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1. Introduction
In this paper, we share some understanding on the leftover issues in idle and inactive mode in NTN.
2. [bookmark: _Toc12718547]Discussion
2. Location based cell reselection
At RAN2#117e, the following options have been raised on the location based cell reselection:
· Option 1: Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection.
-  Step 1: UE perform cell ranking based on the R-criterion.
-  Step 2: Among the highest ranked N cells:
- For cells provided with reference location: only those whose distance to UE shorter than the distance threshold will be considered by UE as candidate cells.
- For cells not provided with reference location:
Alt.1: Not considered as candidate cell for reselection
Alt.2: Considered as candidate cell for reselection
- Step 3: Among all the candidate cells decided by on the distance threshold in step 2, UE reselect to the highest ranked cell based on R-criterion.
· Option 2: Introduce a distance threshold. Distance threshold applies to decide the candidate cells and then rank the candidate cells based on R-criterion to decide the target cell for reselection.
- Step 1:
- For cells provided with reference location: UE evaluate the distance to neighbour cell reference location and only consider cells whose distance to UE are shorter than the threshold to be candidate cells for cell ranking;
- For cells not provided with reference location:
Alt.1: Not considered as candidate cell for reselection
Alt.2: Considered as candidate cell for reselection
- Step 2: UE perform cell ranking on candidate cells decided in step 1 according to R-criterion.
- Step 3: UE reselect to the highest ranked cell.
· Option 3: Cell ranked on R-criterion first and then the distance criteria applies to decide the target cell for reselection.
- Step 1: UE perform cell ranking based on the R-criterion.
- Step 2: Among the highest ranked N cells:
- For cells provided with reference location, UE reselect to the cell with the smallest distance to the cell’s reference location.
- For cells not provided with reference location, UE reselect to the highest ranked cell based on R-criterion.
An example is given below to show the cell reselection result of the three options on distance based cell reselection:


Figure 1: An example of cell deployment and distance based cell reselection
Assumption of the cell ranking based on the R-criterion: Cell4>Cell2>Cell3>Cell1.
Cell1/2/3 are provided with reference location while cell4 is not. 
Distance between UE and cell reference location shorter than the distance threshold: Cell2 and cell 3.
Highest ranked N cells: N=3, cell 4/3/2.
	Option
	Expected UE behaviors
	Reselection result 

	Option 1- Alt.1
	· Cell ranking performed on all the detected cells;
· Distance evaluation on the highest ranked N cells which have been provided with reference location;
· If none of the highest ranked N cells are provided with reference location, UE look at other cells who rank lower;
· Among the N cells, UE treat cells with distance to UE shorter than the threshold as candidate target cells and reselect to the highest ranked one.
	Candidate cells for reselection: Cell2/3
Target for reselection: Cell2

	Option 1- Alt.2
	· Cell ranking performed on all the detected cells;
· Distance evaluation on the highest ranked N cells which have been provided with reference location;
· If none of the highest ranked N cells are provided with reference location, UE ignore the distance threshold and reselect to the highest ranked cell;
· Among the N cells, UE treat cells with distance to UE shorter than the threshold and cells not provided with reference location as candidate target cells and reselect to the highest ranked one.
	Candidate cells for reselection: Cell2/3/4 
Target for reselection: Cell4

	Option 2-Alt.1
	· Distance evaluation on the all the cells which have been provided with reference location;
· Cell ranking performed on cells with distance to UE shorter than the threshold.
· If none of the cells provided with reference location are closer to UE than the distance threshold, no cell can be selected following the location based reselection rule.
· Among all the cells whose distance to UE are shorter than the threshold, UE reselect to the highest ranked one.
	Candidate cells to be ranked: Cell2/3
Target cell for reselection: Cell2


	Option 2-Alt.2
	· Distance evaluation on the all the cells which have been provided with reference location;
· Cell ranking performed on cells with distance to UE shorter than the threshold and cells not provided with reference location.
· If none of the cells provided with reference location are closer to UE than the distance threshold, all the cells will be ranked and UE reselect to the highest ranked one.
· Among all the cells whose distance to UE are shorter than the threshold, UE reselect to the highest ranked one.
	Candidate cells to be ranked: Cell2/3/4
Target cell for reselection: Cell4

	Option 3
	· Cell ranking performed on all the detected cells;
· Distance evaluation on the highest ranked N cells which have been provided with reference location:
· For cells provided with reference location, UE reselect to the cell with the smallest distance to the cell’s reference location.
· For cells not provided with reference location, UE reselect to the highest ranked cell based on R-criterion.
	Candidate cells for reselection: Cell3/4 and UE have to select one from them as the final decision.


For option 1 and option 3, UE is only required to evaluate the distance to at most N cells. In option 2, UE is required to evaluate the distance to all the cells provided with reference location, introducing more complexity and power consumption at UE side. Thus, option 1 and 3 are preferred over option 2.
The main difference between option 1 and option 3 is the target cell is decided based on cell ranking according to R-criterion in option 1 but based on the distance to UE in option 3 among highest ranked N cells. Option 1 is preferred from our side as we are concerned about the interference from the highest ranked cell if the target cell is decided based on distance.
For Alt.1 and Alt.2 in option 1, UE has to look at cells ranked lower if none of the highest ranked N cells are provided with reference location if we go for option 1, the interference from the highest ranked cell not provided with reference location would still be a concern thus Alt.1 is preferred.
Proposal 1: Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection with the following steps in detail:
-  Step 1: UE perform cell ranking based on the R-criterion.
-  Step 2: Among the highest ranked N cells.
- For cells provided with reference location: only those whose distance to UE shorter than the distance threshold will be considered by UE as candidate cells.
- Cells not provided with reference location will not be considered as candidate cell for reselection
- Step 3: Among all the candidate cells decided by on the distance threshold in step 2, UE reselect to the highest ranked cell based on R-criterion.
Regarding how to decide the highest ranked N cells in step 1, the following options can be considered:
· Option 1: The N is not a fixed value and the highest ranked N cells are cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
· Option 2: N is a fixed value in specification or configured by NW.
Proposal 2: Down select from the following options on how to determine the highest ranked N cells in Step 2:
--Option 1: The N is not a fixed value and the highest ranked N cells are cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
--Option 2: N is a fixed value in specification or configured by NW.
2. NTN specific cell bar indication
The following working assumption has been made at RAN2#117e:
To prevent non-NTN capable UE from accessing an NTN cell in Rel-17, for NR-NTN RAN2 follows a similar solution as in IoT-NTN (FFS on the details and whether this is always needed or not).
Further discussion happened during RAN2#117e and in the post email on UE interpretation of the existing cell bar and the new NTN specific bar bit. General understanding on UE interpretation is summarized in the following table.
Table 1: UE interpretation on the bar bit
	Cell type
	Presence and Setting of the cellBarred and cellBarred-NTN
	UE interpretation on the bar bit
	Use case for such setting

	
	
	TN only UE
	NTN-only UE 
	UE supporting both TN and NTN
	

	TN cell

	cellBarred: “barred”;
cellBarred-NTN: absent
	The cell is barred.
	The cell is non-NTN capable thus cannot get access to.
	The cell is barred.
	TN cell would like to bar all the UEs.

	
	cellBarred: “not barred”;
cellBarred-NTN absent
	The cell is not barred.
	The cell is non-NTN capable thus cannot get access to.
	The cell is not barred but only allow access from UE in TN mode.
	TN cell allow UE supporting TN mode to camp.

	NTN cell
	cellBarred: “barred”;
cellBarred-NTN: “barred”
	The cell is barred.
	The cell is barred.
	The cell is barred.
	NTN cell would like to bar all the UEs.

	
	cellBarred: “not barred”;
cellBarred-NTN: “barred”
	The cell is not barred.
	The cell is barred.
	The cell is not barred but only allow access from UE in TN mode.
	NTN cell would like to bar NTN capable mode UE but allow access from TN mode UE.
=>Corner case since TN mode UE would not be able to get access to NTN cell but having such setting at least allows UE to camp on a NTN cell without losing coverage.

	
	CellBarred: “barred”;
cellBarred-NTN: “not barred”
	The cell is barred.
	The cell is not barred.
	The cell is not barred but only allow access from UE in NTN mode.
	NTN cell would like to bar the TN only mode UEs but allow NTN capable UEs to camp.

	
	cellBarred = “not barred”;
cellBarred-NTN = “not barred”
	The cell is not barred.
	The cell is not barred.
	The cell is not barred.
	NTN cell would like to allow all kinds of UE to camp.
=>Corner case since TN only mode UE would not be able to get access to NTN cell but having such setting at least allows UE to camp on a NTN cell without losing coverage.



Based on the above table, the following rules can be summarized on UE interpretation on the existing bar bit and the new bar bit:
(1) TN only mode UE follow the setting of the existing cellBarred;
(2) NTN only mode UE follow the setting of cellBarredNTN and consider the cell as barred if cellBarredNTN is not present;
(3) UE supporting both TN and NTN follow the setting of the existing cellBarred, if cellBarredNTN is not present, and can only access in TN mode if cellBarred is “not barred”.
(4) UE supporting both TN and NTN follow the setting of the existing cellBarred and cellBarredNTN:
--If cellBarred is “not barred” while cellBarredNTN is “barred”, UE can only access in TN mode.
--If cellBarred and cellBarredNTN are both set to “not barred”, UE can access either in TN mode or NTN mode.
--If cellbarred is “barred” while cellBarredNTN is “not barred”, UE can only access in NTN mode.
--If cellBarred and cellBarredNTN are both set to “barred”, the cell is barred and do not allow access from UE in TN or NTN mode.
Since the expected UE behavior is clear based on the above rules, we understand the working assumption can be confirmed.
Proposal 3: Confirm the working assumption that new bit, e.g. cellBarred-NTN, is introduced for NR-NTN.
Proposal 4: For the case when cellBarredNTN is introduced:
--TN only mode UE follow the setting of the existing cellBarred;
--NTN only mode UE follow the setting of cellBarredNTN and consider the cell as barred if cellBarredNTN is not present;
--UE supporting both TN and NTN follow the setting of the existing cellBarred, if cellBarredNTN is not present, and can only access in TN mode if cellBarred is “not barred”.
--UE supporting both TN and NTN follow the setting of the existing cellBarred and cellBarredNTN:
--If cellBarred is “not barred” while cellBarredNTN is “barred”, UE can only access in TN mode.
--If cellBarred and cellBarredNTN are both set to “not barred”, UE can access either in TN mode or NTN mode.
--If cellbarred is “barred” while cellBarredNTN is “not barred”, UE can only access in NTN mode.
--If cellBarred and cellBarredNTN are both set to “barred”, the cell is barred and do not allow access from UE in TN or NTN mode.
2. Provision of neighbor cell ephemeris
The following agreements have been made on broadcasting the neighbor cell ephemeris but have not been implemented in the latest spec:
At least neighbor cell Ephemeris information shall be broadcast. FFS on other information about neighbor cells
The validity timer information for neighbor cell’s ephemeris information should be introduced in system information and it can be the same as or different from the validity timer of the serving cell.
On broadcasting the neighbor cell ephemeris information, we understand the following information should be provided per satellite:
--Ephemeris info
-- Valid time duration of the ephemeris information, which can be the same or different from the ntnUlSyncValidityDuration-r17 of the serving cell
-- Association between the ephemeris info and neighbor cells by providing the PCI range or list of neighbor cells served by the satellite.
And it is better to broadcast information also in the NTN specific SIB, i.e. SIB19.
Proposal 5: The following parameters should be broadcast per satellite as neighbor cell ephemeris information in SIB19:
-- ephemerisInfo-r17;
--ntnEpheValidityDuration-r17;
--association between the ephemeris info of the satellite and neighbor cells by providing the PCI range or list of the cells served by this satellite.
Since the ephemeris information is provided per satellite, it is possible that different neighbor cells are served by different satellites thus network should be allowed to broadcast more than one set of ephemeris information and we would better set an upper bound of the numbers of satellites serving the neighbor cells for which the ephemeris information is broadcast.
The maximum size of ephemeris ephemerisInfo-r17 would be 168 bits while the maximum SIB1 or SI message size is 2976 bits. Considering that other information will also be included in SIB19, we suggest to set the upper bound of the numbers of satellites serving the neighbor cells for which the ephemeris information is broadcast to 4.
Proposal 6: NW is allowed to broadcast ephemeris information for up to 4 satellites serving the neighbor cells. 
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
Proposal 1: Introduce a distance threshold. Cell ranked on R-criterion first and then the distance threshold applies to down scope the candidate cells for reselection with the following steps in detail:
-  Step 1: UE perform cell ranking based on the R-criterion.
-  Step 2: Among the highest ranked N cells.
- For cells provided with reference location: only those whose distance to UE shorter than the distance threshold will be considered by UE as candidate cells.
- Cells not provided with reference location will not be considered as candidate cell for reselection
-  Step 3: Among all the candidate cells decided by on the distance threshold in step 2, UE reselect to the highest ranked cell based on R-criterion.
Proposal 2: Down select from the following options on how to determine the highest ranked N cells in Step 2:
--Option 1: The N is not a fixed value and the highest ranked N cells are cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
--Option 2: N is a fixed value in specification or configured by NW.
Proposal 3: Confirm the working assumption that new bit, e.g. cellBarred-NTN, is introduced for NR-NTN.
Proposal 4: For the case when cellBarredNTN is introduced:
--TN only mode UE follow the setting of the existing cellBarred;
--NTN only mode UE follow the setting of cellBarredNTN and consider the cell as barred if cellBarredNTN is not present;
--UE supporting both TN and NTN follow the setting of the existing cellBarred, if cellBarredNTN is not present, and can only access in TN mode if cellBarred is “not barred”.
--UE supporting both TN and NTN follow the setting of the existing cellBarred and cellBarredNTN:
--If cellBarred is “not barred” while cellBarredNTN is “barred”, UE can only access in TN mode.
--If cellBarred and cellBarredNTN are both set to “not barred”, UE can access either in TN mode or NTN mode.
--If cellbarred is “barred” while cellBarredNTN is “not barred”, UE can only access in NTN mode.
--If cellBarred and cellBarredNTN are both set to “barred”, the cell is barred and do not allow access from UE in TN or NTN mode.
Proposal 5: The following parameters should be broadcast per satellite as neighbor cell ephemeris information in SIB19:
-- ephemerisInfo-r17;
--ntnEpheValidityDuration-r17;
--association between the ephemeris info of the satellite and neighbor cells by providing the PCI range or list of the cells served by this satellite.
Proposal 6: NW is allowed to broadcast ephemeris information for up to 4 satellites serving the neighbor cells. 
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