shown in the figure above, the calculated correspondence between MN PCell list and PSCell is as follows.
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 Whether SN needs MN UHI
The SN UHI needs to be provided to the target SN so that the target SN can optimize the RRM and find the SN ping pong handover problem triggered by SN. The MN's provision of MN UHI to SN does not help SN solve the above problems. Therefore, MN shall only provide SN UHI to SN.

Proposal 5: For XnAP and X2AP, only SN UHI information shall be provided from MN to SN.
 Parameters for SN UHI: “Time spent without SCG” Vs “Time stamp” 
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The Cell list in the MN UHI list is continuous in time, but the SN UHI list is not continuous. The reason is that MN can add or release SN multiple times. As shown in the figure above, MN configures the DC state for the UE four times and sets PSCell 1 and PSCell 2 as an secondary cell. Therefore, the PSCell information in SN UHI is not continuous. 

However, SN cannot judge whether there is an SN ping pong error based on this information. Therefore, necessary information is added to UHI to distinguish PSCells in different time periods, such as adding a time stamp. Time stamp is designed as the time when the PSCell is added. According to the time stamp and time stay parameters, SN can determine whether a ping pong error has occurred.

“Time spent without SCG” discussed at last meeting can solve the same issue. However, using this parameter can not help MN co-relate SN UHI with MN UHI. While it is easy for MN to co-related SN UHI with MN UHI with the time stamp information. 
Proposal 6: Instead of “Time spent without SCG”, RAN3 shall introduce Time stamp IE for SN UHI.  

 Messages for UHI transfer
In the RAN3 #112 e-meeting, we have made the following WA to achieve UHI transfer.  
	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


MN->MN 

Source MN shall send both MN and SN UHI to the target MN during inter-MN handover. Thus, both MN and SN UHI shall be included in the handover request message.     

MN->SN and SN->MN

Since the benefits of providing MN UHI to SN are still unclear, we believe that MN only needs to provide SN UHI to SN through the SN addition messages.

SN shall send the collected SN UHI to MN through the SN modification, change and release messages. 
Proposal 7: Both MN and SN UHI shall be sent from source MN to target MN through the HANDOVER REQUEST message during inter-MN handover. 
Proposal 8: Only MN UHI shall be sent from MN to SN through the S-NODE ADDITION REQUEST and SGNB ADDITION REQUEST messages.

Proposal 9: Only SN UHI shall be sent from SN to MN through the following messages:

- S-NODE CHANGE REQUIRED and SGNB CHANGE REQUIRED messages

- S-NODE MODIFICATION REQUEST ACKNOWLEDGE and SGNB MODIFICATION REQUEST ACKNOWLEDGE messages

- S-NODE RELEASE REQUEST ACKNOWLEDGE and SGNB RELEASE REQUEST ACKNOWLEDGE messages
- S-NODE RELEASE REQUIRED and SGNB RELEASE REQUIRED messages

 Interface impact of SN UHI from UE
In the last meeting, RAN2 has agreed to introduce SN UHI from UE. Therefore, it is reasonable to consider the interface impact of introducing SN UHI from UE .

UHI from UE for SA has already been supported in Rel-16. Specifically, the UE History Information from UE IE has been supported in e.g. NGAP and XnAP. In general, the same IE can be reused to transfer SN UHI from UE. 

However, as observed by the definition of the UE History Information from UE IE in NGAP, it can be seen that this IE is defined as a single RAT type. SN UHI shall be supported in all MR-DC scenarios, which means that in addition to EN-DC, it shall also be supported in NGEN-DC, NE-DC and NR-DC. Based on this, it is possible to extend this IE to support two RAT type of SN UHI. One is NR, and the other one is LTE.
TS 38.413 :

9.3.1.166
UE History Information from UE

This IE contains information about mobility history report for a UE.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE UE History Information from UE
	M
	
	
	

	>NR
	
	
	
	

	>>NR Mobility History Report
	M
	
	OCTET STRING
	VisitedCellInfoList contained in the UEInformationResponse message (TS 38.331 [18]).


Proposal 10: Whether to reuse UE History Information from UE IE depends on RAN2 progress.
3. Conclusion

Based on above analysis, we provide the following observations and proposals.

Observation 1: Up-to-date SN UHI is not always needed, and UE can report the latest SN UHI to MN if up-to-date SN UHI is needed.

Proposal 1: Use Option 1, e.g. MN initiates SN modification procedures to retrieve SN UHI before handover to retrieve SN UHI. No need to further enhance Option 1. 

Proposal 2: SN is responsible for collecting the SN UHI.
Proposal 3: It is beneficial for MN to be aware of the chronological sequence relationship between each PCell and PSCell. 

Proposal 4: RAN3 shall consider a two-dimensional structure to achieve the correlation of MN and SN UHI instead of an independent structure.  

Proposal 5: For XnAP and X2AP, only SN UHI information shall be provided from MN to SN.

Proposal 6: Instead of “Time spent without SCG”, RAN3 shall introduce Time stamp IE for SN UHI.   

Proposal 7: Both MN and SN UHI shall be sent from source MN to target MN through the HANDOVER REQUEST message during inter-MN handover. 
Proposal 8: Only MN UHI shall be sent from MN to SN through the S-NODE ADDITION REQUEST and SGNB ADDITION REQUEST messages.

Proposal 9: Only SN UHI shall be sent from SN to MN through the following messages:

- S-NODE CHANGE REQUIRED and SGNB CHANGE REQUIRED messages

- S-NODE MODIFICATION REQUEST ACKNOWLEDGE and SGNB MODIFICATION REQUEST ACKNOWLEDGE messages

- S-NODE RELEASE REQUEST ACKNOWLEDGE and SGNB RELEASE REQUEST ACKNOWLEDGE messages
- S-NODE RELEASE REQUIRED and SGNB RELEASE REQUIRED messages

Proposal 10: Whether to reuse UE History Information from UE IE depends on RAN2 progress.
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