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1. Introduction 
In RAN2#116-e meeting, RAN2 briefly discussed TAC handling in NTN [1] and [2], based on the SA2 LS that summarized four alternative options for reporting TAC(s) in the ULI, sent from gNB to AMF [3]. RAN2 did not agree on a preferable option and postponed its decision pending further input from SA2. 
In SA#148e meeting, SA2 agreed that option C & D can be combined to support TAC reporting in ULI.
In this contribution we discuss the two options, agreed by SA2, and highlight some issues related to the use of those options.  
2. Discussion 
2.1 Background on TAC handling in NTN
RAN2 has the following understanding or TAC handling for NTN:
· The network may broadcast one or more TACs per PLMN in a cell.
· UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s RA.
· AS indicates to NAS layer all received TACs per PLMN. 

In RAN3#112-e, RAN3 sent the following question to RAN2 and SA2 in the “reply LS on UE location aspects in NTN” [4]:
	RAN3 has also considered the related question of TAC reporting in the ULI, taking into account RAN2’s agreement to support broadcast of multiple TACs per PLMN in a cell [see LS in R2-2104377]. RAN3 is not clear on which of the broadcast TACs the gNB will indicate to the CN in ULI, and RAN3 also noted that one or more of the broadcast TAIs might not be consistent with the UE’s Registration Area. 
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).  



In our understanding, in a NTN cell the UE may be aware of one or more TACs, broadcasted by its serving cell per PLMN. Therefore, it is possible that the UE may select a TAC, which is not part of its RA, and still not perform mobility registration updating, as long as at least one of the broadcast TACs, in the serving cell, is part of its RA.
Observation 1: In a NTN cell, the UE may select a TAC, which is not consistent with its RA, and would still not perform a mobility registration update procedure, as long as at least one of the broadcast TACs, in the serving cell, is part of the UE’s RA.        
Moreover, considering that the UE may /or may not know the TAC or TA in which it is physically located, the UE may end up selecting a TAC which does not corresponds to its geographic location. 
Observation 2: In a NTN cell, the UE may select a TAC which does not corresponds to its geographic location.   

In SA2#146-e, SA2 provided four alternative Options (A, B, C and D) for reporting TAC(s) in the ULI. Additionally, SA2 mentioned that these options can impact support for mobility registration updating, paging, service areas and forbidden areas [5].
in RAN2#116-e meeting, RAN2 briefly discussed SA2 options, but did not reach any agreements.

2.2 SA2’s agreed Options for TAC selection in NTN: 
In SA2#147-e meeting, SA2 further discussed the four alternative options for TAC reporting and agreed that Options C and D can be combined to support TAC reporting in a ULI [3]:  
	[text omitted] 
SA2 has since agreed that Options C and D can be combined to support TAC reporting in a ULI and that service areas and forbidden areas can be supported in a manner approximating that for TN based on this TAC reporting.
· For NR satellite access, NG-RAN will report all broadcast TACs to AMF as part of ULI.

· The NG-RAN may determine the TAI the UE is currently located and provide that TAI (if known) to AMF as part of ULI. The ULI contains the TAI for the TA in which the UE is physically located, no matter whether the TAC is broadcasted in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location.

Associated CRs agreed for TSs 23.501 and 23.502 are attached.
SA2 asks CT1, RAN2 and RAN3 to take this new information into account in completing support for NR Satellite Access in Release 17 and to provide any comments, questions or other feedback concerning the new SA2 agreements.



Observation 3: NG-RAN determines the TAC based on its knowledge of the UE location.
Observation 4: NG-RAN will report all broadcast TACs to AMF as part of the ULI.

2.2.3 Option C: NG-RAN determines the TAC based on the UE location 
According to the SA2 LS [3], NG-RAN would determine the TAC of the TA in which the UE is physically located regardless whether the TAC is broadcasted in the serving cell:
NG-RAN may determine the TAI the UE is currently located and provide that TAI (if known) to AMF as part of ULI. The ULI contains the TAI for the TA in which the UE is physically located, no matter whether the TAC is broadcasted in the serving radio cell or not.

In our understanding, for the Option C, the NG-RAN may select a TAC that is not part of the broadcasted multiple TACs in the serving cell, and this TAC may not be consistent with the UE’s RA. This can impact support for mobility registration updating, paging, service areas and forbidden areas.
Observation 5: For the Option C, the NG-RAN selects a TAC, independent of whether this TAC is broadcasted in the serving cell.
Observation 6: For the Option C, the NG-RAN may select a TAC that corresponds to a TA not consistent with the UE’s RA. This may impact support for mobility registration updating, paging, service areas and forbidden areas. 

Additionally, for the Option C, the UE will need to report its location information to the NG-RAN. This could cause privacy concern of a potential attack on this information, e.g. during initial access stage (i.e. before activation of AS security). Therefore, RAN2 requested SA3 feedback on whether there could be any security concern if the UE sends its location information to the NG-RAN [6]:
	[Text Omitted]
To SA WG3
ACTION:   RAN2 would like to ask SA3 whether there is privacy concern if a UE reports the location information to NG-RAN with ~2km radius accuracy before AS security is established, e.g. during initial access.



In SA3#105 meeting, SA3 discussed the RAN2 LS [6] and sent the following SA3 reply LS [7]:
	[bookmark: _Hlk69931360]SA3 would like to thank RAN2 for their LS on UE location aspects in NTN.
[bookmark: _Hlk69931230]SA3 discussed the assumption of RAN2, and could not agree on specific security issues caused by the UE sending location information to the gNB. 
However, SA3 believes that allowing the UE to send unprotected location information will expose the UE to more risks than not sending it. If a permanent/temporary ID (e.g. SUPI/IMSI, 5G GUTI) is sent together with the location information unprotected at initial access, SA3 is of the view that there could be a privacy issue.
SA3 would also like to remind that the UE location information the network is relying on for AMF selection may not be reliable due to a lack of integrity protection.
Therefore SA3 recommends that RAN2 defines a solution that avoids sending unprotected UE location information to the gNB. 


Observation 7: The Option C may cause security concern due to sending unprotected UE location information to the NG-RAN (e.g. before activation of AS security).

Additionally, the NG-RAN may need to obtain the user consent before acquiring or using the UE location information. Therefore, RAN2 has also requested feedback on this issue from SA3 [8], [9]: 
	RAN2 has made following agreements:
· 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.




In SA3#105 meeting, SA3 discussed the RAN2 LSs [8], [9] and provided the following Reply LS [10]:
	SA3 would like to thank RAN2 for their LS on NTN specific user consent.
Depending on the local jurisdiction and its regulations, NTN specific user consent may be needed before gNB can configure the UE to report the UE location information. 
SA3 is currently introducing new requirements to TS 33.501 for user consent handling. Although such requirements are generic, they may need to be complemented in order to cover the different use cases, such as, in this context, the handling of user consent for UE location information for NTNs. SA3 has not yet studied how this user consent handling can be used specifically for the NTN use case.



Observation 8: The NG-RAN obtains an NTN specific user consent before acquiring the UE location information.

Proposal 1: The UE provides an NTN specific user consent on location information to NG-RAN.

2.2.4 Option D: NG-RAN will report all broadcast TACs to AMF as part of ULI
The ULI contains all TAC(s) currently broadcast by the serving radio cell.
Observation 9: No TAC selection in the Option D, all TACs are provided by the NG-RAN to the CN in the ULI. This option may have the least impact at the CN side. 

In our understanding, Option D seems to have the least impact.
· Option D: the exact UE location is verified by the network (e.g. by the LMF).
However, in RAN2#114-E, RAN2 agreed that the: 
	1. RAN2 Working Assumption: RAN2 doesn’t need to do anything to ensure that final UE location information at the core network is trustable so far (it's other WGs business to define solutions to verify the UE location)



Observation 10: For the Option D, the exact UE location information may be verified by the Network. 

Proposal 2: RAN2 to agree on selection of the Option C and/or Option D.
Proposal 3: RAN2 to provide a reply LS to SA2 with feedback on the selected option(s).  

3. Conclusion
[bookmark: _GoBack]In this contribution we discussed the SA2 agreement to support Options C and D for TAC reporting in a ULI [3]. Additionally, we highlighted some of the issues related to the use of Option C in terms on potential security concern due to reporting of unprotected location information. The following are the observations and proposals in this document:  
Observation 1: In a NTN cell, the UE may select a TAC, which is not consistent with its RA, and would still not perform a mobility registration update procedure, as long as at least one of the broadcast TACs, in the serving cell, is part of the UE’s RA.      
Observation 2: In a NTN cell, the UE may select a TAC which does not corresponds to its geographic location.  
Observation 3: NG-RAN determines the TAC based on its knowledge of the UE location.
Observation 4: NG-RAN will report all broadcast TACs to AMF as part of the ULI.
Observation 5: For the Option C, the NG-RAN selects a TAC, independent of whether this TAC is broadcasted in the serving cell.
Observation 6: For the Option C, the NG-RAN may select a TAC that corresponds to a TA not consistent with the UE’s RA. This may impact support for mobility registration updating, paging, service areas and forbidden areas. 
Observation 7: The Option C may cause security concern due to sending unprotected UE location information to the NG-RAN (e.g. before activation of AS security).
Observation 8: The NG-RAN obtains an NTN specific user consent before acquiring the UE location information.
Observation 9: No TAC selection in the Option D, all TACs are provided by the NG-RAN to the CN in the ULI. This option may have the least impact at the CN side. 
Observation 10: For the Option D, the exact UE location information may be verified by the Network. 

Proposal 1: The UE provides an NTN specific user consent on location information to NG-RAN.
Proposal 2: RAN2 to agree on selection of the Option C and/or Option D.
Proposal 3: RAN2 to provide a reply LS to SA2 with feedback on the selected option(s).  
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5. Annex A (on TAC reporting in ULI and support of SAs and FAs for NR Satellite Access [3]): 
	1 Overall description
SA2#146e previously sent an LS Response to CT1, RAN2 and RAN3 in S2-2106651 entitled “LS Response to Reply LS on UE location aspects in NTN” summarizing four alternative Options (Options A, B, C and D) then being evaluated by SA2 to define how to report a TAC or TACs in the ULI sent over N2 from a gNB to an AMF. SA2 also indicated that “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”.
SA2 has since agreed that Options C and D can be combined to support TAC reporting in a ULI and that service areas and forbidden areas can be supported in a manner approximating that for TN based on this TAC reporting.
· For NR satellite access, NG-RAN will report all broadcast TACs to AMF as part of ULI.

· The NG-RAN may determine the TAI the UE is currently located and provide that TAI (if known) to AMF as part of ULI. The ULI contains the TAI for the TA in which the UE is physically located, no matter whether the TAC is broadcasted in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location.

Associated CRs agreed for TSs 23.501 and 23.502 are attached.
SA2 asks CT1, RAN2 and RAN3 to take this new information into account in completing support for NR Satellite Access in Release 17 and to provide any comments, questions or other feedback concerning the new SA2 agreements.
2	Actions
To CT1, RAN2, RAN3
ACTION: 	SA2 asks CT1, RAN2 and RAN3 to take the new information into account in completing support for NR Satellite Access in Release 17 and to provide any comments, questions or other feedback concerning the new SA2 agreements.
3	Dates of next TSG SA WG2 meetings
SA2#149E		14-25 February 2022		Electronic Meeting







6. Annex B (LS Response to Reply LS on UE location aspects in NTN [5])
	1	Overall description
SA2 thanks RAN3 for the Reply LS on UE location aspects in NTN and is able to provide answers to the two questions directed to SA2.
Regarding Question 2 in the LS:
Question 2: RAN3 requests SA2 to confirm that it is acceptable that, in some cases, the CGI contained in the ULI at initial access may represent a geographical area larger than typical TN cell coverage areas, and which may possibly span the area of multiple TACs.

Answer from SA2:

SA2 previously commented on the accuracy/granularity of a reported CGI in an LS entitled “Reply to LS on UE location aspects in NTN” in S2-2103550 sent from SA2#144e to RAN2 and CC’d to RAN3. SA2 reiterates that the geographic area represented by the CGI in a ULI may need to be comparable to a TN cell coverage area in order to support e.g. emergency services, etc. Although, when this is not possible, it can be possible for the 5GCN to obtain a UE location that can be used instead. For an initial access where the UE has just entered an RRC CONNECTED state, SA2 confirms that it is unnecessary for the geographic area represented by the CGI to be comparable to a TN cell coverage area as long this can be supported in a ULI provided subsequently (e.g. in a ULI provided for a subsequent NAS message sent to an AMF).

Regarding Question 4 in the LS:
RAN3 has also considered the related question of TAC reporting in the ULI, taking into account RAN2’s agreement to support broadcast of multiple TACs per PLMN in a cell [see LS in R2-2104377]. RAN3 is not clear on which of the broadcast TACs the gNB will indicate to the CN in ULI, and RAN3 also noted that one or more of the broadcast TAIs might not be consistent with the UE’s Registration Area. 

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).  

Answer from SA2:

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.
2	Actions
To RAN3, RAN2, CT1
ACTION: 	SA2 asks RAN3, RAN2 and CT1 to take the above answers into account and to provide any feedback including comments or questions.



