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Introduction
One of the RAN2-lead objectives in the NTN WID [1], [2] for UE Idle mode behaviors is 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information). 
In RAN2#111-e [8] and RAN2#112-e [9] the following agreements were made for cell selection and reselection criteria of NTN.

RAN2#111:
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.

RAN2#112:
1.	Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.

In this contribution, we provide our views on the topic of NTN IDLE mode procedures with emphasis on cell selection and cell reselection.  
Discussion
Criteria Impacting NTN Cell Selection and Cell Reselection
In [3], multiple architectures and configurations for satellite networks have been discussed. These range from transparent to on-board architectures with a GEO, LEO or HAPS based satellite configuration. The configuration can also vary based on single or multiple beams used by the satellite nodes or based on if the satellite has a single feeder link or multiple. Each of these beams can be steered through beam forming either to fixed locations on earth (Earth Fixed Beams/Cells) or are continuously moving relative to earth latitude/longitudes (Earth Moving Beams/Cells). The potential possibilities for each of these configuration choices coupled with the large cell size of NTN cells and constant changes between short but consistent coverage and potential outage durations makes cell selection and reselection based improvements very crucial in Non-Terrestrial Networks. Complications increase when terrestrial nodes are also present in overlapping NTN coverage, where the signal qualities of NTN even though brief could be unvarying and strong, are also present. Some of the configuration options are shown in the figure below. In this picture, the top two boxes show the earth fixed and earth moving beams/cells while the different cases indicate potential deployment possibilities on NTN. 
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Figure 1: a. NTN Transparent Mode Architecture with earth fixed beams/cells b. NTN Transparent Mode Architecture with earth moving beams/cells c. NTN Transparent Mode Architecture with single gNB to multiple gateways d. NTN Transparent Mode Architecture with independent gNBs connecting to different gateways e. NTN Transparent Mode Architecture with different 5GC for each satellite

Observation 1: Cell selection and cell reselection in Non Terrestrial Networks is impacted markedly by the deployment architecture and the high mobility of the satellite nodes. 

Due to the frequent service link changes (some estimated to be as frequently as 10-12 minutes) and/or feeder link changes due to the satellite mobility especially in LEO and HAPS scenarios, mechanisms are needed to reduce constant reselections (and sometimes cell selections) at the UE. To exacerbate the problem, these reselections happen on potentially hundreds of UEs due to the large coverage area of the satellite node and thus have severe impacts to the overall system performance. Ephemeris data as indicated in 38.821 Annex A contains the orbital trajectories or PVT coordinates of satellite networks. The database provides information in terms of earth relative location coordinates of the satellite position based on time of day along with other useful parameters which when available at the UE are highly beneficial in terms of cell selection and reselection procedures. How this information itself can be propagated from the network to the UE is a separate topic of its own for RAN2. 

Observation 2: Availability of satellite ephemeris data at the UE is beneficial in Non Terrestrial Networks to ensure UE can prepare for frequent cell selections and cell reselections events.

SA2 and RAN3 [10] have further ensured that geographically fixed tracking area and geographically fixed global Cell ID are standardized thus partially ensuring that as long as the UE is within a geographically fixed location area frequent tracking area updates and cell ID changes are not needed both at the network and the UE. However, one particular problem that still needs to be resolved in order to reduce the cell selection and cell reselection impacts is in terms of PCI and if the PCI can also be geographically fixed as captured in RAN2#112e Chairman Notes.

1. RAN2 will continue working with the assumption that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point the PCIs need to be different). Check if an LS to RAN1 asking for feasibility of having same PCI as well can be agreed

Without an agreement, any update of the PCI would continue to invoke cell reselections on the UE thus reducing the effectiveness of the agreements in SA2 and RAN3. We therefore have the following proposals. 

Proposal 1: RAN2 to send LS to RAN1 asking for feasibility of having same PCI on same sync raster location via two satellites to reduce the impact of cell selections and cell reselections on the UEs.  

Based on the outcome of the LS to RAN1, 

Proposal 2: RAN2 to discuss and introduce new reselection mechanisms where the frequent changes in the satellite position do not lead to frequent cell selections and cell reselections by using the principle of fixed geographical location IDs similar to SA2 and RAN3. 

On important thing to note is that frequent location checks by the UE to satisfy network based location information or having to report its location to the network frequently is a heavy power drain on the UE.

Observation 3: Any location based cell reselections lead to power drain on the UE.

In case the ephemeris database is available at the UE, the only information that the network has to provide to the UE would be prioritization information between different NTN cells especially for reselection criteria. This is especially useful in cases of overlapping coverage of NTN cells (GEO/LEO, GEO/HAPS or LEO/HAPS scenarios) where due the varying nature of some satellite network configurations (LEO and HAPS), the UE might prefer to move on to the more prevalent GEO coverage which the operator/network might not prefer. The prioritization parameter is very useful in such situations.

Proposal 3: For Non Terrestrial Networks, RAN2 to consider enhancements to add intra-NTN prioritization flags to aid in UE cell (re)selection.

Along with this, from a system perspective, multiple advantages arise: 
· The network does not need to constantly update of the upcoming satellite location information or potential neighbor cell information especially using costly bandwidth consuming SIB or MIB blocks to the UE.
· The network does not have to maintain and broadcast costly timing information (in terms of timestamps or timers) to the UE in order to prepare for cell reselection to the incoming satellite cell.
· Capacity impacts on networks to handle handovers of a large number of UEs due to feeder link switches can also be further optimized by ensuring that the UE initiated signaling can be reduced. 
· An additional advantage of providing the ephemeris database to the UE is that the specific satellite configuration such as GEO, LEO or HAPS need not be provided to the UE. However, the network would need to provide additional offset information for cell selection and cell reselection so that the UE can compensate for the satellite mobility. 

A similar precedent that exists currently for such network-based offsets to UE for cell selection and cell reselection criteria is in relation to High Speed state parameter in SIBs [6][7]. Though the mobility here corresponds to the UE, similar principles can be applied to the relative mobility of the satellite in relation to the UE. These offsets would help solve the problems for not only stationary UEs in Non Terrestrial Networks but also for UEs which can be highly mobile like those on planes or high speed trains which are moving at speeds up to 500Kmph (as agreed in 3GPP RAN2#111-e Chairman’s comments) in relation to the satellite. As an example, new SIB based parameters can be introduced for offsetting configurations such as GEO, LEO or HAPS in a similar format as HighSpeedStateParameters. For the case of cell reselection, these additional parameters can be added to the event-based A or B measurement configurations. 

Proposal 4: RAN2 to introduce new offsets to existing broadcast mechanisms and measurement configurations to enhance UE cell selection and reselection in non-terrestrial networks.

Section 2.3 discusses the problem statement related to cell selection and cell reselections when TN nodes are in the range of NTN coverage. 

Cell selection and cell reselection of NTN UEs with TN neighbors  
The situations in section 2.2 become even more complicated for scenarios where NTN cells have TN neighbors. Consider the scenario where a large GEO cell is overlapped over multiple TN cells. The stability in terms of RF for such large NTN cells might cause the UE to always prioritize to camp on to the GEO cell before a terrestrial cell. 3GPP RAN2#111-e has agreed that separation of frequencies in terms of TN or NTN will be broadcasted. It is FFS on how this broadcast will happen. This is a good initial way to solve the problem if the assumption is that TN and NTN will operate independently and is suitable for only one of the cases of either TN being prioritized over NTN or NTN being prioritized over TN but not both. 

Observation 4: The RAN2 agreed broadcast mechanism on if a cell is TN or NTN will not help with prioritization of one over the other specifically for cell selection.

In such situations, it is preferable that an explicit indication be provided to the UE if there is any network preference in terms of TN or NTN cells.  

Proposal 5: For efficient cell selection in case of mixed TN and NTN configurations, RAN2 to identify mechanisms of prioritization between terrestrial cells and non-terrestrial cells in mixed coverage locations using broadcast messages.

In the cases of mixed coverage areas, one issue that will be seen by UEs is that the large coverage areas of NTN will lead to tens and even hundreds of potential terrestrial neighbor cells. Using location based schemes where the UE has to report its location for neighbor information or uses locations to identify neighbor satellites would be as identified in Observation 3 a power drain. TR 38.821 proposes to use UE location information to identify the zone the UE is present in and use reselection based on the location identification. An easier and more simpler way for eliminating location based reselections is to use beam based neighbor cell lists thus avoiding the need for location exchanges between UE and network or causing unnecessary power drain on the UEs.

Proposal 6: RAN2 to consider providing beam based neighbor cell list for NTN UEs to avoid the penalty of location measurement related power drain on UE and unnecessary exchanges of location between UE and Network. 


Conclusion
In this contribution, we provided our views on cell selection and reselection enhancements for NTN. Our observations and proposals are as follows: 

Observation 1: Cell selection and cell reselection in Non Terrestrial Networks is impacted markedly by the deployment architecture and the high mobility of the satellite nodes. 

Observation 2: Availability of satellite ephemeris data at the UE is beneficial in Non Terrestrial Networks to ensure UE can prepare for frequent cell selections and cell reselections events.

Observation 3: Any location based cell reselections lead to power drain on the UE.

Observation 4: The RAN2 agreed broadcast mechanism on if a cell is TN or NTN will not help with prioritization of one over the other specifically for cell selection.

Proposal 1: RAN2 to send LS to RAN1 asking for feasibility of having same PCI on same sync raster location via two satellites to reduce the impact of cell selections and cell reselections on the UEs.  

Proposal 2: RAN2 to discuss and introduce new reselection mechanisms where the frequent changes in the satellite position do not lead to frequent cell selections and cell reselections by using the principle of fixed geographical location IDs similar to SA2 and RAN3.  

Proposal 3: For Non Terrestrial Networks, RAN2 to consider enhancements to add intra-NTN prioritization flags to aid in UE cell (re)selection.

Proposal 4: RAN2 to introduce new offsets to existing broadcast mechanisms and measurement configurations to enhance UE cell selection and reselection in non-terrestrial networks.
Proposal 5: For efficient cell selection in case of mixed TN and NTN configurations, RAN2 to identify mechanisms of prioritization between terrestrial cells and non-terrestrial cells in mixed coverage locations using broadcast messages.

Proposal 6: RAN2 to consider providing beam based neighbor cell list for NTN UEs to avoid the penalty of location measurement related power drain on UE and unnecessary exchanges of location between UE and Network. 
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