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Introduction

How to support UE history information in MR-DC is a left issue from Rel-16 NR_SON_MDT.

	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


This contribution provides our view on following aspects, including :

Which node (MN or SN) collects UE history information of S-NG-RAN node
Whether SN UHI correlated with MN UHI

How does SN UHI correlated with MN UHI
Whether SN need MN UHI
MN UHI with associated SN UHI and SN UHI propagation to target RAN node
Parameters for SN UHI
SN UHI related Signalling
Discussion
Issue 1: Which node (MN or SN) collects UE history information of S-NG-RAN node.

In general, there are three approaches to collect the information: 

Approach A is that SN collects UE’s UHI of S-NG-RAN node and saved by MN node. 

During the Secondary Node Addition procedure (TS 37.340) is initiated by the MN and a UE context is establish at the SN, SN starts recording UHI for the UE.

When the Secondary Node Release procedure (TS 37.340) is initiated by MN or SN and the UE context is going to be delete in the SN node, SN provides the record UHI of the UE to the MN. Otherwise, the UHI of SN is lost.
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Figure 1： Approach A SN collects UE’s UHI of S-NG-RAN node and saved by MN node
Approach B is MN collects UE ‘s UHI both for MN part and SN part.

Compare with SN node, the UE context is always available in MN node. MN node can collect UE’s UHI both for MN part and SN part. For SN part of UE’s UHI, location report mechanism can be used by MN to acquires UE’s UHI.    
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Compare with approach A, location report mechanism introduce signalling overhead for X2/Xn interface. The function is originally designed for security requirement. Therefore we propose:

Proposal 1: SN collects UE’s UHI of S-NG-RAN node and the information saved by MN node.
Issue 2: Whether SN UHI correlated with MN 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


According to the discussion in the last meeting, UHI of SN needs to be saved in the MN otherwise the UHI of SN 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. 

Proposal 2:To confirm that the relationship of each PCell with chronological sequence of PSCell is benefit for Master node.
Issue 3: How does SN UHI correlated with MN UHI.
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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 the MN receives the SN UHI list, the MN 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 by 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, the 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.
[image: image4.jpg]Table: MN UHI co-relate with SN
UHI List

MN PCell2

SN PSCell3

SN PSCell4

SN PSCell5

MN1 PCell1

SN PSCell1

SN PSCell2

SN PSCell3





Issue 4: Whether SN need 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 the SN.The MN's provision of MN UHI to the SN does not help the SN solve the above problems. Therefore MN can only provide SN UHI to SN.

Proposal 3: For XnAP and X2AP, only SN UHI information provide from MN to SN.
Issue 5：MN UHI with associated SN UHI and SN UHI propagation to target RAN node
In the current protocol, the UHI of the RAN node can be send to the target RAN node through the NG interface and the Xn interface.Carry the association relationship between MNUHI and SN UHI to the target RAN node helps the target to discover the SN ping pong handover problem triggered by the MN. After the target RAN node obtains this information, it can calculate the SN UHI list from this information. Therefore SN UHI does not need to be send on the NG interface and Xn interface.

Proposal 4: For XnAP and NGAP, only association relationship between MN UHI and SN UHI information provide from source RAN node to the target.
Issue 6：Parameters for SN UHI
	UE history information of secondary node includes: PSCell list, time UE stayed in the cell


Issue 6.1 Cell Type

In LTE and NR, the parameter is designed for RAN node to optimize handover decision move between micro and macro cells. While for Dual connectivity scenario, it is not necessary. Therefore we propose:
Proposal 5: Cell type IE is not used for UE history information of S-Node.
Issue 6.2 HO cause

It is noting , in current specification of TS38.413, in addition to Cell ID,stay time, an “HO Cause Value” IE is introduced in for the history information.
	HO Cause Value
	O
	
	Cause

9.3.1.2
	The cause for the handover.


However this IE does not cover the scenario of SN triggered procedure, such as SN triggered SN change. The information is also important for handover decision. It is benefit to introduce “Secondary Node Addition”, “MN initiated Secondary Node Modification”, “SN initiated Secondary Node Modification”, “MN initiated Secondary Node Change”, “SN initiated Secondary Node Change” cause value for HO Cause value IE. 

For cause value of MN/SN initiated Secondary Node release, since the visited information covered by other case, then this cause value is not supported for UE history information in Rel-17.  
Proposal 6: To add “Secondary Node Addition”, “MN initiated Secondary Node Modification”, “SN initiated Secondary Node Modification”, “MN initiated Secondary Node Change”, “SN initiated Secondary Node Change” cause value for HO Cause value IE in TS 38.413.
Issue 6.3 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. Because the MN can add or release the SN multiple times. As shown in the figure above, the MN configures the DC state for the UE four times and sets PScell1 and PScell2 as 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 in the SN.

Proposal 7:Introduce Time stamp IE for SN UHI.
Issue 7: SN UHI related Signalling 

Since the PScell change does not affect the MN, the SN sends the SN UHI information to the MN when the UE context is deleted. But the MN has already triggered the handover procedure to the new MN, so the SN UHI cannot be provided to the target MN.
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As shown in the figure above, this is a case of Inter-Master Node handover with/without Secondary Node change.The Source MN has not obtained the SN UHI of the source SN when sending the Step 1 message Handover Request. Because SN UHI is passed to Source MN in the fifth step (5b). Therefore, the latest SN UHI cannot be delivered to the target MN base station.

To solve this problem, Source MN needs to obtain SN UHI information through the MN-initiated SN Modification procedure before triggering the handover.

Proposal 8:For MR-DC Inter-Master Node handover with/without Secondary Node change and Master Node to eNB/gNB Change procedure, Source MN needs to obtain SN UHI information through the MN-initiated SN Modification procedure before triggering the handover.
Proposal 9: To add “Secondary Node Addition”, “MN initiated Secondary Node Modification”, “SN initiated Secondary Node Modification”, “MN initiated Secondary Node Change”, “SN initiated Secondary Node Change” cause value for HO Cause value IE in TS 38.413.
Based on above analysis, it is benefit for SN node also aware the UE history information for better handover decision. In addition, UE history information from UE is also benefit for the same purpose.

Proposal 10: To add “UE history information” IE and “UE history information from the UE” IE into XnAP “ S-NODE RELEASE REQUEST ACKNOWLEDG” , “S-NODE MODIFICATION REQUEST ACKNOWLEDG” and “S-NODE CHANGE REQUIRED”messages. 
Based on above analysis, UE history information IE is already supported in LTE and could be benefit for handover decision of SN node.

Proposal 11: To add “UE history information” IE into X2AP “SGNB ADDITION REQUEST ACKNOWLEDGE” , “SGNB RELEASE REQUEST ACKNOWLEDGE” and “SGNB CHANGE REQUIRED” messages.
3. Conclusion

In this contribution , observations and proposals are:
Proposal 1: SN collects UE’s UHI of S-NG-RAN node and the information saved by MN node.

Proposal 2:To confirm that the relationship of each PCell with chronological sequence of PSCell is benefit for Master node.

Proposal 3: For XnAP and X2AP, only SN UHI information provide from MN to SN.

Proposal 4: For XnAP and NGAP, only association relationship between MN UHI and SN UHI information provide from source RAN node to the target.

Proposal 5: Cell type IE is not used for UE history information of S-Node.

Proposal 6: To add “Secondary Node Addition”, “MN initiated Secondary Node Modification”, “SN initiated Secondary Node Modification”, “MN initiated Secondary Node Change”, “SN initiated Secondary Node Change” cause value for HO Cause value IE in TS 38.413.

Proposal 7:Introduce Time stamp IE for SN UHI.

Proposal 8:For MR-DC Inter-Master Node handover with/without Secondary Node change and Master Node to eNB/gNB Change procedure, Source MN needs to obtain SN UHI information through the MN-initiated SN Modification procedure before triggering the handover.

Proposal 9: To add “Secondary Node Addition”, “MN initiated Secondary Node Modification”, “SN initiated Secondary Node Modification”, “MN initiated Secondary Node Change”, “SN initiated Secondary Node Change” cause value for HO Cause value IE in TS 38.413.

Based on above analysis, it is benefit for SN node also aware the UE history information for better handover decision. In addition, UE history information from UE is also benefit for the same purpose.

Proposal 10: To add “UE history information” IE and “UE history information from the UE” IE into XnAP “ S-NODE RELEASE REQUEST ACKNOWLEDG” , “S-NODE MODIFICATION REQUEST ACKNOWLEDG” and “S-NODE CHANGE REQUIRED”messages. 

Proposal 11: To add “UE history information” IE into X2AP “SGNB ADDITION REQUEST ACKNOWLEDGE” , “SGNB RELEASE REQUEST ACKNOWLEDGE” and “SGNB CHANGE REQUIRED” messages.
Proposal 12: The corresponding CRs can be found in [1][2][3][4].

4. References

R2-206830 CR for UHI of MR-DC in TS37.340
R2-206831 CR for UHI of MR-DC in TS38.413 
R2-206832 CR for UHI of MR-DC in TS36423
R2-206833 CR for UHI of MR-DC in TS38423 

