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Introduction
In RAN2#111-e [1], the following agreements regarding cell selection/cell reselection in relation to ephemeris and idle mode issues were made:
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).

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.
2. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.

In RAN2#112-e [2], the following agreement in regards to control plane issues was reached :
Agreements:
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 RAN2#113-e [3], the following agreements for Idle/Inactive mode procedures in relation to ephemeris were reached :

Agreements:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g., the required accuracy or signalling impact.    
2. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception
3. The information on when a cell is going to stop serving the area and/or the timing information (e.g., timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

Each of these agreements above indicate that there are conclusions or intermediate milestones reached that are dependent on modifying existing cell selection and cell reselection procedures through mechanisms involving either UE/cell reference location or timers indicating if and when a satellite will stay in range of the UE (the timers indirectly map to locations). In the following sections we discuss an alternate mechanism that 3GPP can implement in order to achieve the similar desired results while not having to broadcast such information to the UEs. This paper is a revision of our previous submissions [R2-2009510, R2-2100880, R2-2103837] to RAN2. 

Discussion
Ephemeris Database
Based on RAN2 discussions and agreements so far, the gNB will inform the UE of the upcoming satellites and time for which the satellite is in range or will be in range. Additionally, the UE might also be informed of the upcoming neighbor cells. What is, however, not clear in these discussions is how the UE would be provided with this information on satellite reference locations. There are discussions of a SIB based broadcast message to indicate some of these details. However, this information is largely dependent on ephemeris database that is freely available. With ephemeris at UEs, most of the proposed information in terms of serving satellite, upcoming satellite, distance to the satellites and how long the serving satellite will be in coverage range can easily be deduced. Additionally, this information will not change frequently as mentioned [5]. Once the UE has the entire ephemeris database, the network need to only indicate a mapping of the satellite through a cell ID (which can be done either as a static database or in some other form only if RAN2 really agrees to this). In most scenarios, even this information would not be needed at the UE and would only need be available at the network with potential mapping on the AMFs. We, therefore, have the following observations and proposal.  

Observation 1: With the entire ephemeris database available at the UE, most of the proposed broadcast mechanisms for RACH and other idle mode procedures will not be needed from the network to the UE.

Observation 2: With the entire ephemeris database available at the UE, the network need to only broadcast some mapping of the satellite ID to a cell ID.

Observation 3: With a mapping of the satellite ID to the cell ID available at both the UE and the network, traditional cell selection, cell reselection and even handover mechanisms can be enforced by networks without major changes to existing specifications.

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 4: Any location-based cell reselections lead to power drain on the UE.

	Given these observations, we have the following proposal. 

Proposal 1: RAN2 to discuss mechanisms where the entire ephemeris database is available at the UE for simpler implementations of cell selections and cell reselections in NTN.

This proposal would lead to multiple advantages in terms of system efficiency perspective.  
· The network does not need to constantly update of the upcoming satellite location information or potential neighbor cell information using costly bandwidth consuming SIB or MIB blocks to the UE.
· The network does not have to maintain and broadcast 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 still need to provide offset information for cell selection and cell reselection so that the UE can compensate for the satellite mobility. This can be achieved using techniques that are mentioned below. 

	In the following section, we discuss how such a mapping mechanism can be achieved so as to ensure similar performance to terrestrial networks in terms of cell reselection while still not having to broadcast too much additional information to the UE.

Enhanced NTN cell ID mapping for simpler cell selection and cell reselection
One thing that is still an issue is with NTN is the need for the network to handle reselections arising simultaneously from multiple UEs every time there is a change in satellite ID. The network can, however, handle this by dividing the large satellite cell ID region into earth fixed zones IDs which can be mapped directly to terrestrial node cell IDs.  
	Figure 1 shows such a mapping. Each of the hexagonal areas (used for simplicity of representation) are terrestrial cell Ids that are part of the current service satellite cell ID. The distinction between the satellite cell comprising terrestrial cell ID and a UE in TN mode is a SIB indication indicating if the cell is TN or NTN (based on the frequency). This information needs to be broadcasted using single bit extensions to SIB. No additional information is needed. This mapping will however need to be maintained by the network in some form where a global cell ID of satellite is mapped to the terrestrial cell ID as a TN or an NTN network. Using this mechanism, the existing cell selection and cell reselection schemes can be applied as is with minor extensions made to include grouped cell IDs of terrestrial nodes (or satellite cell ID, not to be confused with cell groups) as the boundary instead of the terrestrial cells. Any device that is within its terrestrial node “zone” will apply the same measurement-based reselection schemes and report back its terrestrial cell ID. This will allow for the network to also identify the location as needed from the UE in its current state and no additional discussions in relation to satellite nodes over terrestrial coverages are needed. Any overhead satellite ID changes can be completely remapped at the gNB and would not even have to be sent back to the UE. So long as this mapping is available at the network (using ephemeris), the network would only have to deal with terrestrial cell ID based zones for both earth fixed and earth moving satellite configurations. RAN2 would need to discuss this mechanism with RAN3 and ensure SA2 can map these cell IDs to the proper tracking areas. An LS in this regard once RAN2 decides to use this mechanism will be needed as proposed below.  

Proposal 2: RAN2 to discuss and introduce new zone ID based 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. FFS on mapping multiple satellite beams of a satellite cell ID to multiple terrestrial cell IDs.
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Proposal 3: RAN2 to send an LS to RAN3 and SA2 on the concept of zone IDs and how the mapping between zone IDs, satellite cell IDs and tracking areas can be achieved at gNB and at AMF.

For areas where terrestrial cell IDs do not exist, such as over oceans, existing mechanisms can still be applied as is even for large satellite cell sizes due to the low volume of UEs in those areas. The entire mechanism is similar to multiple tracking IDs mapped to the cell ID level. 
Beyond this, the network also needs to provide to the UE with 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 4: RAN2 to consider enhancements to add intra-NTN prioritization flags to aid in UE cell (re)selection. 

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 Train 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 [1]) 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 [6][7]. For the case of cell reselection, these additional parameters can be added to the event-based A or B measurement configurations. 

Proposal 5: RAN2 to introduce new offsets to existing broadcast mechanisms and measurement configurations to enhance UE cell selection and reselection in non-terrestrial networks.


Conclusion
In this contribution, we provided our views on how existing cell selection and cell reselection principles for terrestrial networks can be applied as is without unnecessary broadcast information to UEs in the form of location boundaries or location updates or timers. The new mapping mechanisms of using existing terrestrial cell IDs to map to satellite cell IDs will reduce overhead in terms of cell reselections at the UE and the network. In a future contribution, we will also show that for connected mode handovers too this mechanism is beneficial.    

Observation 1: With the entire ephemeris database available at the UE, most of the proposed broadcast mechanisms for RACH and other idle mode procedures will not be needed from the network to the UE.

Observation 2: With the entire ephemeris database available at the UE, the network need to only broadcast some mapping of the satellite ID to a cell ID.

Observation 3: With a mapping of the satellite ID to the cell ID available at both the UE and the network, traditional cell selection, cell reselection and even handover mechanisms can be enforced by networks without major changes to existing specifications.

Observation 4: Any location-based cell reselections lead to power drain on the UE.

Proposal 1: RAN2 to discuss mechanisms where the entire ephemeris database is available at the UE for simpler implementations of cell selections and cell reselections in NTN.

Proposal 2: RAN2 to discuss and introduce new zone ID based 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. FFS on mapping multiple satellite beams of a satellite cell ID to multiple terrestrial cell IDs.

Proposal 3: RAN2 to send an LS to RAN3 and SA2 on the concept of zone IDs and how the mapping between zone IDs, satellite cell IDs and tracking areas can be achieved at gNB and at AMF.

Proposal 4: RAN2 to consider enhancements to add intra-NTN prioritization flags to aid in UE cell (re)selection. 

Proposal 5: RAN2 to introduce new offsets to existing broadcast mechanisms and measurement configurations to enhance UE cell selection and reselection in non-terrestrial networks.
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