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Introduction
At RAN3 #111-e meeting, some agreements on UHI in MR-DC scenario have been reached while there is still many FFS left. In this contribution, we continue to discuss open issues on UHI and give our proposals accordingly.
Discussion
2.1 Which node (MN or SN) collects SN UHI (network side UHI)?
At last RAN3 meeting, for this issue, 10 companies propose to let SN collect SN UHI and 2 companies propose to let MN collect SN HUI, no conclusion was made.
We revisit the email discussion in last RAN3 meeting on UE history information and list the concerns on SN collecting SN UHI from companies as below:
1) SN UHI can be useful in MN for mobility decisions
For this bullet, our view is that for MN initiated SN change procedure, MN is only responsible for the selection of SN node and it is SN itself to decide the PScell. Since MN could always have SN node history information no matter the SN UHI is collected by MN or SN, there is no problem for MN to use the SN history information to make decision on SN change in any cases.
Observation 1: Collecting SN UHI in SN node does not prevent MN from making decision on SN change with SN node history information considered.
2) Colleting SN UHI in SN may have impact on MRO for SN change failure considering it is agreed that  “MN performs initial analysis to identify the node that caused the failure”. 
As analyze in observation 1, no matter it is MN to collect UE history information or SN collect UE history information, MN could always has the knowledge of history SN node. So,for MRO on SN change failure,it is easy for the MN to identify the node that caused the SN change failure. For example, if SN failure happened immediately after SN change, MN should know that the source SN is the node caused failure. On the othe hand, if SCG failure happened without any SN change happended, the current SN node is the node which has problem.
For the case of intra-SN Pscell change,MN just send the message to the current SN and it is SN itself analize the root cause of Pscell change failure based on history information or UE report.For MR-DC,it is SN itself which traiggerred the intra-SN Pscell change not MN.Based on that,we do not think there is problem to let SN collect the SN UHI for MRO on SN change failure.

Observation 2: Collecting SN UHI in SN node does not have impact on the agreement made in MRO for SN change failure i.e. MN performs initial analysis to identify the node that caused the failure
Based on observation 1 and observation 2, we have the following proposal:
Proposl1:  It is proposed for RAN3 to agree that SN collect SN UHI.

2.2 Co-related structure for MN and SN UHI
With UE history information, the NG-RAN node could detect the occurrence of ping-pong and also provide assistance information for mobility decision. Similarly, SN UHI could also be beneficial for the decision on Pscell change decision. However, whether there is PScell change ping-pong happened or not also depends on which pcell is providing service to UE. This is illustrated in the figure1:
If UE is in the coverage of PCell 0, as the blue line indicated, the Pscell change history may be PScellA -> 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 PScellA -> PScell B ->PScell A,i.e. UE may stay in PSCell B for a short period of time 1.With such SUI received which implies that PingPong would happen, UE should not be switched from PScell A to PScell B.  
If we do not correlate the MN ULI 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 pingpong could not be avioded.  



                                                 Figure 1 UE UHI in MR-DC scenario
Based on above analysis, we have the following observation:
Observation 3: SN UHI may be different in case Pcell is different. So, MN UHI and SN UHI should be correlated.
In last RAN3 meeting, no agreement was reached on which alternative should be adopted to support the correlation of SN UHI and MN UHI, there was still FFS left as below:
	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.


For how to co-relate MN and SN UHI, there are mainly two opinions proposed. One is two dimensional structure for MN and SN UHI, the other is separated IE for MN and SN UHI.
Option 1: two dimensional array
The first dimension of the two dimensional array is used to represent PCell, and the second dimension is used for PSCell. There are two separate UE stayed time for PCell and PSCell.
The tabular for solution 1 is described as below:
UE History Information:
	IE/Group Name
	Presence
	Range
	description

	Last Visited Cell Item
	
	1..<maxnoofCellsinUEHistoryInfo>
	

	>PCell ID
	M
	
	legacy UHI part

	>Time UE Stayed in PCell
	M
	
	legacy UHI part

	> Last Visited PSCell List
	
	0..1
	new SN UHI

	>> Last Visited PSCell Item
	
	1..<maxnoofPSCellsinUEHistoryInfo>
	

	>>> Last Visited PSCell Information
	M
	
	One item of SN UHI. 



	Range bound
	Explanation

	maxnoofCellsinUEHistoryInfo
	Maximum no. of cells in the UE history information. Value is 16.

	maxnoofPSCellsinUEHistoryInfo
	Maximum no. of PScells in the UE history information. Value is 16.


Last Visited PSCell Information
	IE/Group Name
	Presence
	Range
	description

	PSCELL ID
	O
	
	When PSCell is removed, the PSCell ID in Last Visited PSCell Information is absent and the time UE stay may be used to express the time without PSCell.

	Time UE Stayed in PSCell
	M
	INTEGER (0..4095)
	



Option 2: separated SN and MN UHI
	IE/Group Name
	Presence
	Range
	description

	Last Visited Cell Item
	
	1..<maxnoofCellsinUEHistoryInfo>
	

	>PCell ID
	M
	
	legacy UHI part

	>Time UE Stayed in PCell
	M
	
	legacy UHI part

	Last Visited PSCell Item
	
	1..<maxnoofPSCellsinUEHistoryInfo>
	

	>PSCell ID
	M
	
	legacy UHI part

	>Time UE Stayed in PSCell
	M
	
	legacy UHI part



In our opinion, option 2 cannot obtain the relationship between PCell and PSCell for the reasons below:
1. Option 2 is separated for SN and MN UHI and we cannot detect the relationship between PCell and PSCell from IE structure directly.
2. We also cannot calculate the time UE Stayed in PSCell and PCell to deduce the relationship between PCell and PSCell for two reasons. 
Reason 1: Considering the separated SN and MN UHI as below:
MN UHI: (PCell 1, time 2) -> (PCell 2, time 1)
SN UHI: (PSCell A, time 1) -> (PSCell B, time 1)
If we want to deduce the relationship between MN and SN, the result in table 1 and table 2 may be derived and we cannot decide which one is right.  Actually when SN is removed, there is no information recorded in SN UHI. So, it is hard to correlate SN UHI with MN UHI.
	PCell
	PCell time
	PSCell
	PSCell time

	1
	2
	A
	1

	
	
	NO PSCell
	ⅹ

	2
	1
	B
	1


Table 1 separated MN and SN UHI
	PCell
	PCell time
	PSCell
	PSCell time

	1
	2
	A
	1

	
	
	B
	1

	2
	1
	NO PSCell
	ⅹ


Table 2 separated MN and SN UHI
Reason 2: Because UHI will be discarded in order of its position in the list, starting with the oldest cell record when UHI list is full. The two lists of MN and SN UHI may be not aligned in time at the beginning of the list.
Observation4: It is difficult to obtain the relationship between PCell and PSCell for separated SN and MN UHI.
Based on above observation, we have the following proposal:
Proposal 2: It is proposed to use two dimensional array to realize the correlation of MN and SN UHI. 

2.3Add UHI in SN addition/modification/change/release procedures
It has been discussed at last RAN3 meeting that including UHI in SN addition/modification/change/release procedures.
	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


It has been agreed by all that UHI should be included in SN addition/change procedures.
As to inclusion of UHI in SN release procedures, it is necessary for MN to continue to update co-related UHI when SN absent. So, it is proposed to include UHI in SN release procedures from SN to MN.
For inclusion of UHI in SN modification procedures, MN may fetch this information from SN whenever needed. For example, when triggering MN handover without/with SN change, MN should include UHI in handover request message which includes MN and SN UHI. The source MN may trigger the MN-initiated SN Modification procedure (to the source SN) to retrieve the current SCG configuration and UHI before MN handover. Moreover, SN should have the method to send its own maintain UHI to MN. Whenever receiving SN UHI, MN should update UHI. So, it is proposed to include UHI in SN modification procedures from SN to MN.
Proposal 3: It is proposed to also include UHI in SN addition/modification/change/release procedures.
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

2.4 SN UHI between SN and MN
For the information transferred between SN and MN, there is FFS left as below:

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.

From our point of view, since intra-MN handover without SN change may happen, the SN UHI transferred from SN to MN should be the correlated MN and SN UHI. Otherwise, the MN could not know which Pcell the cells included in the SN Pscell list is related with. 
For the SN UHI from MN to SN, since SN needs to make decision on PScell change with SN Pscell history information in current Pcell considered, it is natural that correlated MN and SN UHI should be sent from MN to SN.
Proposal 4: It is proposed to transfer correlated MN and SN UHI between MN and SN.

Currently, it is already supported to transfer Pcell information for MN to SN via SN Addition procedure or SN Modification procedure. However, it is argued that this information is optional so SN may not always have the latest Pcell information. To resolve the problem, 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 5: It is proposed to introduce one flag in SN Addition Response message to indicate whether to trigger MN-initiated SN Modification procedures and include current Pcell for every intra-MN PCell change.

2.5 Time stamp
Time stamp is used in legacy UHI which expresses the time UE stayed in PCell. If the time duration in one cell  is less than predefined limited time for pingpong judge, potential ping-pong event may occur.
To avoid the occurrence of PSCell change pingpong, time stamp may be also needed. In addition, if the time duration is relatively long for certain PSCell in UHI, it may be reasonable to select this PSCell to serve UE. So, time stamp for SN is useful and should be supported.
Proposal 6: It is proposed to include SN time stamp in UHI.
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 ping-pong, the time duration when SN is not present should be recorded in UHI.
Proposal 7: It is proposed to record the time duration in UHI when SN removed 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:
Observation 1: Collecting SN UHI in SN node does not prevent MN from making decision on SN change with SN node history information considered.
Observation 2: Collecting SN UHI in SN node does not have impact on the agreement made in MRO for SN change failure i.e. MN performs initial analysis to identify the node that caused the failure
Proposl 1:  It is proposed for RAN3 to agree that SN collect SN UHI.
Observation3: SN UHI may be different in case Pcell is different. So, MN UHI and SN UHI should be correlated.
Observation4: It is difficult to obtain the relationship between PCell and PSCell for separated SN and MN UHI.
Proposal 2: It is proposed to use two dimensional array to realize the correlation of MN and SN UHI. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 3: It is proposed to also include UHI in SN addition/modification/change/release procedures.
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
Proposal 4: It is proposed to transfer correlated MN and SN UHI between MN and SN.
Proposal 5: It is proposed to introduce one flag in SN Addition Response message to indicate whether to trigger MN-initiated SN Modification procedures and include current Pcell for every intra-MN PCell change.
Proposal 6: It is proposed to include SN time stamp in UHI.
Proposal 7: It is proposed to record the time stamp in UHI when SN removed which is useful for detecting PSCell ping-pong.
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