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1. Introduction

At RAN3#109e, RAN3 discussed an LS from SA2 [1] on aspects related to the interactions between the core network and the RAN when the access network uses NTN, and subsequently sent a reply [2]. Following this, a further reply has now been received from SA2 [3], and this document further analyzes this reply and proposes a way forward.
2. Discussion
2.1 Background

The initial LS from SA2 [1] essentially asked whether cells, as core network sees them, are earth-moving or earth-fixed in case of NTN. The reply from RAN3 [2] clarified that there are scenarios where the cell coverage for a specific cell identity may change as the satellite moves, and asked SA2 about scenarios and requirements for location granularity of reported cell, and whether it is required that the cell identity received by the CN should correspond to a fixed geographical area.
Statements in [3] include 

· SA2 thinks that there will still be use case scenarios where the cell ID will be deemed sufficient as indication of UE location, despite its coarse granularity. To support such scenarios, it is important that the cell ID received by the CN should always correspond to a fixed geographical area.
· In that sense, SA2 would like to encourage RAN3 to further study possible solutions for associating the cell ID sent to the CN to a fixed geographical area and to consider whether TN level granularity may be possible in selected instances.
SA2 also notes that in some scenarios with LEO satellite access the network will have to rely on Location Services (LCS) to determine the UE location with sufficient level of accuracy, and also quotes from an LS from SA3-LI that states that “The logical location information (Cell ID) shall be reliable, i.e. network-provided or network-verified. The logical location shall unambiguously map to the geographical area of the UE physical location. Granularity of such geographical areas needs to be able to provide network location accuracy comparable with terrestrial networks.”

2.2 Uses of CGI in NGAP 
In order to analyze how CGI is to be handled in the RAN and in RAN-CN interactions, it is useful to check on current usage. A detailed table for functions that use CGI in NGAP is shown in the Annex of this document. 
In our understanding, the SA2 analysis was mainly focused on the uses that the CN can make from the ULI. From the table in the Annex, ULI and Cell Traffic Trace are the cases where CGI is provided to the CN without an immediate response. Conversely, we have two cases (PWS and Location Reporting) where there is CGI related information in both directions, and the case of MDT Configuration, where the CGI information is provided from the CN to the RAN. Finally, we have the case of RAN-to-RAN exchanges e.g. via a transparent container or twin uplink/downlink procedures.
In addition to the SA2 request related to CGI, we should note that in addition it is already assumed by RAN3 that TAI is related to specific geographical areas, and TAI is also included in many procedures (as well as being included in the ULI). 

In the below we consider first the ULI case since this is the main point of the SA2 LS and come back to the above use cases later.

2.3 Possible handling of CGI (and TAI) for the ULI
We could start by assuming that the cell reported in ULI may be area-related and not necessarily linked to broadcast CGI (“Uu cells”), following the request from SA2 and SA3-LI.

If Uu cells are earth-moving in a continuous manner, then neither TAI nor fixed-earth CGI can be automatically derived from the current Uu cell, since this may in general straddle over fixed cell or TAI boundaries. On the other hand, if Uu cells are stepwise-moving (i.e. coverage is maintained within a time period), then it may be possible to directly derive the TAI and earth-fixed CGI. Note that even in this case due for example to soft feeder link switch, we would not expect the Uu cells to be the same at all times in a given area, but it should be possible to restrict this to a known set of values (hence the mapping is N ( 1).

Observation 1: Mapping between Uu cell/TAI and ULI is required for earth-moving cells in general, but the mapping is less complex for the case of stepwise movement.
Note however that if the CN requirement is for a cell coverage area that is smaller than a typical NTN cell, the simple process for stepwise cell movement may not be sufficient.

Observation 2: If greater reporting granularity is required, a simple direct mapping (for stepwise change) may not satisfy this requirement as it is still limited by the NTN cell coverage.

For this reason, we focus mainly on the continuous movement case, which is the more general case. A possible approach for this would be as follows:

· A mapping between CGIs and geographical area is configured in the network.
· gNBs are assigned a number of these mapped CGIs based on:

· geographical areas that can be covered by Uu cells hosted in the gNB

· prefix consistency (e.g. gNB ID is a prefix of all assigned CGIs)

· Each gNB may be assigned one or multiple cell layers
· Relevant CN functions are aware of the geographical mapping and use the information accordingly

How the mapping itself is defined can be a matter of system management and implementation and does not need to be specified by 3GPP. From standards perspective, two issues are worth discussing: how the mapping is performed, and whether the CN needs to be aware that the mapping has indeed been performed.

We also note that a similar exercise needs to be performed for TAI, which is fixed in the ground. It could be assumed that TAI reporting and usage is consistent from CN perspective with CGIs/gNBs. It may also be useful to have TAI layers to cover cases where different granularity is available or required. Therefore, possible principles for TAI are:
· Each mapped CGI’s coverage area corresponds to a single tracking area

· TAI layers may also be defined (corresponding to cell layers)

Observation 3: It is possible to define CGI/TAI lists that each correspond to a geographical area, where a gNB “owns” a number of these that correspond to its own coverage area (based on connected gateways and the NTN constellations).

Observation 4: Layers of reporting granularity may be enabled by using layers of CGI/TAI.
Performing the mapping: 
The gNB will be aware of the access cell of the UE. Hence it should be able to make an initial suitable mapping to a “mapped CGI” and TAI, without any further side information. This straightforward mapping may have limited granularity due to the NTN cell size and may not be unique (e.g. an access cell may map to several or many “mapped CGIs” and TAIs). 
Assuming that more granular layer(s) have been defined, the gNB could then follow up by obtaining positioning-related information and using this to improve the mapping. For example, the gNB may

· make use of UE’s measurement reports (including TN reports)

· make use of beam-related information including AoA

· obtain location related measurements from a UE (e.g. GNSS measurements)
The gNB may continue to acquire such information and fine-tune the mapping to be provided in further signalling of the ULI (for both CGI and TAI).
Details of how the gNB acquires this information may require input from other RAN groups.

Observation 5: The gNB may perform more granular mapping using UE positioning information; how such information is acquired by the gNB requires further study and may require input from other RAN groups.

CN awareness of mapping:

Since the use of the mapping is implementation dependent, the CN would be configured to make use of CGIs based on mapping. Therefore, the CN is inherently aware that mapping is being performed. 

However there may be cases where the gNB is not able to do such mapping, yet it is supposed to provide the ULI (for example, the gNB does not have yet sufficient information to provide the CGI with any confidence even on the least granular layer). It seems therefore useful for the gNB to be able to add an indicator that the CGI provided does not map to a specific fixed geographical area. For example, there could be a reserved cell ID to indicate that a normal cell ID is not available. Such ambiguity in the case of a TAI seems less likely and a gNB could simply perform a mapping to the most probable TAI (e.g. a TAI with the greatest overlap to a currently serving radio beam).
Observation 6: It seems useful for the gNB to be able to provide an indicator that the CGI provided does not map to a specific fixed geographical area at a cell level.

2.4 Impact on other IEs and procedures
We now consider other IEs/procedures as listed in the table in the Annex, which also categorizes them according to the flow of information. Taking them on a case-by case basis:

Location Reporting: since this is based on a common understanding of both CGI and TAI by the CN and RAN, it seems to follow that where mapping is used for ULI, the same would be done for the relevant IEs exchanged as part of these procedures. This means that the RAN should interpret “Area of Interest” assuming the above described mapping, and report accordingly.

PWS: in principle the same approach can be used, however we should note that this potentially implies broadcasting of warning messages in areas outside the signalled CGI areas. This assumes that the gNB uses the CGI information indirectly i.e. by deriving the NTN cells that should broadcast the warning message(s). This also means that the gNB may need to change the broadcasting cells in order to maintain the required coverage. However, change of broadcasting cells will be needed with any solution because WPS will not work well if messages are broadcast in the wrong areas.
Paging: in the case of “recommended cells”, the RAN is both consumer and generator of the information, so it could use mapped or unmapped CGI information. However, unmapped CGI information is not easy to use as there is no timing information. Therefore, it seems to make sense to use mapped information, but this can be left to implementation.
Trace: cell trace information is very closely connected to a radio cell, hence it may be expected that the CGI here would relate to the “broadcast cell”. This is a case where an indicator could be useful.

MDT: assuming that MDT is supported for NTN, the gNB would need to translate the Area Scope provided from the CN (either for internal use or for communication to the UE). An alternative would be that the Area Scope is only defined in terms of tracking areas.
Handover signalling: this is fully intra-RAN, so could be up to implementation and configuration. For general support of inter-operability, it may be useful to provide an indicator as discussed above (the same could apply to UE History since in principle (given “time in cell”) either interpretation could be valid.

SON Reports: assuming that this functionality is supported in NTN, in general, since these are tied to handovers which are performed in the air interface, these are expected to be linked to the Uu cells. Use of this functionality in NTN could be left to implementation or consideration in a later release.  

Overall, whether the signalled CGI corresponds to broadcasted cells or mapped cells can be left to implementation. Inter-operability may be enhanced by having an indicator in some procedures.
Observation 7: Whether signalled CGI corresponds to broadcasted cells or mapped cells can be left to implementation. Inter-operability may be enhanced by having an indicator in some procedures.
2.5 Next steps

Based on the discussion above, the following is put forward as a way forward.

Proposal 1: Agree that CGI definitions can be configured in RAN and CN, and that the required mapping for ULI may be performed by the RAN.
Proposal 2: Further study the consequences for procedures in NGAP and XnAP as outlined here, and determine need for stage 3 impacts, if any.
Proposal 3: Further study how better granularity may be achieved by the RAN.

Proposal 4: If deemed necessary, liaise SA2 and other groups on the status of this topic in RAN3 (a draft is provided in [4]).
3. Conclusions
The following observations and proposals have been made in this document:
Observation 1: Mapping between Uu cell/TAI and ULI is required for earth-moving cells in general, but the mapping is less complex for the case of stepwise movement.
Observation 2: If greater reporting granularity is required, a simple direct mapping (for stepwise change) may not satisfy this requirement as it is still limited by the NTN cell coverage.

Observation 3: It is possible to define CGI/TAI lists that each correspond to a geographical area, where a gNB “owns” a number of these that correspond to its own coverage area (based on connected gateways and the NTN constellations).

Observation 4: Layers of reporting granularity may be enabled by using layers of CGI/TAI.
Observation 5: The gNB may perform more granular mapping using UE positioning information; how such information is acquired by the gNB requires further study and may require input from other RAN groups.
Observation 6: It seems useful for the gNB to be able to provide an indicator that the CGI provided does not map to a specific fixed geographical area at a cell level.
Observation 7: Whether signalled CGI corresponds to broadcasted cells or mapped cells can be left to implementation. Inter-operability may be enhanced by having an indicator in some procedures.
Based on the above, the following is proposed as a way forward.

Proposal 1: Agree that CGI definitions can be configured in RAN and CN, and that the required mapping may be performed by the RAN.
Proposal 2: Further study the consequences for procedures in NGAP and XnAP as outlined here, and determine need for stage 3 impacts, if any.
Proposal 3: Further study how better granularity may be achieved by the RAN.

Proposal 4: If deemed necessary, liaise SA2 and other groups on the status of this topic in RAN3 (a draft is provided in [4]).
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5. Annex: CGI usage in NGAP

	
	RAN ( CN
	CN ( RAN
	RAN ( RAN

	User Location Information
	ULI included in several procedures (note: ULI also includes TAI)
	-
	-

	Location Reporting
	ULI + report based on AoI
	Location reporting (definition of AoI)

(note: AoI can be based on TAI)
	-

	PWS (NB: whether PWS applies for NTN needs to be checked)
	Configuration e.g. Warning Area List

(note: can also be based on TAI)
	Feedback e.g. Broadcasted Completed Area List

(note: can also be based on TAI)
	-

	Paging
	-
	-
	Recommended cells for paging

	Trace
	Cell where trace data is collected (CELL TRAFFIC TRACE)
	-
	-

	MDT
	-
	Area scope may be defined as a list of cells

(note: can be TA based)
	-

	Handover signalling
	-
	-
	Target cell, and UE History information in transparent container

	SON Reports
	-
	-
	HO Report and Inter-system HO Report


