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1. Introduction
A number of liaisons exchanged over the last 4 months between SA2, RAN3 and RAN2 indicate that NCGIs received from the NG-RAN by the 5GCN (e.g. in NGAP User Location Information) will be for cells corresponding to fixed geographic areas, which may be distinct from radio cells used on the Uu interface. Where needed, NG-RAN will perform a mapping of a radio cell ID and possibly other UE location information to an NCGI for a fixed geographic area. Extracts from the liaisons supporting this conclusion are shown below with the most relevant portions shown in yellow highlight.
	S2-2008307 – LS from SA2 to RAN3 [1]
Reply LS on SA WG2 assumptions from conclusion of study on architecture aspects for using satellite access in 5G

	“While the cell ID today is deemed sufficient as indication of UE location in great majority of use cases, SA2 is of the opinion 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. This is particularly valid for Emergency services and other regulatory requirements.
NOTE:	SA2 notes that one important use of the cell ID included in the initial NGAP message is for routing of emergency calls to the appropriate PSAP. Given the coarse granularity of the cell ID in LEO satellite context, the cell ID alone may be insufficient for that purpose (depending on e.g. country). Additional solutions may be needed to address the problem of PSAP selection that are outside the scope of this correspondence. Other instances of location use of a cell ID by a 5GCN are documented in S2-2007690 as attached, which is provided for information only and is not endorsed by SA2. SA2 further points out that SA3-LI has stated, in an LS sent to SA2 and RAN3 (in S3i200056), 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”. 
On the other hand, 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.”



	R3-207062 – LS from RAN3 to SA2 and RAN2 [2]
Reply LS on SA WG2 assumptions from conclusion of study on architecture aspects for using satellite access in 5G

	“RAN3 would like to inform SA2 and RAN2 that RAN3 agreed that a Cell ID as used in the User Location Information on the NG/N2 interface corresponds to a fixed geographical area, and the Tracking Area is coupled with geographical area. 

Although it is up to RAN2 to decide how cell IDs and TAIs are broadcast in SIB1 for NTN, RAN3 would like to share the approaches so far considered in RAN3:

a)	On Uu, SIB content corresponds to momentary coverage area of a satellite beam related to the geographically fixed areas of TAs/Cells - irrespective of whether the beam is fixed or moving. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]b) 	The cell ID used on Uu SIB content (and probably on Xn) are decoupled from cell ID used on NG(N2). The respective mapping is performed in RAN. This requires gNB to acquire the UE’s location information.

To progress further, RAN3 would also like to ask RAN2 to provide any feedback on the above approaches including, e.g. SIB aspects, and how the RAN could acquire information on the UE’s location if this is needed e.g. for above approach, and for registration, etc.”



	R2-2102054 – LS from RAN2 to RAN3 and SA2 [3]
Reply LS on SA WG2 assumptions from conclusion of study on architecture aspects for using satellite access in 5G

	“RAN2 would like to thank RAN3 for the LS reply on assumptions after conclusion of the study on architecture aspects for using satellite access in 5G.

RAN3 approach (a):
a)	On Uu, SIB content corresponds to momentary coverage area of a satellite beam related to the geographically fixed areas of TAs/Cells - irrespective of whether the beam is fixed or moving.

RAN3 approach (b):
b) 	The cell ID used on Uu SIB content (and probably on Xn) are decoupled from cell ID used on NG(N2). The respective mapping is performed in RAN. This requires gNB to acquire the UE’s location information.

RAN2 answer:

RAN2 discussed the approaches (a) and (b). RAN2 prefers approach (b) and will continue working assuming approach (b). However, in the case of earth fixed beams, it will be possible to keep the cell IDs used on Uu and on NG/N2 aligned. UE location aspects will be handled in a separate LS.”



It can be seen that fixed cells received and used by the 5GCN may or may not be of similar granularity to cells supported for TN. This may depend on implementation or PLMN preference or may be resolved later in Release 17. However, the cells will be fixed and may differ from cells directly visible to UEs over the Uu interface.
Observation 1	For 5G satellite access, the NGCI received for a UE by the 5GCN from NG-RAN will correspond to a fixed geographic area and may be distinct from the Uu radio cell ID seen by the UE.
2. NGCI usage for Emergency Services
[bookmark: _Toc510607461][bookmark: _Hlk64277891]For TN, the serving cell ID of a UE can be important to support an emergency call from the UE to a local PSAP. The serving cell ID can be used to support routing of the emergency call to a particular PSAP and/or provision of a location estimate of the UE to the PSAP, as shown by the following extracts from 3GPP TS 23.167 [4], 3GPP TS 24.229 [5] and regional emergency services requirements for the US in ATIS-0700015 [6]. More significant portions of these extracts are highlighted in yellow.
	Reference
	Extract

	TS 23.167 clause 7.6.1
	“3. The UE sends an INVITE with an emergency indication to the IMS core. The INVITE should contain any location information that the terminal has. The location information may be geographical location information or a location identifier, which is dependent upon the access network technology.
4. If the location information provided in step 3 is trusted and sufficient to determine the correct PSAP, the procedure continues from step 7 onwards.
7. The IMS core uses the routing information provided in step 6 or selects an emergency centre or PSAP based on location information provided in step 3 or 6 and sends the request including the location information and any correlation information and possibly location information source, e.g., positioning method that was used to obtain the location information to the emergency centre or PSAP.”

	TS 23.167 Annex H.2
	“The UE shall include the latest available Cell Global Identification (CGI) in the IMS emergency request establishing the emergency call.”

	TS 23.167 Annex H.4
	“If the operator policy requires network provided location using PCC-based solutions for the UE location (e.g. serving cell), the P-CSCF retrieves location information from the access network and includes it in the emergency service request, as described in TS 23.228 [1]. The UE location is marked as being network provided to distinguish it from location information that the UE provided.
If the operator policy requires network provided location using the LRF-based solution for the UE location (e.g. serving cell), the P-CSCF forwards the emergency request to E-CSCF. The E-CSCF retrieves location information from LRF as described in clause 6.2.2.”

	TS 24.229 clause 5.1.6.8.3
	“4)	if available to the UE, and if defined for the access type as specified in subclause 7.2A.4, the P-Access-Network-Info header field shall contain a location identifier such as the cell id, line id or the identity of the WLAN access node, which is relevant for routeing the IMS emergency call.”

	TS 24.229 clause 5.11.2
	“Upon receipt of an initial request for a dialog, or a standalone transaction, or an unknown method including a Request-URI with an emergency service URN … the E-CSCF shall:
…
5)	get location information as:
-	geographical location information received in a PIDF location object as defined in RFC 4119 [90] and RFC 5491 [267], with the content type application/pidf+xml, as described RFC 6442 [89]; and
-	location identifier as derived from the P-Access-Network-Info header field, if available
…
6)	select, based on location information and optionally type of emergency service:
a)	a PSAP connected to the IM CN subsystem or another network, and add the PSAP URI to the topmost Route header field
…
NOTE 4:	If the user did not request privacy or if national regulator policy applicable to emergency services does not require the user be allowed to request privacy, the E-CSCF conveys the Geolocation header field (if present), the Geolocation-Routing header field (if present), the location information in a PIDF location object (if present) and the P-Access-Network-Info header field containing the location identifier, if defined for the access type as specified in subclause 7.2A.4, to the PSAP.”

	ATIS-0700015 clause 8.2.1
	“Figure 8.3 – Cell-Routed Call Delivery to NENA i3 ESInet – Location-by-Reference
…
Step 6. The LRF maps the cell ID received in the SIP INVITE message to a routing location that is the Associated Location designated for the appropriate PSAP for that cell.”

	ATIS-0700015 clause 8.2.2
	“Step 4. The LRF determines the routing location (e.g., Associated Location) for the call based on the cell-based location information provided in the SIP INVITE (i.e., the LRF will map the cell ID received in the SIP INVITE to a routing location that is associated with the PSAP that, based on pre-existing agreements, is supposed to receive the call).”

	ATIS-0700015 clause 8.5.2
	“If the P-Access-Network-Information indicates the UE is a mobile access type defined in clause 9 and routing is based on cell, then the LRF shall determine a civic or geodetic location associated with the cell serving the UE to be used for routing.”

	ATIS-0700015 clause 8.7.6
	“Figure 8.13 and Figure 8.14 show the query from the emergency location services (LCS) client which may be either the legacy ALI database or a functional element in the ESInet. This request is for a low time delay/initial response, which means that the LRF responds with whatever information it has at the time. For a mobile call, this may be the cell site address representing Phase 1 location information or, if Phase 2 location has been acquired, it may be the location of the UE.”



Observation 2	3GPP and regional specifications provide support for routing of an emergency services call to a PSAP and determination of a location of a UE based on a TN serving cell ID for the UE.
It is important to note that usage of a TN serving cell ID as described above is not the only method for routing an emergency services call to a PSAP and providing a location of a UE to a PSAP. For example, a UE can also include a geodetic location in the form a pidf-lo in a SIP INVITE as defined in 3GPP TS 24.229 clause 5.1.6.8 [5] and in RFC 4119 [7] and RFC 5491 [8]. This geodetic location may then be used for routing to a PSAP and/or as a location estimate for a PSAP. Additionally, the network (e.g. LRF) can obtain a location for a UE when an emergency services call is first instigated, as described in TS 23.273 clause 6.10.1 [9] (using a 5GC-NI-LR procedure) and/or when a PSAP requests a location for a UE, as described in TS 23.273 clause 6.10.2 [9] (using a 5GC-MT-LR procedure). 
However, networks which currently use a TN serving cell ID to route an emergency services call to a PSAP and/or to determine and provide a location estimate could be least impacted to support emergency services calls for NTN if an NCGI with a fixed geographic area (as described in section 1 above) can be provided.
Observation 3	Although support for routing of an emergency services call to a PSAP and determination of a location of a UE can be based on other information (e.g. a pidf-lo) or other procedures (e.g. LMF location procedures in TS 23.273), continuing support based on a serving cell ID for a UE may reduce network impacts to support emergency services in some networks for UEs with 5G satellite access.
3. Provision of an NCGI with fixed geographic area for a UE
As described in section 1, a cell ID for a Uu radio cell (e.g. conveyed in SIB1) may not correspond to a cell ID for a fixed geographic area as conveyed to the 5GCN by NG-RAN in NGAP user location information. If a UE were to provide the Uu radio cell ID (e.g. as received in SIB1) in a SIP INVITE, emergency call support based on this (e.g. call routing and location determination) would either not work or would require additional 5GCN impacts to obtain location information for the Uu radio cell – which would nullify the previous SA2 preference for cells corresponding to fixed geographic areas.
Hence, a cell ID (NCGI) corresponding to a fixed geographic area should be available when needed to support routing and location for emergency service calls. This cell ID would be needed by the IMS (e.g. E-CSCF and/or LRF) and might be obtained from within the 5GCN or might be provided by the UE in a SIP INVITE (to an E-CSCF and/or LRF) as currently supported for TN. Five alternative solutions to enable this are described below.
Option A	The 5GCN or NG-RAN provides geographic definitions and IDs of geographically fixed cells to a UE (e.g. using SIBs by NG-RAN or in a NAS Registration Accept or NAS Service Accept by 5GCN). The UE then obtains its location and maps the location to a particular fixed cell ID based on the geographic definitions. The UE then includes the determined NCGI in the P-Access-Network-Info header field in a SIP INVITE.
Option B	The 5GCN AMF or SMF provides a serving NCGI to a UE using NAS when an emergency call is being established. This can be the NCGI received from NG-RAN in the NGAP user location information. The NCGI can be provided by the AMF in a NAS Registration Accept for a registration for emergency services and/or by the SMF in a NAS PDU Session Establishment Accept for a PDU session establishment for emergency services (assuming the AMF also provides the NCGI to the SMF when requesting the PDU session establishment) . If the UE needs to reattempt an emergency services call using an existing PDU session for emergency services sometime after this PDU session was first established, the UE could instigate a new registration in order to receive the most current NCGI from the AMF.
Option C	NG-RAN provides an NCGI to a UE in an RRC DL Information Transfer message when the UE has a PDU session for emergency services. The NG-RAN can identify a PDU session for emergency services using the NGAP Allocation and Retention Priority IE provided as part of the NGAP QoS Flow Level QoS Parameters by an AMF when requesting a PDU Session Resource Setup from NG-RAN, as described in 3GPP TS 38.413 [10]. The NG-RAN might be configured on a per PLMN basis to support this for only certain PLMNs.
Option D	A P-CSCF in the 5GCN IMS requests and obtains the UE serving NCGI from a PCF using the Rx interface (as defined in 3GPP TS 29.214 [11] and TS 29.061 [12]] or using an Npcf_PolicyAuthorization subscribe and notify (as defined in 3GPP TS 23.502 [13], 23.503 [14]). The NCGI is then included in the SIP INVITE in the P-Access-Network-Info header field, as defined in TS 24.229 [5], from where it can be retrieved by an E-CSCF or LRF. This is an existing capability defined in 3GPP TS 23.228 Annex Y.6 [15]. For a UE with 5G SAT access, the PCF can also either (a) subscribe to receive an updated NCGI from the AMF using an Namf_EventExposure_subscribe service operation as defined in 3GPP TS 29.518 [16], or (b) just request the latest NCGI one time only from the AMF whenever a request is received from a P-CSCF for the NCGI to reduce signaling and processing. This would require the AMF to use the existing NGAP Location Reporting Control procedure defined in 3GPP TS 38.413 [10] to request the NG-RAN to either monitor for change of NCGI and report this back to the AMF for case (a) or request the current NCGI one time only for case (b) to ensure that the PCF (and thus the P-CSCF) always has access to the most current NCGI.
Option E	A serving AMF uses the existing 5GC-NI-LR procedure defined in 3GPP TS 23.273 clause 6.10.1 [9] to send an Namf_Location_EventNotify service operation (as defined in 3GPP TS 29.518 [16]) to a GMLC carrying the NCGI received from the NG-RAN when the AMF detects an emergency services call instigation by a UE (e.g. when the UE establishes an PDU session for emergency services). The GMLC then conveys the NCGI to the LRF.
Option F	A UE requests the current NCGI from the NG-RAN using RRC. This may require a new RRC procedure or might be added to an existing procedure, to be determined by RAN2.
Option A would require standardization of the geographic definitions for fixed cells and would have significant UE impacts and potentially significant NG-RAN or AMF impacts and could also impact operator O&M to suitably configure fixed cells. However, a UE could always provide the most current fixed NCGI and the NCGI can have high location granularity.
Option B requires addition of a new NCGI parameter in two NAS messages and impacts the AMF and UE. This option can be used to obtain the most current NCGI when the UE is already in CM Connected state (e.g. the UE is reattempting an emergency call on a emergency PDU session established some time ago) by having the UE perform a new registration. Option B also allows for more accurate determination of a serving NCGI by the AMF based on location information obtained by the AMF or LMF when or just after a UE initially registers with the AMF. For example, if the NG-RAN provides am NCGI with low granularity in NGAP user location information, the AMF could optionally determine a new NCGI with higher granularity. (This option could require two or more levels of cell ID definition where some cell IDs correspond to large areas with low granularity and others to small areas with high granularity.)
Option C requires addition of a new NCGI parameter to one RRC message and requires the NG-RAN to determine a current NCGI for a UE for every instance of RRC DL Information Transfer when the UE has a PDU session for emergency services. The NCGI may not always have high granularity if the NG-RAN has insufficiently accurate UE location information.
Option D adds new impact to the NG-RAN (for NGAP location reporting) unless the NG-RAN can support the NGAP location reporting using capability provided for other NTN services. Option D can also provide the most current NCGI. In addition, Option D could require a P-CSCF to know when a UE was using 5G satellite access in order to subscribe to (for case a) or request (for case b) receipt of the current NCGI from the PCF (or this could always be performed for both TN and NTN access). The P-CSCF, PCF and AMF impacts could be new impacts to the 5GCN (even though based on Release-15) if the 5GCN would not otherwise support these impacts for other NTN services. An indication of NTN access could be provided by the UE – e.g. in the P-Access-Network-Info header field. Option D can also, like Option B, provide an NCGI with higher granularity than that available from the NG-RAN if determined by the AMF at or after initial registration.
Option E uses an existing procedure with no new 3GPP impacts. However, not all networks may support the procedure for other RAT types. For example, the procedure only applies to a network which uses control plane location and would not normally be implemented in a network which use SUPL user plane location. In that case, the procedure could still be added, but would be a new 5GCN impact. The NCGI provided by the solution could also be out of date (and possibly not available) for an emergency services call reattempt by a UE using an already existing PDU session for emergency services.
Option F restricts impacts to the UE and NG-RAN and enables the UE to obtain the most current NCGI. However, NG-RAN impacts may not be small as the NG-RAN would need to obtain recent location information for a UE and map that to an NCGI. 
Options B, C and F have a further advantage of enabling a UE to provide an NCGI for a fixed cell to an SLP to support the SUPL location solution defined in [17] and [18]. As for control plane location using an LMF as defined in 3GPP TS 23.273 [9] and TS 38.305 [19], a location server such as an LMF or SLP, can benefit from an initial approximate location of a UE in the form a cell ID which can be used to provide suitable assistance data to the UE for A-GNSS or determine suitable gNBs (nearby to the UE) to support NR RAT dependent position methods. An LMF would obtain a cell ID (NCGI) from the serving AMF (which for NTN will already have an NCGI for a fixed cell as discussed here). But a SUPL SLP can only obtain the serving cell ID for a UE from the UE itself in a SUPL message. By providing the fixed cell NCGI to the UE, Options B, C and F, but not the other options, enable the UE to provide the NCGI to a SUPL SLP. This may be useful or even necessary for support of emergency services calls if a network operator uses an SLP to obtain an accurate and reliable location of a UE to provide to a PSAP.
The characteristics described above are summarized in Table 1, with green highlight showing advantageous support for any characteristic, red highlight showing disadvantageous support and orange highlight showing conditionally advantageous/disadvantageous support or uncertain support.
	Characteristic
	Option A
	Option B
	Option C
	Option D
	Option E
	Option F

	Need to standardize fixed cells 
	Yes
	No
	No
	No
	No
	No

	Can always provide most current cell ID
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	Enables cell IDs with high granularity
	Yes
	Yes
	Not always
	Yes
	Yes
	Not always

	Enable NCGI provision to a SUPL SLP
	No
	Yes
	Yes
	No
	No
	Yes

	UE impacts
	Yes
	Yes
	Yes
	FFS
	No
	Yes

	NG-RAN impacts
	Yes - if NG-RAN provides cell info
	No
	Yes
	No if NGAP location reporting is supported for other NTN services, else Yes
	No
	Yes

	5GCN impacts
	Yes (AMF) – if 5GCN provides cell info
	Yes (AMF)
	No
	No if NCGI provision via a PCF is supported for other NTN services, else Yes
	No if already supported for emergency services for other RAT types, else Yes
	No


Table 1 – Comparison of Options A-F for Provision of NCGI for a UE
Table 1 indicates that option D has the fewest unconditional disadvantages. However, it does not support SUPL location. Solutions that support SUPL location comprise Options B, C and F. A possible way forward would be to support Option D for networks which do not use SUPL and one of Options B, C or F for networks which use SUPL location. RAN groups can be consulted about which of options B, C and F may be supportable or suitable from an  NG-RAN perspective.
Observation 4	Six alternative solutions were compared for providing a fixed NCGI for a UE to support emergency services. Option D has the fewest unconditional disadvantages but does not support SUPL location. Options B, C and F support SUPL location and RAN groups can be consulted about which of them may be supportable and suitable from an NG-RAN perspective.
4. Proposal
[bookmark: _Hlk51968268]The following observations have been made.
Observation 1	For 5G satellite access, the NGCI received for a UE by the 5GCN from NG-RAN will correspond to a fixed geographic area and may be distinct from the Uu radio cell ID seen by the UE.
Observation 2	3GPP and regional specifications provide support for routing of an emergency services call to a PSAP and determination of a location of a UE based on a TN serving cell ID for the UE.
Observation 3	Although support for routing of an emergency services call to a PSAP and determination of a location of a UE can be based on other information (e.g. a pidf-lo) or other procedures (e.g. LMF location procedures in TS 23.273), continuing support based on a serving cell ID for a UE may reduce network impacts to support emergency services in some networks for UEs with 5G satellite access.
Observation 4	Six alternative solutions were compared for providing a fixed NCGI for a UE to support emergency services. Option D has the fewest unconditional disadvantages but does not support SUPL location. Options B, C and F support SUPL location and RAN groups can be consulted about which of them may be supportable and suitable from an NG-RAN perspective.
Based on these, the following proposals are made.
Proposal 1	Agree to support emergency services calls using Option D.
Proposal 2	Send an LS to RAN2 and RAN3 to request feedback on which of Options B, C and F may be supportable and suitable from an NG-RAN perspective. 
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