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1. Introduction 
NTN WI is approved in [1] and the related agreements so far are as follow:
Agreements:
1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
1. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
1. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

Agreements via email - from offline 106:
1. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
1. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
1. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.

This contribution continues to discuss the idle mode operation in NTN.
2. Discussion 
During last meeting, a number of agreements are made related to idle mode operation. First is NR cell selection and reselection will be the baseline for NTN idle mode procedure. It is also agreed that Satellite/HAPS ephemeris based cell selection and reselection should be defined and FFS when to be used. In TR38.821, it was concluded that “Ephemeris information and UE location information can be used to help UEs perform measurement and cell selection/reselection, in addition to PCI and frequency information included in the broadcast system information. How to deliver and utilize the information can be defined in the WI phase.” These imply the Satellite/HAP ephemeris will be provided to the UE somehow.
Observation 1: Satellite/HAP ephemeris will be provided to the UE in idle mode.
One cell selection/ reselection procedure can be based on satellite/HAPS ephemeris information provided to the UE and UE own location. However, UE using location information in idle mode may impact power consumption. On the other hand, with satellite location information, the UE can perform cell reselection in more predictable manner. 
· Option 1: UE performs cell selection and reselection procedure based on satellite/HAPS ephemeris information and its own location (e.g. distance between the UE and satellite).
· Option 2: UE performs cell selection and reselection procedure based on measurement of satellite but the measurement requirement can be based on the distance between UE and the satellite.
· Option 3: It is up to UE implementation how to use the satellite/HAPS ephemeris information for cell selection and reselection. 
Proposal 1: RAN2 to discuss the options above for cell selection and reselection for NTN.
During last meeting, it was agreed that NTN or TN should be known to the UE.  And FFS whether to achieve this in an implicit or explicit way. In our view, due to cell selection and reselection procedure and priority of NTN and UE may not support NTN network, NTN and TN type should be signal to the UE explicitly. 
Proposal 2: NTN and TN type should be signal to the UE explicitly.

Tracking area update in NTN
During the study item, one of the main issues for idle mode mobility is tracking area update for NTN due to moving cells. There were two categories: moving tracking area and fixed tracking area for NRN LEO. It was concluded to move forward with fixed tracking area solution to reduce UE TAU when satellite is moving. Therefore, in this contribution, we focus on fixed tracking area for NTN.
In order to allow fixed tracking area, for moving satellite such as LEO will need to update it’s tracking area and broadcast the new tracking area when it moves to a different geographic area. Figure 1 [2] below illustrates when a satellite moves along, TAC is changing from TAC#1, TAC#2 then TAC#3 at different time. The UE then based on PLMN ID and TAC to determine TAI and decide if registration area updated needs to be triggered. 


Figure 1: An example of updating TAC and PLMN ID in real-time [2]
However, one problem remains is that when the cell should update the TAC (the TAC switching point). When a UE is at the cell edge and a cell is moving, then it will move out of the UE coverage area. At the same time, another cell may move into the same coverage area of the UE. Figure 2 below illustrates the problem, the UE is stationary, but the tracking area is TAC2 at T1, then updates to TAC1 at T2 due to the blue moving cell then back to TAC2 at T3 because blue cell tracking area changes from TAC1 to TAC2. This is because the switching point is chosen at a hard switch when the cell is entirely passing the dotted line below. 


Figure 2: TAC fluctuation at the border area [2]
Alternatively, network can assign multiple TACs per PLMN per UE. In that case, Blue cell in Figure 2 above may contain both TAC1 and TAC2 at T2. UE will not need to perform TAU because the blue cell also belongs to TAC2. The trade-off of this scheme is that there will be more signalling overhead for paging.
Current NR already supports multiple TAC assign per UE and it can be based on NW implementation to distribute the UEs at the cell edge so that no large number of UEs perform TAU at the same time. 
One other approach mentioned in the study item is to divide the earth into a lot of geographical areas. And for each area is mapped to a certain TAC. UE and satellite cells will be based on its location information and map the TAC. 
[image: ]
Figure 3: TA by dividing the geographic area into small areas
Figure 3 shows an example dividing the area into many small TA. For easy explanation, each square is a TAC indicates by the row number then column number. For example, the left most corner is TAC11 and right most corner is TAC18.The cell is moving from T1 to T4. In T1, cell 1 will have TAC 12,13,14,22,23,24,25,32,33,34,35. While cell 1 is moving at T2, the TAC will become 23,24,25,32,33,34,35,36,42,43,44,45,46,53,54,55. This idea seems to be a version of multiple TAC with the same PLMN but reducing the overlapping area by dividing the area into many small area. However, by dividing many small TAC, the signalling overhead may be less but the tradeoff is that both the UE and the satellite will need to continue using the location to map to the list of TAC. Calculating the TAC list are quite intensive. Another drawback is that location uncertainty can cause more problems than in the first approach. Due to location inaccuracy, some UEs may consider themselves to be on the wrong side of a separating grid line. E.g., UE in cell 1, in square (8,6) may consider itself to be in (8,5) or (9,6). Therefore, we think the simple approach would be one cell with multiple TAC for the same PLMN.
Proposal 3: RAN2 to further consider multiple TAC per cell option.

3. Conclusion
Observation 1: Satellite/HAP ephemeris will be provided to the UE in idle mode.
Proposal 1: RAN2 to discuss the options above for cell selection and reselection for NTN.
Proposal 2: NTN and TN type should be signal to the UE explicitly.
Proposal 3: RAN2 to further consider multiple TAC per cell option.
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