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1. Introduction 
RAN2 received an LS reply from SA2 in R2-2006530 with the following action/question.
- 
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.
In this document, we explain our understanding of the LS and provide a way forward regarding how to realize earth-fixed cell identity.
2. Discussion 

2.1 Moving radio cell vs Fixed radio cell
As RAN2 already analysed the issue in TR 38.821, the recommendation for the WI phase is to consider earth-fixed tracking areas. With earth-fixed tracking areas, the tracking area is fixed with respect to geo-location on the Earth’s surface. A satellite may be using a single large beam per cell or multiple beams per cell.
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Figure 1 Example of earth-fixed tracking area with moving cell and fixed cell
According to WID RP-201256, the following is the assumption.

· Earth fixed Tracking area is assumed with Earth fixed and moving cells

This means both earth-fixed and earth-moving cells are assumed to be supported, i.e., from UE’s perspective, the radio cell could be moving over the earth or could be stationary either permanently (e.g. for a GEO satellite) or for a temporary duration while the coverage area of the cell remains in LOS to the host satellite. 
For a LEO satellite and following a temporary period in which steerable antenna direct a beam to the same coverage area, the temporarily fixed cell might be moved to a new fixed area for a further temporary duration (by changing the beam direction using steerable antenna on the host satellite) or might be “handed off” to another satellite that is able to support approximately the same cell coverage area and same cell ID. With handoff and accurately steerable antenna, it is possible that a cell might appear from a UE perspective to be permanently fixed, although there would probably be some abrupt timing and TA related changes at the time of handoff, and cell switch-off by a previous satellite and switch-on by a new satellite would need to be synchronized. Since handoff calls for rather complex support from satellites, it appears more likely that earth fixed radio cells would only remain (approximately) earth fixed for as long as a satellite has LOS coverage of the target cell area, which means that from a UE perspective, temporarily fixed earth cells would not differ greatly from continuously moving cells in that both types would appear at a given location and then disappear some minutes later.
Nevertheless, for all types of radio cell (permanently earth fixed, temporarily earth fixed and continuously moving), a coverage area of the radio cell could be known for a particular time either based on known ephemeris data for satellites and directional beam information or pre-configured target coverage area information if satellites behave “smartly” to direct beams to specific permanently fixed or temporarily fixed target areas. This would allow radio cell IDs to be used in a similar manner to terrestrial cell IDs from the perspective of obtaining location related information from a radio cell ID – e.g. to support UE charging or regulatory services. 
Observation 1. When steerable antenna is used with LEO satellites, satellite handover could be used to achieve permanently fixed radio cells or radio cells could just be temporarily fixed.

Observation 2. For all types of radio cell (permanently earth fixed or temporarily earth fixed and continuously moving in LEO), a coverage area of the radio cell could be known for a particular time based on known ephemeris data for satellites and directional beam information.
2.2 Cell identity for a Temporarily Fixed or Moving Radio Cell
The cell global identity (CGI) information includes PLMN identity, location area identity and the cell identity as shown in the following figure and snippet from TS 38.331. 
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Figure 2 CGI information

For a permanently fixed terrestrial radio cell, the cell identity of the cell can be used as a proxy for location in order to locate a UE by the core network. For a continuously moving or temporarily fixed radio cell, a cell identity alone may not be enough to determine the area where the UE is located. However, by including the time at which a UE was in coverage of a radio cell and making use of known satellite ephemeris and steerable antenna information (or a known target coverage area for a radio cell at a known time), it could be possible to map both a radio cell ID and a time into a corresponding radio cell coverage area. For example, a mapping function/database in the 5GCN could be used to convert CGI and timestamp to an approximate location for the UE when needed (e.g. for routing an E911 call). How RAN and core network translate the location to a cell or cell to the location at a given time would be outside the scope of RAN2. Also, no further UE impact would be needed with this approach. In-line with the following indicated in SA2 LS, we think this would falls within the scope of RAN3.
-
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.

Observation 3. How RAN and core network translate a location to a moving or temporarily fixed radio cell or a moving or temporarily radio cell to a location at a given time should be addressed by RAN3.
2.3 Accuracy of UE’s location mapped from a cell identity

Whether a radio cell is moving, temporarily fixed or permanently fixed, it is possible that the cell diameter in NTN is very large in the range of 100 km to 1000 km in case of LEO (and even larger for GEO). When a UE moves to RRC_CONNECTED in the cell, it could have accessed the cell anywhere within the cell. It is possible the beam footprint may cover some part of an unauthorized area (e.g., near an international border). A Network would then not know if the UE is accessing the cell from the unauthorized area unless RAN determines the UE’s location (with some accuracy) using UE or network positioning methods.
Therefore, further enhancement can be considered to efficiently handle the issue of large cell diameter.
Observation 4. For permanently fixed, temporarily fixed and moving radio cells, the cell diameter could be large with coverage across an international border. Therefore, an enhancement can be considered to locate a UE more accurately within the cell coverage area.

When a network needs to locate a UE more accurately (e.g. to meet regulatory requirements and emergency service), several approaches can be considered.
1. Virtual cell ID:
In this approach, a network operator can define a set of fixed virtual cells for UEs in the tracking area and the size of the virtual cell can be (much) smaller than the size of a radio cell. RAN can use positioning capability available in Release 17 to determine the UE’s location, and then map the location to a virtual cell ID. The same can be done by a UE for regulatory services which permit or require a UE to provide or make use of a cell ID or CGI. The CGI could then include the virtual cell ID as the 36 bit cell identity. Some convention could be used to distinguish radio cell IDs (as discussed in section 2.2) from virtual cell IDs as discussed here (e.g. a leading bit could be set to either a 0 or a 1 to distinguish one from the other). Optionally, a UE that can map its location to a fixed virtual cell ID could then use the virtual cell ID to report its location or CGI. A possible benefit of this option would be to reduce 5GCN impacts since a 5GCN could treat a virtual cell ID as just another type of fixed terrestrial cell ID.
2. UE location co-ordinates: 
This approach is somewhat like the virtual cell ID approach. The difference is that a UE’s location and uncertainty of location (e.g. as determined by the UE or RAN) is encoded as part of a cell ID. For example, if UE horizontal location coordinates are X and Y (e.g. with X and Y corresponding to latitude and longitude) and if the uncertainty of location is R (e.g. where the UE location is located within a distance R of the location X,Y with a defined confidence of say 95%), the cell ID can be represented as X-Y-R (with each of X, Y and R encoded as a bit string). For a cell ID constrained to fit into 36 bits and with global X and Y coordinates (e.g. lat/long), the ensuing location precision will not be high (around 1.5 km). But if more bits are allowed (e.g. 48 bits) or if the X and Y coordinates are localized and not global, then location precision could be increased (e.g. to 100 meters or better). Note that this approach can also support cells IDs based on a current radio cell coverage (without requiring UE positioning): a current coverage area for a radio cell would 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), which would then encode the radio cell coverage area as a cell ID. 

Observation 5. For a core network to use CGI to represent UE location in different services and systems (e.g. to route emergency calls to a suitable PSAP), the CGI information can be modified to include a more accurate UE location.

2.4 CGI information in NTN
As described above, whether the radio cell is permanently fixed, temporarily fixed or continuously moving, a modified CGI can be used to enable more accurate location representation. Here is a summary of possible solutions for CGI information based on the solutions discussed above.
	Solution
	Description
	Pros
	Cons

	1# CGI info with only PLMN ID and TAI
	The cell identity part of the CGI is not used by CN.
	Can locate UE at tracking area level.

This will have no UE impact.


	May not meet regulatory requirement if tracking area is large.

Paging needs to be sent to multiple radio cells if multiple radio cells are supported in the same TA and PLMN.



	2# CGI info with only PLMN and radio cell ID 

(Section 2.2)
	Cell ID can be unique for a given PLMN, i.e., over multiple tracking area.
	Can locate UE at radio cell level using satellite ephemeris and antenna information and a time stamp. This will have no UE impact.
	Issues to resolve for 5GCN provisioning, location lookup, cell ID assignment, NG-RAN radio cell adaptation in real time

	3# CGI info with only PLMN ID and virtual cell ID

(Section 2.3)
	RAN determines the virtual cell ID using UE or network positioning methods. UE can also report the virtual cell ID based on its location.
	Can meet regulatory requirement as virtual cell areas can be small. No UE impact, if UE does not report virtual cell ID, i.e., does not need to map UE location to virtual cell ID.

	Impact to define virtual cell configuration per PLMN and perform translation from a UE location in the RAN.

	#4 CGI info with PLMN ID and UE location coordinates and uncertainty
(Section 2.3)
	RAN determines the UE’s location coordinates and uncertainty of location and encodes these as a cell ID. UE can also report its location coordinates and uncertainty as a cell ID.
	Can meet regulatory requirement as the uncertainty in UE’s location area can be smaller than a radio cell size.

No UE impact if UE does not report its location coordinates.

Able to support cell ID based on radio cell coverage area without requiring more accurate UE location.
	Additional complexity to define and include UE’s coordinates and location uncertainty encoded as a cell ID.


Based on the above analysis, we propose the following way forward to handle permanently fixed, temporarily fixed and moving radio cells. These should be communicated to SA2 in a reply LS. Draft reply LS is provided in [1].

Proposal 1. As a default, radio cell IDs are included in CGI, and CGI + time stamp are used to represent a UE’s location.

Proposal 2. To enable better support for regulatory services and avoid the complexity of mapping radio cell ID + timestamp to a location, fixed cell identities may be supported as either virtual cell IDs or location encoded cell IDs, based on UE positioning.
Proposal 3. Request SA2 to provide feedback on solution based on a radio cell CGI + timestamp (as in 1) versus solutions based on fixed cell identities such as virtual cell IDs or location encoded cell IDs (as in 2)

Proposal 4. Send a reply LS to SA2 with above way forward.
3. Conclusion

The following observations are made.
Observation 1.
When steerable antenna is used with LEO satellites, satellite handover could be used to achieve permanently fixed radio cells or radio cells could just be temporarily fixed.
Observation 2.
For all types of radio cell (permanently earth fixed or temporarily earth fixed and continuously moving in LEO), a coverage area of the radio cell could be known for a particular time based on known ephemeris data for satellites and directional beam information.
Observation 3.
How RAN and core network translate a location to a moving or temporarily fixed radio cell or a moving or temporarily radio cell to a location at a given time should be addressed by RAN3.
Observation 4.
For permanently fixed, temporarily fixed and moving radio cells, the cell diameter could be large with coverage across an international border. Therefore, an enhancement can be considered to locate a UE more accurately within the cell coverage area.
Observation 5.
For a core network to use CGI to represent UE location in different services and systems (e.g. to route emergency calls to a suitable PSAP), the CGI information can be modified to include a more accurate UE location.


Based on the above analysis, we propose the following way forward to handle permanently fixed, temporarily fixed and moving radio cells
Proposal 1. As a default, radio cell IDs are included in CGI, and CGI + time stamp are used to represent a UE’s location.
Proposal 2. To enable better support for regulatory services and avoid the complexity of mapping radio cell ID + timestamp to a location, fixed cell identities may be supported as either virtual cell IDs or location encoded cell IDs, based on UE positioning.
Proposal 3. Request SA2 to provide feedback on solution based on a radio cell CGI + timestamp (as in 1) versus solutions based on fixed cell identities such as virtual cell IDs or location encoded cell IDs (as in 2)
Proposal 4. Send a reply LS to SA2 with above way forward.
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