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1. Introduction

This document discusses the questions requested in the LS received from SA [1].
2. Discussion
2.1 Background
In [1], SA2 informs other groups that it has finalized work for two remaining key open issues (KI#1: Mobility management with large satellite coverage areas and KI#10: Regulatory services with super-national satellite ground station) and related conclusions are documented in clause 8 of the latest version TR 23.737 (v17.1.0).
Further, SA2 informs that it assumes earth-fixed tracking areas, and that it acknowledges that “a radio component of the cell cannot be smaller than the beam size and that it either consists of a single beam or multiple beams”.

Finally, SA2 asks the following:

SA2 has discussed whether cells, as core network sees them, are earth-moving or earth-fixed. Currently in terrestrial networks a Cell ID determined and provided by RAN is used to represent UE location in different services and systems (e.g. to route emergency calls to a suitable PSAP). For satellite coverage e.g. with moving beams, would the Cell ID received by CN still correspond to an earth-fixed area? 

In case of earth-fixed cells (as seen from the CN), how the RAN node connected to 5GCN (e.g. CU or gNB) maps the radio component of the cell that can potentially have moving coverage (e.g. in case of NGSO satellite) to earth-fixed cells represented by CGI would be up to RAN WGs to decide.
2.2 Moving and earth fixed cells
The questions SA2 is asking can be re-phrased as follows:
· What cell information is passed to the 5GCN? Can the 5GCN be confident that such cell information map to UE location in all cases?

· In particular for the case of moving beams / cells, can the 5GCN derive UE location (e.g. for PSAP selection) from the received cell identity?

There are at least two levels to this issue, the first is whether the coverage of the radio cells is itself fixed, and the second level is how this is presented to the 5GCN. According to the WID [2], the scenarios of interest include

· Transparent payload based LEO scenario addressing at least 3GPP class 3 UE with and without GNSS capability and both Earth fixed &/or moving cell scenario (as per SI outcome).

· Transparent payload based GEO scenario addressing UE with GNSS capability.
Hence the scenarios include both earth fixed cells (GEO and LEO with adaptive beams) and moving cells (LEO). For the case of LEO with adaptive beams, a cell might be approximately fixed for a short period (e.g. 5-15 minutes) while the area of cell coverage remains in LOS for the host satellite, after which the cell is “handed off” to another satellite that is able to support the same cell coverage area and same cell ID. This would be a rather remarkable feat as (assuming the cell retains the same cell ID and approximately the same timing), the cell handover would have to be synchronized such that switch on by the new satellite occurred at precisely the same time as switch off by the old satellite. In addition, the coverage area should not change too significantly (to avoid the appearance of radio cell failure by a UE that was in coverage of the old cell but not the new cell). We consider that such capability would be a severe stretch for satellite vendors as well as probably increasing capital and/or operational cost for operators. However, for completeness we allow it as at least a hypothetical case here. As a result, a static UE may see either a fixed cell, or a sequence of cells (over a period of time). The implications of the two scenarios on the SA2 questions are discussed below:
Earth fixed cells: in this case, there should be an approximately fixed relationship between cell identity as seen by the UE and geographical area. Note that in the LEO case, and as discussed above, we expect that there would be some variation of the exact cell boundaries due to beam movement and handoff between satellites. Whether these variations would be small or large would depend on the capability of the satellite operator (e.g. such as the number of orbiting satellites and how precisely radio beams could be directed to a particular fixed area).
From a 5GCN perspective, any functions that rely on using the cell ID of the UE as a proxy for location (e.g. PSAP selection) can be used as in terrestrial networks, with some differences including:
· Cell size is (typically) larger than in terrestrial networks

· Cell boundary fluctuations might occasionally result in sub-optimal actions (e.g. PSAP routing)

It could be noted that even in this simple case, additional information (e.g. UE location) might be needed in some cases for PSAP routing. The additional information could be provided by the UE (e.g. if GNSS capable) or might be obtained by the NG-RAN or 5GCN using whatever positioning support becomes available in Release 17. 
Observation 1: Earth-fixed cells can be a valid scenario; in this case, the 5GCN can receive and use the cell ID in the same way as for terrestrial networks.

Moving radio cells: in this case the fixed relationship between cell and coverage area no longer holds. Therefore passing “raw” cell information to the 5GCN will not work without further enhancements.
Observation 2: The scenario of moving radio cells can also be valid, but this requires enhancements for enabling interworking with existing 5GCN functionality.

Since the SA2 questions seem to be mainly dealing with this, below further analyses options to handle the moving radio cell case.

2.3 Handling the moving radio cell use case
We list below some options to handle the moving cell case. Note that we start by assuming no change of signalling from legacy; this assumption is more appropriate to UE-CN signalling.
1) TA based processing only
The 5GCN ignores the cell ID and uses TA only. Since TA itself is assumed to be earth-fixed, the TA can readily be used to associate e.g. PSAPs with a particular UE. However, it seems likely that TA based location will not always be accurate enough – e.g. if a TA area spans the service areas of multiple PSAPs.
2) Cell ID + Timestamp

The 5GCN receives the cell ID and adds a timestamp (alternatively note that ULI already allows for a RAN timestamp). It is assumed that there is a database accessible by different network functions that provides the mapping between cells and coverage area at a given point in time. Hence it is possible to translate the information into the instantaneous coverage of the cell. An alternative would be to request this from the RAN.
3) Fixed virtual cell

In this case the (virtual) cell identity passed to the 5GCN is not the same as that seen by the UE. More generally, the 5GCN functions as if the satellite system uses earth fixed cells, e.g., for the case of PSAP routing, there is a fixed mapping between fixed virtual cell and PSAP (and there could be a mapping to cell coverage area or at least centroid of cell).

The RAN therefore uses the information it has in order to generate the virtual cell identity provided to the 5GCN. To do this, the RAN requires more precise information than the “radio cell”, i.e. it may need either the actual UE location or at least some side information such as measurement reports. The RAN also requires a definition of virtual cells to be configured (e.g. using a set of polygons or a set of grid points).
4) Location coordinates

Assuming that the RAN is able to determine location of the UE to some degree, it would be possible to provide this information either directly to the 5GCN (e.g. via a new IE in the ULI), or by coding this information into a pseudo-cell ID IE (e.g. the 36 bits of a cell ID are used to encode the coordinates and possibly an uncertainty of the location). Note that with this option, a current coverage area for a moving radio cell could be converted to a location (e.g. a centroid of the coverage area) and an uncertainty (e.g. a maximum distance from the centroid to the boundary of the coverage area). This could then encode the radio cell coverage area within a pseudo-cell ID and avoid problems with a later translation as in Option 2.
The table below further describes these options, and their advantages / disadvantages:
	Method
	Description
	Pros
	Cons

	#1 
CGI info with only PLMN ID and TAI (CGI ignored by 5GCN when satellite RAT is used)
	The cell identity part of the CGI is ignored / not used by 5GCN when satellite RAT type is used.
	Can locate UE at tracking area level (which is assumed to be earth fixed even if radio cells are moving).

This will have no UE impact.


	May not meet regulatory requirement if tracking area is large.



	#2
CGI info with PLMN and cell ID (and use of timestamp)
	Cell ID can be unique for a given PLMN, i.e., over multiple tracking area.
	Can locate UE at cell level using satellite information and time stamp. This will have no UE impact.

Can also support earth fixed (non-moving) radio cells. In this case, the timestamp can be absent. 
	Issues to resolve for 5GCN provisioning, location lookup, cell ID assignment, regulatory support.

	#3 
CGI info with only PLMN ID and virtual cell ID
	“Virtual cells” corresponding to a specific geographical area are defined and configured in RAN and 5GCN (and possibly UE). RAN determines the virtual cell ID by positioning the UE (or receiving a position from the UE). UE can also report the virtual cell ID based on its location.
	Can meet regulatory requirement as a virtual cell area can be smaller than a radio cell. 

More similar to terrestrial CGI support by a 5GCN than the other options – hence should have the least 5GCN impact.
	Configuration required. May need to be distinguished from a radio cell. UE may need to be configured with mapping (if UE reporting is allowed). 

	#4 
CGI info with PLMN ID and UE location coordinates (or new IE with equivalent information) 
	RAN determines the UE’s location coordinates and codes these in NR-CGI IE or new IE. Potentially an uncertainty (e.g. cell radius r) may also be added. UE can also report its location coordinates in a similar way.
	Can meet regulatory requirement as the uncertainty in UE’s location area can be smaller than cell size.
No need for database in 5GCN.
No need for a location capability if obtained based on a radio cell coverage area.


	Requires a standardized definition.
Requires RAN and UE location capability if the encoded location info must be accurate (e.g. for regulatory support).


Observation 3: There are multiple options to provide location information to the 5GCN for the moving cell scenario; different options show varying impacts on UE and network elements.
2.4 Addressing the LS
We should note from the above that there are different flows when the 5GCN receives CGI information – and this can come from the UE or from the RAN. The UE or the RAN can have additional side information, but this may not be the same either, depending on capabilities and use cases.
Considering the above options, #1 and #2 appear to be the default, since the only difference between them is whether the CGI is used by the 5GCN. In fact one simple option to handle option #2 would be for the 5GCN to use TA as default but request the RAN to provide the mapping to a geographical area if further granularity is needed (e.g. 5GCN sends cell ID + time stamp, RAN returns geographical area). However, neither option #1 nor option #2 appears fully capable of regulatory support when radio cell sizes are large (e.g. 1000 kms or more in diameter).
For option #3, the 5GCN is configured with virtual cells, which could be in principle of a higher granularity than radio cells. The main difference between options #2 and #3 is the fact that the 5GCN needs to have the appropriate configuration, and this enables further granularity in the reporting which is not possible in #2.

Option #4 essentially proposes using the CGI (or new IE) to encode more detailed location information. The 5GCN might need to differentiate between a normal CGI and this encoding. This need not be a problem if other options are not used (since a CGI for a 5G Satellite RAT would always correspond to Option #4) or could be solved with an additional IE or flag which was part of or associated with a CGI. 

In general, from pure RAN perspective, it would be possible to add further information instead of the above approaches. For example, the ULI could include the actual radio cell ID as per legacy but in addition other IEs (i.e. virtual fixed cell, area coordinates of the UE etc) could also be added. From that point of view, it seems that the UE-side signalling may be the critical factor. It is also not clear whether it is acceptable to make such signalling enhancements from a 5GCN perspective.
It can also be observed that solutions offering further position granularity (i.e. options #3 and #4) could also be used for earth-fixed radio cells – in fact for both options the 5GCN does not need to know whether the radio cells are fixed or moving since the 5GCN receives fixed location related cell information. 
Observation 4: Options offering greater location granularity are applicable to both fixed and moving radio cell systems.

Taking the above into account, we propose to answer the SA2 LS by describing some of the possible solutions, but also highlight that RAN3 aspects may be more flexible than RAN2 aspects and hence further solutions would be possible; however clarification is also needed on requirements from 5GCN perspective. Therefore:

Proposal 1: Respond to SA2 indicating 
· that RAN3 has identified multiple options to report cell ID, and that this includes both earth fixed and earth moving cells; 
· that in order to progress, further clarification of requirements is useful including:

· whether IEs can be added/modified (e.g. in ULI),
· whether mapping / processing of a 5GCN-received radio cell ID and timestamp for a moving radio cell to location information of the UE based on known/ predictable ephemeris of a satellite trajectory are acceptable,
· whether signalling solutions need to be the same for RAN and UE initiated signalling,

· whether solutions with higher granularity are considered preferable or essential.
· that UE-side signalling may be more constrained since the UE may have less information than the RAN, hence RAN3 needs also to wait for inputs from RAN2.

A draft LS reply is provided in [2]. 

3. Summary and conclusions
From the discussion above, the following observations have been made:

Observation 1: Earth-fixed cells are a valid scenario; in this case, the 5GCN can receive and use the cell ID in the same way as for terrestrial networks.
Observation 2: The scenario of moving radio cells is also valid, but this requires enhancements for enabling interworking with existing 5GCN functionality.

Observation 3: There are multiple options to provide location information to the 5GCN for the moving cell scenario; different options show varying impacts on UE and network elements.
Observation 4: Options offering greater location granularity are applicable to both fixed and moving radio cell systems.

Resulting in the following proposal:
Proposal 1: Respond to SA2 indicating 

· that RAN3 has identified multiple options to report cell ID, and that this includes both earth fixed and earth moving cells; 

· that in order to progress, further clarification of requirements is useful including:

· whether IEs can be added/modified (e.g. in ULI),
· whether mapping / processing of a 5GCN-received radio cell ID and timestamp for a moving radio cell to location information of the UE based on known/ predictable ephemeris of a satellite trajectory are acceptable,

· whether signalling solutions need to be the same for RAN and UE initiated signalling,

· whether solutions with higher granularity are considered preferable or essential.
· that UE-side signalling may be more constrained since the UE may have less information than the RAN, hence RAN3 needs also to wait for inputs from RAN2.

A draft LS reply is provided in [2]. 
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