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1. Introduction 
In RAN2#111e meeting, following agreements were made regarding IDLE mode procedure.
Agreements:

1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.

2. 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

3. 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).
4. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.

5. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.

6. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.
In this document, we provide some details on enhancement to NTN specific cell (re)selection procedure considering different cell types and satellite information.
2. Discussion 

2.1 Triggering cell reselection

It is already agreed that cell measurements and selection/reselection rules of TN are baseline for NTN. Due to measurement accuracy requirements and observing very similar RSRP/RSRQ of the service links provided by the source and target NTN cells, only RSRP/RSRQ based criteria would not be enough for cell selection/reselection. Therefore, UE may need to trigger cell reselection procedure even if current serving cell RSRP is still good. For example, in moving cell scenario, this depends on the beam centre, cell size and position of current satellite. If the visibility duration or lifetime of current satellite cell is short (i.e., the cell is going to be off soon) or if the UE is getting closer to the cell edge, the UE should reselect to a new cell before outage. In this procedure, UE can exclude the current serving cell as candidate for cell reselection. A threshold for cell visibility duration can be defined to trigger the cell reselection. 
Proposal 1 A threshold for current serving cell visibility duration or remaining time can be used to trigger cell reselection procedure.

2.2 Cell type TN vs NTN
In NTN, there may be different types of cells, e.g., LEO, GEO or HAPS. There can be different requirements to operate in these cells, for example, timing and frequency compensation requirements. Therefore, it is better to prioritize the cell (re)selection based on the cell type.
It is also possible that frequency band is shared between TN and NTN in which case the RRM procedure may be impacted for both TN and NTN UEs. For example, suppose TN vs NTN indication is provided in SIB1. This would mean simply from acquisition of SSB (i.e., MIB), UE would not be able to decide the cell type. Further UE would need to acquire SIB1 and find out. Now if there are TN and NTN cells sharing the NR band(s), NR UEs will frequently detect NTN cells and NTN UEs will frequently detect NR cells. This is additional power consumption for UEs due to unnecessary measurement of wrong cells.
This issue can be avoided if the MIB or the PBCH can be configured to be NTN specific. Since there is just one spare bit available in MIB, one solution is to use different scrambling of MIB for TN and NTN, similar to what has already been done for LTE MIB and LTE MIB-MBMS. 

Observation 1. NTN specific MIB to determine NTN cell type reduces RRM impact to NR UEs.

The benefit of this solution is that existing NR UEs will bar NTN cells as per existing rules and avoid any further measurement impact since the UEs cannot decode MIB. How to specify scrambling of MIB is in the scope of RAN1 so a LS should be sent to RAN1.
Proposal 2 NTN specific MIB is used to determine the TN vs NTN cell implicitly. Send LS to RAN1.

If UE supports both TN and NTN, then whether to prioritize TN over NTN during cell selection can be dependent on UE’s preference. However, UE may need to perform registration update when selecting cell from TN to NTN or vice versa. Since UE’s experience over TN would be better, UE may prioritize the cell selection of TN cell over NTN cell. The ping pong between TN vs NTN should be avoided. The cell reselection can be handled via existing tools, e.g., frequency prioritization. Also, the UE can prioritize the cell type of the current serving cell during cell reselection so that UE is not required to perform registration update as TN and NTN are different RATs.
Proposal 3 For UEs supporting both TN and NTN, current cell type of the serving cell is prioritized during cell reselection.

2.3 Cell type LEO vs GEO

Like TN vs NTN, UE also needs to detect whether the cell is LEO or GEO or HAPS. Examples of UE’s requirement to operate in LEO or GEO can be followings 

1. Accuracy of frequency compensation to handle the doppler effect. 

2. Accuracy of UL timing pre-compensation. 

3. Support of very large cell size (e.g., new PRACH format). 

4. Support of larger number of HARQ processes. 

5. Support of HARQ process with HARQ feedback disabled.

6. QoS requirements (e.g., different SDAP/PDCP configuration, support of larger PDCP discard timer etc.).
Depending on one or more factors, UE may prioritize the selection of a cell. For example, UE may read SIB1 of LEO cell and determine it may not meet the requirement for frequency and time compensation to operate in LEO cell. Therefore, whether UE wants to camp in LEO cell or GEO cell can be based on UE’s capability.
Since there is not much space in MIB to indicate whether cell type is LEO or GEO, this indication can be provided in SIB1. However, as described above, an explicit indication may not be needed. SIB1 can broadcast common configuration parameters or requirements specific to LEO or GEO cell which can be used as implicit indication of cell type.

Proposal 4 Whether cell is LEO or GEO is implied from the common configuration or parameters provided in SIB.

Proposal 5 UE prioritizes the selection of LEO and GEO cells based on requirements to operate in LEO vs GEO implied from common configuration or parameters provided in SIB.

2.4 Next candidate cell for cell reselection
Once UE triggers the cell reselection procedure, in addition to TN vs NTN or LEO vs GEO, UE may be configured with next frequency/cell ID in SIB1 that can be prioritized to select. The cell will replace current cell serving area in immediate future. In this case, UE may prioritize to select it. 
If cell reselection or intra/inter frequency measurement is triggered and UE does not find the configured next candidate cell as suitable, it follows the existing measurement and cell reselection procedure. The reason in doing this is that network would know which satellite/cell will serve in the area. In case UE is still within the cell coverage area, this will save power by limiting measurements for cell reselection. 
The same goal can be achieved using intraFreqWhiteCellList and InterFreqWhiteCellList. But the difference is that network may not provide this list since it strictly limits the cell reselection candidate cells in a carrier. 
Proposal 6 UE should be provided with the information of the next candidate cell for cell reselection. FFS whether to use existing intraFreqWhiteCellList and InterFreqWhiteCellList in SIB3/4 or new list.

3. Conclusion

Following observations are made.
Observation 1.
NTN specific MIB to determine NTN cell type reduces RRM impact to NR UEs.


Following proposals are made.
Proposal 1
A threshold for current serving cell visibility duration or remaining time can be used to trigger cell reselection procedure.
Proposal 2
NTN specific MIB is used to determine the TN vs NTN cell implicitly. Send LS to RAN1.
Proposal 3
For UEs supporting both TN and NTN, current cell type of the serving cell is prioritized during cell reselection.
Proposal 4
Whether cell is LEO or GEO is implied from the common configuration or parameters provided in SIB.
Proposal 5
UE prioritizes the selection of LEO and GEO cells based on requirements to operate in LEO vs GEO implied from common configuration or parameters provided in SIB.
Proposal 6
UE should be provided with the information of the next candidate cell for cell reselection. FFS whether to use existing intraFreqWhiteCellList and InterFreqWhiteCellList in SIB3/4 or new list.
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