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1. Introduction
RAN2 sent an LS reply on UE location aspects in NTN [1] to RAN3. The content of the LS is as following:
	Question 1: RAN3 would like RAN2 to confirm whether the gNB will be able to acquire UE location information with an accuracy comparable to TN cell granularity (e.g. GNSS information or otherwise) after AS security, and also to confirm whether it is possible to provide any level of UE location information (i.e. finer than NTN Uu cell accuracy) before AS security.
RAN2 answer: RAN2 has made following agreements:
· [bookmark: OLE_LINK33]UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). 
· if SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.
· After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN.

Question 3: RAN3 welcomes any feedback from RAN2 on the described case (i.e. the gNB to trigger inter-AMF handover when crossing country borders).
RAN2 answer: RAN2 understands it is up to other working groups to decide on triggering of the N2-based Handover to change the AMF based on available information such as UE location information, if available and reported by UE

Question 4: RAN3 requests RAN2, CT1 and SA2 to provide any feedback on above issue (i.e. which TAC should be reported by the gNB in case of multiple broadcast TAC).  
RAN2 answer: RAN2 may be able to provide feedback on this later.




According to the LS, the following information can be obtained:
· Before AS security is established, gNB can only obtain coarse location with ~2 km from UE.
· After the establishment of AS security, gNB can obtain a GNSS-based location information from UE which can be considered as accurate.

In addition, as a response to RAN3’s LS which captures the agreement of RAN2 to support multiple TACs per PLMN in a cell, SA2 analyses potential options for handling multiple TACs in [2] as follow,

	SA2 has identified several alternative options for reporting of a TAC in the ULI.
Option A:	The ULI contains a TAC selected by NG-RAN out of the TAC(s) broadcast by the serving radio cell for the UE. Different options are available for how this TAC is selected. For example: 
1. The TAC could be selected by NG-RAN and correspond to the TA in which the UE is physically located if this is one of the TACs broadcast in the serving radio cell. NG-RAN selects the TAC based on its available knowledge of the UE location. This option does not apply in case the UE is located in a TAI and the corresponding TAC is not broadcast in UE’s serving cell (e.g. in case of hard TAC). 
2. The TAC could be selected by NG-RAN and corresponding to the TA with greatest geographic overlap with the current earth area projected by the NTN Uu cell. 
Option B:	The ULI contains a TAC selected by the UE out of the TAC(s) broadcast by the serving radio cell. The TAC could be selected by the UE based on the Registration Area and other information. The UE provides the selected TAC to NG-RAN and NG-RAN provides it to the CN in the ULI. 
Option C: 	The ULI contains the TAC for the TA in which the UE is physically located, independent of whether the TAC is broadcast in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location. NG-RAN may also indicate in the ULI whether the TAC is broadcast in the serving radio cell.
Option D: 	The ULI contains all TAC(s) currently broadcast by the serving radio cell.
There may also be additional options. SA2 would like to highlight that the options have different pros and cons, and that some options may have issues to support e.g. reachability/paging or mobility restrictions, which need to be further evaluated. SA2 would welcome feedback from CT1, RAN2 and RAN3 on the above options.
The support of broadcast of multiple TACs per PLMN and the options for reporting a TAC in a ULI as described above can impact support for mobility registration updating, paging, service areas and forbidden areas which SA2 commented on already in an LS entitled “LS Response to LS on multiple TACs per PLMN” in S2-2104891 sent from SA2#145e to RAN2, CT1 and CC RAN3. SA2 welcomes feedback, comments and questions from RAN2, RAN3 and CT1 on these aspects.




In this document, we analyse the impact of the above LSs from RAN3 perspective.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Country-specific issue
As per RAN’s LS, RAN 2 can provide a UE coarse location information with ~2km accuracy. Compared to TAC and the broadcast Uu cell ID, such coarse location greatly reduces the possibility of selecting the wrong AMF/PLMN before the establishment of AS security. Even there exist a wee tiny chance that the wrong AMF is chosen in case of country borders, RAN3 also already provided solution for the cross border issues (see BLCR TS 38.300 and TS 38.410), and additional methods such as mobility measurements and GNSS-based location information can be provided after the establishment of AS security to correct the mistake. Therefore, the inputs proposed by RAN2 are sufficient for NNSF. 
Proposal 1: The inputs proposed by RAN2 (coarse location information) are sufficient for NNSF.
2.2 Multiple TAC issue
In this subsection, we analyse the options listed by SA2, and try to find the most appropriate solution for RAN3 and other WGs to handle the multiple TAC issue.
For Option A, the core is let NG-RAN to determine a TAC out of the TAC(s) broadcast by the serving radio cell. However, the option relies on the available knowledge of the UE location which corresponds to a coarse location before AS security is established. Note that, with only a coarse location provided, NG-RAN can hardly determine the correct TAC where the UE is actually located, especially when UE is located in the boundary area of a certain TAC. Therefore, option A is not reliable in the sense of selecting the accurate TAC.
As for Option B, instead of letting NG-RAN to select one TAC out of the multiple TACs, it will be UE’s responsibility to determine the sole TA.  We note that this option requires UE side to maintain the mapping relationship between GNSS location and TAI. However, the method is also not appropriate as it needs to expose network topology information to UE for obtaining the mapping relationship, which may not be consistent with operators’ policy and rule out from RAN2.
With Option C, on the other hand, the TAC included in the ULI corresponds to a TA in which the UE is physically located, independent of whether the TAC is broadcast in the serving radio cell or not. Nevertheless, as we pointed out in the discussion for Option A, with only the knowledge of a coarse location, we have no ability to determine a unique TAC, so it is not guaranteed to select the correct one.
For Option D, NG-RAN does not determine a TAC but includes all TACs currently broadcast by the serving radio cell in the ULI. Compared to the other three options, we found this option is the most reasonable one. By including more than one TACs in ULI, the AMF will know that NG-RAN can’t determine a correct TA at the moment, and the CN may trigger special operations for managing forbidden area/non-allowed areas, which will be considered by SA2 anyway. 
Since in the current ULI IE only one TAC can be included, to support transmitting all involved TACs to AMF via NG, an optional IE (support a TAI list) should be added in the current ULI IE.
Proposal 2: Among the options listed by SA2, Option D is the most appropriate one and should be taken. 
Proposal 3: An optional TAI list IE should be added in the ULI IE to support multiple TACs.
In addition, before the establishment of AS security, providing coarse location (~2km) also incurs a problem that the coarse location is moving and is very likely to cover multiple mapped cells. Therefore, when NG-RAN does the mapping and selects a CGI to report to AMF, uncertainty of the currently selected CGI should also be reported to AMF. The uncertainty means the currently reported CGI is selected based on the coarse location and may not be accurate, which should be introduced in ULI as a new IE.
Proposal 4: A new IE should be introduced to indicate the uncertainty of the reported NR CGI in ULI.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following proposals:
[bookmark: _Toc423020280]Proposal 1: The inputs proposed by RAN2 (coarse location information) are sufficient for NNSF.
Proposal 2: Among the options listed by SA2, Option D is the most appropriate one and should be taken. 
Proposal 3: An optional TAI list IE should be added in the ULI IE to support multiple TACs.
Proposal 4: A new IE should be introduced to indicate the uncertainty of the reported NR CGI in ULI.
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This IE is used to provide location information of the UE.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CHOICE User Location Information
	M
	
	
	
	-
	

	>E-UTRA user location information
	
	
	
	
	
	

	>>E-UTRA CGI
	M
	
	9.3.1.9
	
	-
	

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	>>Age of Location
	O
	
	Time Stamp
9.3.1.75
	Indicates the UTC time when the location information was generated.
	-
	

	>>PSCell Information
	O
	
	NG-RAN CGI
9.3.1.73
	
	YES
	ignore

	>NR user location information
	
	
	
	
	
	

	>>NR CGI
	M
	
	9.3.1.7
	
	-
	

	>>NR CGI Uncertainty Flag
	O
	
	ENUMERATED(uncertain, certain, …)
	Indicates the uncertainty of CGI in NTN
	YES
	ignore

	>>TAI
	M
	
	9.3.3.11
	
	-
	

	>>TAI List in NTN Cell
	
	
	0..<maxnoofTAIinNTNCell>
	Used in case multiple TAIs are reported to CN in NTN
	YES
	ignore

	 >>>TAI
	M
	
	9.3.3.11
	
	YES
	ignore

	>>Age of Location
	O
	
	Time Stamp
9.3.1.75
	Indicates the UTC time when the location information was generated.
	-
	

	>>PSCell Information
	O
	
	NG-RAN CGI
9.3.1.73
	
	YES
	ignore

	[bookmark: _Hlk44345107]>>NID
	O
	
	9.3.3.42
	
	YES
	reject

	>N3IWF user location information
	
	
	
	
	
	

	>>IP Address
	M
	
	Transport Layer Address 
9.3.2.4
	UE's local IP address used to reach the N3IWF
	-
	

	>>Port Number
	O
	
	OCTET STRING
(SIZE(2))
	UDP or TCP source port number if NAT is detected.
	-
	

	>TNGF user location information
	
	
	
	
	YES
	ignore

	>>TNAP ID
	M
	
	 OCTET STRING

	TNAP Identifier used to identify the TNAP. Details in TS 29.571 [35].
	-
	

	>>IP Address
	M
	
	Transport Layer Address 
9.3.2.4
	UE's local IP address used to reach the TNGF.
	-
	

	>>Port Number
	O
	
	OCTET STRING
(SIZE(2))
	UDP or TCP source port number if NAT is detected.
	-
	

	>TWIF user location information
	
	
	
	
	YES
	ignore

	>>TWAP ID
	M
	
	OCTET STRING

	TWAP Identifier used to identify the TWAP. Details in TS 29.571 [35].
	-
	

	>>IP Address
	M
	
	Transport Layer Address 
9.3.2.4
	Non-5G-Capable over WLAN device's local IP address used to reach the TWIF.
	-
	

	>>Port Number
	O
	
	OCTET STRING
(SIZE(2))
	UDP or TCP source port number if NAT is detected.
	-
	

	>W-AGF user location information
	
	
	
	Indicates the location information via wireline access as specified in TS 23.316 [34].
	YES
	ignore

	>>W-AGF user location information
	M
	
	[bookmark: _Hlk44327281]9.3.1.164
	
	-
	



	Range bound
	Explanation

	maxnoofTAIinNTNCell
	Maximum no. of TAIs that can be reported to CN is FFS, and depend on RAN2 progress.
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