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Introduction
At TSG-RAN WG3 #112-e meeting, some agreements on UHI in MR-DC scenario have been achieved. In this contribution, we continue to discuss some open issues on UHI.
Discussion
2.1 SN UHI between SN and MN
For the information transferred between SN and MN, there is FFS left as below:
	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.
It is FFS whether correlated MN and SN UHI or only SN UHI is sent from MN to SN
It is FFS on whether only SN UHI or correlated MN and SN UHI should be sent from SN to MN


According to above agreements, two-dimensional structure for correlated MN UHI and SN UHI should be supported and the two-dimensional structure should be transferred at least during handover procedure. However, whether correlated MN and SN UHI or only SN UHI should be transferred between MN and SN is still FFS. We make further analysis for the two cases separately.
 UHI from MN to SN.
When target MN receive the correlated MN and SN UHI from source MN, it is obviously that MN and SN correlated UHI is useful for target SN to select PSCell as illustrated in the figure below. 


                                            Figure 1 UE UHI in MR-DC scenario
If UE is in the coverage of PCell 0, as the blue line indicated, the PSCell change history may be PSCell A -> PSCell B, UE would stay in PSCell B for a relatively long period of time. With this UE history information received, it is fine to handover the UE from PSCell A to PSCell B.
If UE is in the coverage of PCell 1, as the yellow line indicated, PSCell change history may be PSCell A -> PSCell B -> PSCell A, i.e. UE may stay in PSCell B for a short period of time. With such UHI received which implies that Ping-Pong would happen, UE should not be switched from PSCell A to PSCell B.  
If we do not correlate the MN UHI and SN UHI, for example, when UE is in PCell 1 while making the PSCell change decision according to the SN UHI in PCell 0, then UE may be handover from PSCell A to PSCell B and thereby Ping-Pong could not be avoided.  
Observation 1: MN and SN correlated UHI together with the current PCell is useful for SN to select suitable PSCell.
Proposal 1: It is proposed to send the MN and SN correlated UHI from MN to SN. Besides, MN should inform SN of the PCell in case of occurrence of PCell change.
Then the question is how to make SN be aware of the current PCell. In SN Modification/SN addition procedures, PCell information has already been introduced for the purpose of location report. It would be redundant to introduce the same information just to support UE history information. To reuse the existing IE while at the same time avoid unnecessary information transferred on the Xn interface, a flag could be introduced in SN Addition Response message to indicate whether SN needs to be informed on each intra-MN PCell change. Then based on the information from SN, MN could decide whether to inform SN of the PCell for every intra-MN PCell change or not.
Proposal 2: It is proposed to introduce one flag in SN Addition Response message to indicate whether trigger of MN-initiated SN Modification procedures and include current PCell for every intra-MN PCell change is needed or not.
UHI from SN to MN
After receiving correlated UHI and the information on latest PCell information from MN, SN can maintain SN and MN correlated UHI. Then as to whether correlated MN and SN UHI or only SN UHI should be sent from SN to MN, two options are as below:
Option 1: SN sends the correlated MN and SN UHI to MN
Option 2: MN retrieves the SN UHI every time there is PCell change and then MN generates the correlated MN and SN UHI accordingly.
Both of the above solution could work and we do not have very strong opinion on which option should be adopted. Considering it is already supported to transfer correlated MN and SN UHI from MN to SN, it is simple and straightforward to also transfer MN and SN correlated information from SN to MN. We have a slight preference on option 1.
Proposal 3: It is proposed to send correlated MN and SN UHI from SN to MN.

2.2 Handover delay for retrieve SN UHI
It has been discussed for MN to retrieve SN UHI before handover which may increase handover delay as below and there is no consensus. Here we continue discussing this issue.
	Take option 1, i.e. Use SN modification procedures to retrieve SN UHI before handover as baseline. Other solutions are FFS.


In last RAN3 meeting, there were concerns on the possible handover delay if SN UHI is retrieved before handover procedures. In fact, in current handover procedures with dual connectivity involved, anyway, the MN needs to retrieve SCG configuration before handover procedure to support delta configuration. So, retrieval of SN UHI could be realized via the same procedure which means no extra delay is introduced.
On the other handover, if the source MN does not retrieve SCG configuration, there could be other solution to decrease the possible handover delay, i.e. SN could initiate modification procedures to send SN UHI to MN each time SN initiate intra-SN PSCell change. In this way, MN always maintains up-to-date correlated MN and SN UHI and can trigger handover directly. This solution brings more Xn signalling in exchange for the decrease of handover delay and may be applied in time critical scenarios.
This solution may be optional and whether to initiate modification procedures to send SN UHI to MN is up to implementation. 
Proposal4: It is proposed to take the solution of using SN modification procedures to retrieve SN UHI before handover as baseline. Optionally, SN could also initiate modification procedures to send SN UHI to MN when SN initiates intra-SN PSCell change in order to decrease handover delay. It is up to implementation whether SN sends SN UHI to MN each time intra-SN PSCell change occurs.
2.3 Time stamp without SCG
	It is FFS whether Time spent in SCG should be introduced or not


Time stamp is used in legacy UHI which expresses the time UE stay in PCell. If the time stamp is less than predefined limited time for Ping-Pong judge, potential Ping-Pong event may occur. To avoid the occurrence of PSCell change Ping-Pong, time stamp without SCG is used as below example. 
When PSCell changes from Cell A to B and then changes to A without PCell changes. The UHI list by two dimensional array shall be recorded as below:
	PCell
	PCell time
	PSCell
	PSCell time

	PCell ID
	PCell time value
	A
	time value1

	
	
	B
	time value2

	
	
	A
	time value3


If time value2 is relatively short, it may be detected as a PSCell Ping-Pong.
If PSCell is removed during the PSCell change process, the UHI is as below:
	PCell
	PCell time
	PSCell
	PSCell time

	PCell ID
	PCell time value
	A
	time value1

	
	
	B
	time value2

	
	
	absent
	time value4

	
	
	A
	time value3


If time value4 is relatively long, it may not be a PSCell Ping-Pong. To avoid wrong detection of PSCell Ping-Pong, the time stamp without SCG should be recorded in UHI.
Proposal 5: It is proposed to record the time stamp without SCG in UHI which is useful for detecting PSCell Ping-Pong.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]According to the analysis in section 2, we have:
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Observation 1: MN and SN correlated UHI together with the current PCell is useful for SN to select suitable PSCell.
Proposal 1: It is proposed to send the MN and SN correlated UHI from MN to SN. Besides, MN should inform SN of the PCell in case of occurrence of PCell change
Proposal 2: It is proposed to introduce one flag in SN Addition Response message to indicate whether trigger of MN-initiated SN Modification procedures and include current PCell for every intra-MN PCell change is needed or not.
Proposal 3: It is proposed to send correlated MN and SN UHI from SN to MN.
Proposal4: It is proposed to take the solution of using SN modification procedures to retrieve SN UHI before handover as baseline. Optionally, SN could also initiate modification procedures to send SN UHI to MN when SN initiates intra-SN PSCell change in order to decrease handover delay. It is up to implementation whether SN sends SN UHI to MN each time intra-SN PSCell change occurs.
Proposal 5: It is proposed to record the time stamp without SCG in UHI which is useful for detecting PSCell Ping-Pong.
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