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Abstract of the contribution: Discusses accuracy of a CGI received from NG-RAN and concludes that an accurate CGI can be received after the UE enters CM CONNECTED state and that an accurate CGI prior to this is not needed.
1. Introduction
RAN2 has sent an LS [1] to SA2 and other WGs seeking feedback on the determination of a CGI (and TAC) by NG-RAN for provision in User Location Information (ULI) to the Core Network for a UE with NR satellite access.
The relevant portions of the LS are shown below.
	S2-2102115 [1]
LS on UE location aspects in NTN

	As part of the WI NR_NTN_solutions, RAN2 has been discussing how to meet SA3-LI and SA2 requirements with regards to regulatory services (including e.g., lawful intercept).
In RAN2’s understanding, the NG-RAN requires UE’s location information in order to 
-	Perform Core Network selection at least in some scenarios;
-	Construct cell ID in User Location Information (ULI) sent to the Core Network including in NGAP  “Initial UE Message” .
The NG-RAN can use the following assistance information:
- 	TAC and the broadcast cell ID of the serving cell;
- 	Mobility measurements requested by RAN and reported by the UE after AS security has been enabled (as described in TSs 38.300 and 38.331);
- 	UE position, obtained from A-GNSS based measurements provided by the UE (as defined in TS 38.305) after AS security has been enabled.
· Question 1: RAN2 would like to ask RAN3, SA3-LI and SA2 to confirm whether the current functionality identified above is sufficient for use in Non-Terrestrial Networks including initial registration procedure.
· Question 2: RAN2 would like to ask SA3 and SA3-LI to confirm whether A-GNSS based UE location information, i.e. computed at network using A-GNSS based measurements provided by UE, or computed by UE, can be considered reliable e.g. for lawful interception.



As shown previously in S2-2100603 [2], a cell ID, as provided as a CGI in ULI, can be used by a 5GC to route an emergency services call towards a PSAP associated with a current UE location and/or to provide an approximate UE location to a PSAP for an emergency services call. As shown previously in S2-2007690 [3], a CGI provided in a ULI can be used by a 5GC for other purposes such as charging, location services and lawful interception. A CGI could also be used to page a UE at a later time – e.g. can be provided to NG-RAN to direct paging messages within radio cells provided coverage to a last known fixed cell for a UE.
The above uses of a CGI will certainly be assisted if the CGI accurately corresponds to a fixed cell that is comparable in size to a cell for TN access (e.g. 10 kms in size or less) as opposed to a radio cell which might have a size of 400 kms or more. This applies particularly to uses associated with an emergency services call.
In the LS in [1], RAN2 is asking about determination of a CGI for an initial registration procedure as well as subsequent to this. An initial CGI for an initial registration could be less accurate than a later CGI because, for a later CGI, the NG-RAN would have more time to obtain location related measurements (e.g. from the UE or measured by the NG-RAN), which could enable a more accurate location estimate for the UE and a more accurate mapping to a CGI. This is evaluated below.

2. Evaluation of CGI Accuracy
[bookmark: _Toc510607461]Figure 1 shows a UE instigating a NAS procedure when in RRC IDLE and CM IDLE states and transitioning to RRC and CM CONNECTED states in a Phase A (steps 1-13). In a subsequent Phase B (steps 14-17) , the UE instigates a NAS procedure when in RRC and CM CONNECTED states. In a further Phase C (steps 18-20), the AMF performs an NGAP location reporting control procedure to request an updated CGI from NG-RAN.
A summary of steps 1-20 is provided below based on existing procedures documented in 3GPP TSs 38.300 [4], 23.502 [5], 38.413 [6], 38.331 [7], 24.501 [8] and 33.501 [9]. There is nothing new here other than collecting together existing information with a focus on provision of a CGI to an AMF.


Figure 1: Provision of CGI to an AMF for Initial UE Access and following Initial UE Access
1.	The UE starts off in RRC IDLE and CM IDLE states.
2.	The UE selects a\ radio cell (e.g. an existing camped on radio cell) and sends an RRC Setup Request to NG-RAN (e.g. a gNB) to request an RRC signalling connection in the radio cell.
3.	The NG-RAN returns an RRC Setup message.
4.	The UE sends an RRC Setup Complete message and includes a NAS Request message (e.g. a Registration Request or a Service Request).
5.	The NG-RAN determines an initial CGI 1 for the UE. This can be based on any initial location related information for the UE which is available to the NG-RAN, such as a coverage are of the radio cell, any location information provided by the UE in the RRC Setup Complete and any measurements obtained by the NG-RAN. The initial location can be mapped to a TAC and a CGI 1 which can be included in ULI.
6.	The NG-RAN forwards the NAS Request to an AMF in the serving PLMN and includes CGI 1 (as part of ULI).
7.	The AMF instigates authentication of the UE and establishes a security association with the UE at the NAS level.
8.	The AMF sends an NGAP Initial Context Setup Request to the NG-RAN to establish context information for the UE including a security context. A NAS Response message can be included depending on the NAS Request at step 4 (e.g. for a Service Request at step 4, a Service Accept can be included at step 8).
9.	The  NG-RAN activates AS security with the UE at the RRC level.
10.	If included at step 8, a NAS response is forwarded to the UE.
11.	A confirmation of context establishment is returned to the AMF.
12.	A NAS Response (e.g. a Registration Accept) is sent to the UE by the AMF if not included at step 8.
13.	Any time after step 9, the NG-RAN configures measurements in the UE which are periodically reported back to NG-RAN by the UE and can be used to support handover as well as to help determine a more accurate location of the UE.
14.	The UE sends another NAS Request message to NG-RAN. For example, in the case of an emergency services call, this might be a PDU Session Establishment Request for a PDU session for emergency services. 
15.	The NG-RAN repeats step 5 to determine a subsequent CGI 2. Since NG-RAN can have more location information available at step 15 than at step 5, due to measurements provided as part of step 13, the CGI 2 may be more accurate (more granular) than the CGI determined at step 5. For example, a CGI 1 with a large area may be determined at step 5, whereas a CGI 2 with a smaller area my be determined at step 15.
16.	The NG-RAN forwards the NAS Request to the AMF and includes a ULI  IE containing CGI 2. The AMF can now replace CGI 1 with CGI 2 which may be more accurate.
17.	The AMF and other entities in the serving PLMN perform functions associated with the NAS Request – e.g. establish a PDU session for emergency services if that was requested and the AMF returns a NAS Response (e.g. PDU Session Establishment Accept) to the UE via NG-RAN.
18.	The AMF may be requested to provide the most current CGI for the UE by another entity (e.g. an LMF, P-CSCF, PCF, SMF) using the Namf_EventExposure service operation. If Phase B has not yet occurred or if Phase B occurred some time in the past or if CGI 2 is not accurate (e.g. corresponds to a large area), the AMF can invoke the existing NGAP location reporting procedure defined in TS 38.413 [6] and TS 23.502 [5] and send a request to the NG-RAN for the latest CGI.
19.	The NG-RAN can perform the actions of step 15 to obtain a CGI 3 which can be more accurate (more granular) than CGI 1.
20. The NG-RAN returns CGI 3 to the AMF as part of a ULI IE. The AMF can then forward CGI 3 to the entity requesting this at step 18.
Figure 1 shows that the CGI initially received by an AMF when a UE first transitions from CM IDLE to CM CONNRECTED state can be less accurate (less granular) than a CGI received subsequently by the AMF while the UE is in CM CONNECTED state. For example, if the NG-RAN only has the known radio cell coverage area at step 5 and no other location information and if a radio cell size is significantly larger than the size of fixed cells, then the NG-RAN may not be able to determine a CGI for the UE at step 5 and the ULI sent to the AMF at step 6 may just contain a TAC and no CGI (e.g. may contain a reserved CGI value encoded to indicate that a CGI could not be obtained). Conversely, after the UE has been in CM CONNECTED state for a short while (e.g. a  few seconds), the NG-RAN may have enough location information at step 15 and/or step 19 to enable the determination of a CGI. For example, additional location information may be obtained from the UE after AS security is established as part of step 13.
Observation 1	A CGI received by an AMF when a UE initially transitions into CM CONNECTED state may not contain an CGI or may contain an CGI with low accuracy. 
Observation 2	A CGI received by an AMF after a UE has been in CM CONNECTED state for a short time (e.g. a few seconds) may contain a CGI with higher accuracy. 

3. Consequences of CGI Accuracy to an Emergency Services Call 
Figure 2 shows Figure 7.1 in TS 23.167 [10] which is a high level summary of the main steps in establishing an IMS emergency services call over PS access such as E-UTRAN or NG-RAN.


Figure 2 - Terminal Detected Emergency Calls (Figure 7.1 in TS 23.167)
The UE may already be in CM CONNECTED state when the emergency services call is detected by the UE at step 1, but, if not, the UE would Register with the IP-CAN (5GC in this case) at step 3. At that point, the AMF would receive the less accurate CGI discussed in section 2 for Phase A of Figure 1.
As step 4, the UE would establish a PDU session for emergency services as defined in TS 23.502 [5]. This would correspond to Phase B of Figure 1 where the AMF can receive a more accurate CGI from NG-RAN.
The UE would then discover a P-CSCF (step 5), perform an IMS Registration for emergency services (step 6) and finally establish an emergency session to a PSAP (step 7). 
Routing of the emergency services call towards a PSAP associated with the current location of the UE would occur as part of step 7. As described in TS 23.167 [10], this can make use of a location identifier in the form of a CGI. The CGI is provided initially to the AMF by the NG-RAN and can be transferred to a P-CSCF directly or via other entities (e.g. SMF, PCF). The P-CSCF can include the CGI in a SIP INVITE sent by the UE as part of step 7 as described in TS 23.167 Annex H.4 [10]. The CGI can be used to determine the PSAP at an E-CSCF or LRF as described in TS 23.167 [10]. 
The CGI which is used for routing at step 7 in Figure 2 does not need to be the CGI initially obtained during step 3 if step 3 if performed. It can be a CGI obtained as described for phase B or phase C of Figure 1 and can thus be more accurate.
Observation 3	The CGI used to route an emergency services call towards a PSAP associated with the location of the UE can be a more accurate CGI obtained after the UE has entered CM CONNECTED state.
A similar observation applies to other uses of a CGI – e.g. use of a CGI to support charging, lawful interception, location services and provision of a location to a PSAP for an emergency services call. In all of these cases, a more accurate CGI obtained as described for phase B or phase C of Figure 1 can be used rather than initial CGI obtained as for phase A of Figure 1.
Observation 4	The CGI used to support other services such as charging, lawful interception, location services and provision of a location to a PSAP for an emergency services call can be a more accurate CGI obtained after the UE has entered CM CONNECTED state.

4. Requirements on Accuracy of a CGI to assist an Emergency Services Call
A CGI used at step 7 of Figure 2 to support routing of an emergency services call would ideally need to have comparable accuracy (granularity) to that for a TN cell if emergency services calls for NR satellite access are to receive equivalent support to that for TN.
Although there may be countries and regions where comparable accuracy is not needed (e.g. where a country supports one PSAP for the entire country), there are countries like the US which have thousands of PSAPs each with its own specific service area (e.g. the US has 6100 PSAPs according to Wikipedia). 
As a consequence, NG-RAN needs an ability to support determination of a CGI with accuracy comparable to that for TN after the UE enters CM CONNECTED state. But it is not necessary to support such accuracy before a UE becomes CM CONNECTED.
Observation 5	NG-RAN needs an ability to support determination of a CGI with accuracy comparable to that for TN after the UE enters CM CONNECTED state. But it is not necessary to support such accuracy before a UE becomes CM CONNECTED
5. Proposal
[bookmark: _Hlk51968268]The following observations have been made.
Observation 1	A CGI received by an AMF when a UE initially transitions into CM CONNECTED state may not contain an CGI or may contain an CGI with low accuracy. 
Observation 2	A CGI received by an AMF after a UE has been in CM CONNECTED state for a short time (e.g. a few seconds) may contain a CGI with higher accuracy. 
Observation 3	The CGI used to route an emergency services call towards a PSAP associated with the location of the UE can be a more accurate CGI obtained after the UE has entered CM CONNECTED state.
Observation 4	The CGI used to support other services such as charging, lawful interception, location services and provision of a location to a PSAP for an emergency services call can be a more accurate CGI obtained after the UE has entered CM CONNECTED state.
Observation 5	NG-RAN needs an ability to support determination of a CGI with accuracy comparable to that for TN after the UE enters CM CONNECTED state. But it is not necessary to support such accuracy before a UE becomes CM CONNECTED
Based on these observations, the following proposal is made.
Proposal 1	Answer the question from RAN2 as follows
Question 1: RAN2 would like to ask RAN3, SA3-LI and SA2 to confirm whether the current functionality identified above is sufficient for use in Non-Terrestrial Networks including initial registration procedure.
SA2 Answer:	SA2 believes that mobility measurements requested by RAN and reported by the UE after AS security has been enabled, and/or A-GNSS based measurements provided by the UE after AS security has been enabled may be sufficient to determine a CGI with sufficient accuracy to support services provided in 5GC such as support of emergency services calls. SA2 notes that the accuracy of a CGI may need to align with the accuracy of a CGI for TN in certain regions such as where an emergency services call needs to be routed to a specific PSAP associated with the current location of a UE. SA2 further notes that while accurate CGI determination for an initial registration procedure can be useful, it is not essential as long as a more accurate CGI can be provided soon after a UE has entered CONNECTED state.
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