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Introduction
At TSG-RAN WG3 #114-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
In last RAN3 meeting, the following agreement has been achieved.
	Correlated MN and SN UHI using a nested structure shall be included in the handover request message from MN.


But, when merging agreed TP, the current Last Visited PSCell List IE cannot be appended to the Last Visited Cell Information IE based on ASN.1 structure of the UEHistoryInformation. In order to make correlation of MN and SN UHI, we propose to include Last Visited PSCell List IE inside Last Visited E-UTRAN Cell Information IE and Last Visited NG-RAN Cell Information IE.
Proposal 1: It is proposed to revise the nested structure of Correlated MN and SN UHI and include Last Visited PSCell List IE inside Last Visited E-UTRAN Cell Information IE and Last Visited NG-RAN Cell Information IE.

2.2 Time spent without SCG
In last RAN3 meeting, there is an open issue on whether to include Time spent without SCG or Time stamp in SN UHI.
	Open issue 1: Whether/how to include Time spent without SCG or Time stamp in SN UHI


In my opinion, this information is used to indicate the time during which SN is removed as the figure below:



Step 2: MN correlate MN and SN UHI when receiving SN release related message.
Step 3: A new SN is added and MN send SN addition request message to SN in which MN and SN correlated UHI is included.
As discuss before, the time without SN shall be included in MN and SN correlated UHI in order to detect PSCell ping-pong occurrence. MN shall calculate the time between step 2 and step 3 and include it in MN and SN correlated UHI when sending SN addition request message to SN.
Proposal 2: MN shall include the time without SN in correlated MN and SN UHI instead of in SN UHI when sending SN addition request message to SN.
About how to include the time without SN, there are two solutions as discussed in last RAN3 meeting as below.
Solution 1: Time spent without SCG:
9.2.3.X	Last Visited Secondary Cell Information
The Last Visited Secondary Cell Information may contain cell specific information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics Description
	Criticality
	Assigned Criticality

	CHOICE Last Visited Secondary Cell Information
	M
	
	
	
	
	

	>NG-RAN Cell
	
	
	
	
	
	

	>>Last Visited Secondary NG-RAN Cell Information
	M
	
	9.2.3.X1
	
	
	

	>E-UTRAN Cell
	
	
	
	
	
	

	>>Last Visited Secondary E-UTRAN Cell Information
	M
	
	9.2.3.X2
	
	
	

	>No Secondary Cell
	
	
	
	
	YES
	ignore

	>>No Secondary Cell Information
	M
	
	OCTET STRING
	FFS
	YES
	ignore



Solution 2:Time stamp:
9.2.3.X1	Last Visited Secondary NG-RAN Cell Information
This IE contains information about a cell. In case of NR cell, this IE contains information about a set of NR cells with the same NR ARFCN for reference point A, and the Global Cell ID IE identifies one of the NR cells in the set. The information is to be used for RRM purposes.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Global Cell ID
	M
	
	Defined in TS 38.413 [5]
	

	Time UE Stayed in Cell
	M
	
	INTEGER (0..4095)
	The duration of time the UE stayed in the cell, or set of NR cells with the same NR ARFCN for reference point A, in seconds. If the duration is more than 4095s, this IE is set to 4095.

	Time UE Stayed in Cell Enhanced Granularity
	O
	
	INTEGER (0..40950)
	The duration of time the UE stayed in the cell, or set of NR cells with the same NR ARFCN for reference point A, in 1/10 seconds. If the duration is more than 4095s, this IE is set to 40950.

	Time Stamp
	O
	
	OCTET STRING (SIZE(4))
	Defined as Time Stamp in TS 38.413[5]


For solution 1, the No Secondary Cell Information shall include the time when SN removed.
For solution 2, time stamp is a point in time while the time without SN is a period of time. We do not how the solution 2 is used.
So, we prefer solution 1.
Proposal 3: It is proposed to include Time spent without SCG instead of time stamp in correlated MN and SN UHI.
As discussed above, a new Last Visited PSCell Information IE is defined in R3-220519 [2] as below:
9.2.X	Last Visited PSCell Information
The Last Visited PSCell Information may contain cell specific information.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Last Visited PSCell Information
	M
	
	
	

	>NG-RAN Cell
	
	
	
	

	>>Last Visited NG-RAN PSCell Information
	M
	
	OCTET STRING
	Defined in TS 38.413 [39].

	>E-UTRAN Cell
	
	
	
	

	>>Last Visited E-UTRAN PSCell Information
	M
	
	9.2.X1
	

	>No PSCell
	
	
	
	

	>>No PSCell Information
	M
	
	9.2.X2
	FFS


9.2.X1	Last Visited E-UTRAN PSCell Information
The Last Visited E-UTRAN PSCell Information contains information about a cell that is to be used for RRM purposes.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Global Cell ID
	M
	
	ECGI
9.2.14
	
	-
	

	Time UE stayed in PSCell
	M
	
	INTEGER (0..4095)
	The duration of the time the UE stayed in the PSCell in seconds. If the UE stays in a cell more than 4095s, this IE is set to 4095.
	-
	

	Time UE stayed in PSCell Enhanced Granularity
	O
	
	INTEGER (0..40950)
	The duration of the time the UE stayed in the PSCell in 1/10 seconds. If the UE stays in a PSCell more than 4095s, this IE is set to 40950.
	YES
	ignore


9.2.X2	No PSCell Information
No PSCell Information contains the duration of time when SN is released.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Time UE stayed in PSCell
	M
	
	INTEGER (0..4095)
	The duration of the time the UE stayed in the PSCell in seconds. If the UE stays in a cell more than 4095s, this IE is set to 4095.
	-
	

	Time UE stayed in PSCell Enhanced Granularity
	O
	
	INTEGER (0..40950)
	The duration of the time the UE stayed in the PSCell in 1/10 seconds. If the UE stays in a PSCell more than 4095s, this IE is set to 40950.
	YES
	ignore


The new defined Last Visited PSCell Information IE is included in SCG UE History Information IE and Last Visited E-UTRAN Cell Information IE. 
SCG UE History Information IE is used by SN to collect SN UHI and send back to MN during which NG-RAN Cell and E-UTRAN Cell choice can be selected.
Last Visited E-UTRAN Cell Information IE is used by MN to correlate MN and SN UHI. If there is no SN, No PSCell choice is used to indicate time without SN.
Proposal 4: It is proposed to define Last Visited PSCell Information IE as in R3-220519 [2] which can be used by both SN and MN.
2.3 How to correlate MN and SN UHI
Here we discuss the open issue as below:
	Open issue 4: FFS how to correlate MN and SN UHI.


There are some agreements as below:
	Correlated MN and SN UHI using a nested structure is transferred from MN to SN.
Only SN UHI is transferred from SN to MN.


As we can see, although SN may maintain correlated MN and SN UHI, only SN UHI can be sent from SN to MN. Therefore, MN has to make correlation when receiving SN UHI.
Observation 1: it is MN’s duty to correlate MN and SN UHI while for SN, it is optional.
The figure below illustrates how the MN correlates MN and SN UHI.


SN maintains SN UHI as below:
SN UHI: (PSCell a, stay time a) -> (PSCell b, stay time b) -> (PSCell c, stay time c)
MN maintains MN UHI as below:
MN UHI: (PCell A, stay time A) -> (PCell B, stay time B) -> (PCell C, stay time C)
When receiving SN release message which includes SN UHI, MN can generate MN and SN UHI based on the PCell and PSCell stay time as below.
Because SN may not know the intra-MN PCell change, the same PSCell information may be appended to different PCell as highlighted below.
	PCell CGI
	PCell stay time
	PSCell CGI
	PSCell stay time

	PCell A
	stay time A
	NO SN
	stay time x

	
	
	PSCell a
	stay time a

	
	
	PSCell b
	stay time b1

	PCell B
	stay time B
	PSCell b
	stay time b2

	
	
	PSCell c
	stay time c1

	PCell C
	stay time C
	PSCell c
	stay time c2

	
	
	NO SN
	stay time y


Proposal 5: It is proposed that MN can correlate MN and SN UHI based on the PCell and PSCell stay time each time receiving SN release message.

2.4 intra-MN PCell change case
As we discussed before, we believe that correlate MN and SN is beneficial for PSCell selection, so, correlated MN and SN UHI using a nested structure is transferred from MN to SN. But we notice that if intra-MN PCell change occurs, SN maybe not aware of that and may not select suitable PSCell accordingly. 
There is an example as below.


If UE is deciding whether to select PSCell A or PSCell B, the PCell shall be considered.
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.  
Observation 2: Current PCell is useful for SN to select suitable PSCell.
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.
[bookmark: _GoBack]Proposal 6: 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.

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]Proposal 1: It is proposed to revise the nested structure of Correlated MN and SN UHI and include Last Visited PSCell List IE inside Last Visited E-UTRAN Cell Information IE and Last Visited NG-RAN Cell Information IE.
Proposal 2: MN shall include the time without SN in correlated MN and SN UHI instead of in SN UHI when sending SN addition request message to SN.
Proposal 3: It is proposed to include Time spent without SCG instead of  time stamp in correlated MN and SN UHI.
Proposal 4: It is proposed to define Last Visited PSCell Information IE as in R3-220519 [2] which can be used by both SN and MN.
Observation 1: it is MN’s duty to correlate MN and SN UHI while for SN, it is optional.
Proposal 5: It is proposed that MN can correlate MN and SN UHI based on the PCell and PSCell stay time each time receiving SN release message.
Observation 2: Current PCell is useful for SN to select suitable PSCell.
Proposal 6: 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.
Reference
[1] R3-220518 "(TP on UE history information for 36.413) Addition of UE history information for SN" RAN3#114-e
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TP for TS38.300
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]15.5.4	UE History Information
The source NG-RAN node collects and stores the UE History Information for as long as the UE stays in one of its cells. For Dual Connectivity scenario, UE History Information includes correlated Pcell and PScell History Information.
The UE may report the UE history information when connecting to a cell of the NG-RAN node. The UE History Information may include correlated Pcell and PScell History Information.
When information needs to be discarded because the list is full, such information will be discarded in order of its position in the list, starting with the oldest cell record. If the list is full, and the UE history information from the UE is available, the UE history information from the UE should also be discarded.
The resulting information is then used in subsequent handover preparations by means of the Handover Preparation procedures over the NG and XN interfaces, which provide the target NG-RAN node with a list of previously visited cells and associated (per-cell) information elements. The Handover Preparation procedures also trigger the target NG-RAN node to start collection and storage of UE history Information and thus to propagate the collected information.
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