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1. Introduction
In this paper, we share some understanding on the TAU update, mainly focus on the TAC related questions asked by CT1 and RAN3, as well as the UE location report.
2. [bookmark: _Toc12718547]Discussion
2.1. TAC update
The following options have been discussed at RAN2#113bis-e and an LS [1] has been sent to CT1and SA2 to check the feasibility of option 1 and option 2.
-	Option 1: AS still reports only one TAC for one PLMN even if more than one TACs per PLMN are broadcasted in an NTN cell.
-	Option 2: AS indicates all received TAC(s) for one PLMN to NAS layer.
Both CT1 and SA2 has provided feedback with some further questions asked.
CT1 (R2-2106904/ C1-213965) [2]: Option 2 is feasible and with Option 2 the following impact to the NAS layer (non-exhaustive) is expected:
-A TAI from the multiple TAIs will need to be selected as the current TAI. However, it is not clear to CT1 how the NAS layer selects a TAI from the multiple TAIs.
CT1 will consider further impacts and make clarification according to feedback from RAN2 and SA2. CT1 needs further analyses to consider how the network gets to know the selected TAI.
In addition, CT1 would like to ask what should be considered for TAI selection. In the LS R2-2104377/C1-212840, only the registration area is mentioned.
SA2 (R2-2106966/S2-2104891) [3]: SA2 has discussed the two options mentioned in the RAN2 LS. SA2 believes that Option 2 is feasible to support UE reachability and paging, although there is an impact to the NAS layer but this is also something CT1 needs to analyse from stage 3 perspective.
For Option 1, SA2 tentatively agrees that reporting of only one TAC for one PLMN by AS to NAS would require no change to NAS. However, there may be drawbacks with this approach as it is not clear:
-how the UE AS layer determines which TAC to be reported to UE NAS layer, and
-whether and how the UE NAS layer could be informed of other TACs, e.g. in the case that the reported TAC is not in the UE Registration Area but another unreported TAC is.  
In addition to reachability and paging, there are other aspects related to supporting multiple TACs per cell that require further study, such as how Service Area Restrictions and Forbidden Areas would be supported.
SA2 will further analyze both options, and also take any CT1 reply into consideration, and provide further feedback when available.
· TAC selection from the broadcast multiple TACs
For option 2, all the broadcast TACs will be reported from AS to NAS, CT1 understand NAS will select one from them and decide whether to trigger TAU and questions have been asked on how to select the TAC.
In NTN, we have confirmed that the TAC is fixed on earth so that each TAC identifies a certain geographical area UE is in, which allows NW to be aware where to page UE. Broadcasting multiple TACs per PLMN is trying to reduce the TAU triggered by satellite movement while UE stays still.  
According to the agreement we made in RAN2#113bis-e that RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area, it seems reasonable to let UE select the TAC based on the registration area and if there is a TAC within the TAI list UE will select such a TAC and will not trigger TAU. But considering the UE movement and the TAC is also used to identify UE’s location, selecting the TAC based on the registration area does not seems to be a solution suitable for all the cases.

 
Figure 1. Example of TAC update
As shown in the above figure, cell#1 broadcast TAC#1 at T1 and NW accepts TAC#1 as the registration area. At T2, cell#2 broadcasts TAC#1 and TAC#2 while UE moves slightly and is now within the scope of TAC#2. If we follow the principle that UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area and have UE select TAC#1 and decide not to trigger TAU, network would not be aware that UE has now moved to TAC#2. Another case shown at T3, cell#1 broadcast TAC#2 and TAC#3 and neither of them is within UE’s registration area, UE still needs to select one from them. For both cases at T2 and T3, we understand it is better if UE can select the TAC based on its location so that TAC#2 will be selected and TAU will be triggered and network would be aware that UE is now in TAC#2 and will page UE in TAC#2 later on.
Proposal 1: When more than one TACs are provided from AS layer to NAS, NAS should select one from them based on UE’s location and decide whether to trigger TAU based on the selected TAC.
· TAC in ULI
RAN3 also mentioned in their LS [4] that they 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. We understand the TAC reported in ULI is also help to identify the user location thus it is preferred to indicate the TAC selected based on UE location to CN in ULI. To achieve this, the NAS layer should inform AS layer the selected TAC and the AS layer should report the selected TAC to network so that it can be further indicated to CN in ULI.
Proposal 2: RAN2 understand the TAC selected based on UE location should be reported to CN in ULI.
Proposal 3: NAS layer should inform AS layer the selected TAC, which will then be reported to the network to be included in the ULI.
2.2. UE location report
The following agreements have been made last meeting on UE location report and an LS [5] has been sent to RAN3, SA2, SA3 and SA3-LI to inform our decisions.
RAN2 will work on a solution to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.
RAN3 has also sent us an LS with some further questions asked:
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.
In addition to the above, RAN3 would like to draw RAN2’s attention to the scenario in which a RRC_CONNECTED UE moves across a country border but remains in the same NTN cell. To enable triggering of the N2-based Handover to change the AMF, RAN3 agreed that the gNB is expected to know from the UE, when the UE moves across the country border (to some reasonable level of precision), in case the serving NTN cell serves more than one country. This is linked to a requirement in TS 23.502. RAN3 assumes that this scenario may be covered by functionality needed for CGI mapping.
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).
In summary, RAN3 is asking the following:
(1) UE location report before or after the AS security?
(2) Based on the UE location report, will network be able to identify the country UE is in?
For the first question, we would prefer to report the UE location after AS security is activated. Reporting the location before AS security is possible from RAN2’s perspective, e.g. reporting via the RRCSetupComplete message but whether such information can be considered to be reliable should be confirmed by SA3.
Proposal 4: RAN2 prefer to acquire UE location information with an accuracy comparable to TN cell granularity after AS security is activated.
Proposal 5: Acquiring the UE location with an accuracy comparable to TN cell granularity before AS security is possible from RAN2’s perspective but the reliability of such information should be confirmed by SA3.
For the second question, we understand it depends on the solutions. The following options have also been mentioned last meeting during [Offline 108] UE location aspects [6].
· Option 1: gNB report Earth-Fixed Virtual Cells: 
gNB determines the ID of the Earth-fixed cell (e.g., a “virtual cell”) based on the position and possibly other quantities (e.g., such as time, speed and/or direction of travel if available) reported by the UE.
· The UE can report its position (and possibly other quantities such as time and velocity) to the gNB, and, the gNB can determine the ID of the virtual cell. The gNB can then convey such ID to the AMF via NGAP signaling.
· Option 1a: Earth-Fixed Hierarchical Regions:
Define a hierarchical region layout to enable the gNB and/or the UE to efficiently (i) determine IDs of the virtual cells and regions and (ii) detect country border and PLMN set crossing.
· Option 2: gNB finalizes CGI mapping by using V2X-like zone ID provided by UE.
· Option 3: UE report the CGI of detected TN cell as assistance information.
· Option 4: gNB finalizes CGI mapping by retrieving the UE’s location info directly from UE.
Option 3 and 4 are preferred from our perspective as there is no additional mapping and processing at UE side to generate the location info or assistance info to report. 
For option 3, UE will acquire the system information from the detected TN cell and report the corresponding CGI to the serving NTN cell. The PLMN ID in the CGI of a TN cell can be used to identify the country. 
The following ASN.1 is used to report UE location with 3m accuracy.
-- ASN1START
Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}
-- ASN1STOP
For option 4, to report UE location with ~2km accuracy, the following ASN.1 would be sufficient, offering 1.95km accuracy, which is also sufficient to identify the country UE is in.
-- ASN1START
Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8191),			-- 13 bit field
	degreesLongitude			INTEGER (-8192..8191)		-- 14 bit field
}
-- ASN1STOP
Proposal 6: To ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more, UE can either report the CGI of detected TN cell as assistance information or report the location information directly using the following ASN.1.
-- ASN1START
Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8191),			-- 13 bit field
	degreesLongitude			INTEGER (-8192..8191)		-- 14 bit field
}
-- ASN1STOP
Proposal 7: Respond to RAN3 that with the assistance information or location information in proposal 6, gNB is able to know when the UE moves across the country border, in case the serving NTN cell serves more than one country.
SA3 has also replied to our earlier LS [7] checking the reliability of the A-GNSS with some questions to clarify the usage and purpose of sending the A-GNSS based measurements
-	What is the purpose of sending A-GNSS based measurements after AS security has been established? Is it for core network reselection after initial core network selection?
-	Are the A-GNSS based measurements used by the applied UE positioning method during LCS procedure or used in a different procedure?
We understand the A-GNSS based UE location information is mainly used to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more as we agreed last meeting, which is also reflected in the new LS [5] we sent to RAN3, SA2, SA3, SA3-LI, CT1. If that is not clear enough, we can clarify again.
Proposal 8: Respond to SA3 that the A-GNSS based UE location information is mainly used to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.
3. Conclusion and proposals
With the above analysis, we have the following conclusions and proposals:
· TAC selection from the broadcast multiple TACs
Proposal 1: When more than one TACs are provided from AS layer to NAS, NAS should select one from them based on UE’s location and decide whether to trigger TAU based on the selected TAC.
· TAC in ULI
Proposal 2: RAN2 understand the TAC selected based on UE location should be reported to CN in ULI..
Proposal 3: NAS layer should inform AS layer the selected TAC, which will then be reported to the network to be included in the ULI.
· UE location report
Proposal 4: RAN2 prefer to acquire UE location information with an accuracy comparable to TN cell granularity after AS security is activated.
Proposal 5: Acquiring the UE location with an accuracy comparable to TN cell granularity before AS security is possible from RAN2’s perspective but the reliability of such information should be confirmed by SA3.
Proposal 6: To ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more, UE can either report the CGI of detected TN cell as assistance information or report the location information directly using the following ASN.1.
-- ASN1START
Ellipsoid-Point ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8191),			-- 13 bit field
	degreesLongitude			INTEGER (-8192..8191)		-- 14 bit field
}
-- ASN1STOP
Proposal 7: Respond to RAN3 that with the assistance information or location information in proposal 6, gNB is able to know when the UE moves across the country border, in case the serving NTN cell serves more than one country.
Proposal 8: Respond to SA3 that the A-GNSS based UE location information is mainly used to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.
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1. Overall Description:
For option 2: AS indicates all received TAC(s) for one PLMN to NAS layer, CT1 has confirmed the feasibility and will select one from the received TACs and decide whether to trigger registration update and asked RAN2 what to consider for TAI selection.
Since the TAC is fixed on earth and refers to certain geographical area and UE with GNSS capability is assumed in NTN, RAN2 understand the UE location can be considered to select a TAI associated with a geographical area UE is in.

[bookmark: _GoBack]2. Actions:
RAN2 kindly asks CT1 and SA2 takes the above RAN2’s understanding for TAI selection into account.

3. Date of Next TSG-RAN WG2 Meetings:
RAN2#116           2021-11-01	2021-11-12	Online Meeting
RAN2#117           2022-02-21	2021-02-25	Online Meeting
Annex B: Draft Reply LS on UE location aspects in NTN
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Source:	ZTE [to be RAN2]
To:	RAN3
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1. Overall Description:
Regarding the questions posed in the LS:
· 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 prefer to acquire UE location information with an accuracy comparable to TN cell granularity after AS security. Acquiring the UE location with an accuracy comparable to TN cell granularity before AS security is possible from RAN2’s perspective but the reliability of such information should be confirmed by SA3.
In addition to the above, RAN3 would like to draw RAN2’s attention to the scenario in which a RRC_CONNECTED UE moves across a country border but remains in the same NTN cell. To enable triggering of the N2-based Handover to change the AMF, RAN3 agreed that the gNB is expected to know from the UE, when the UE moves across the country border (to some reasonable level of precision), in case the serving NTN cell serves more than one country. This is linked to a requirement in TS 23.502. RAN3 assumes that this scenario may be covered by functionality needed for CGI mapping.
· 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: To ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more, UE can either report the CGI of detected TN cell as assistance information or report the location information directly to the gNB. With such assistance information or the location information, gNB is able to know when the UE moves across the country border, in case the serving NTN cell serves more than one country.
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).
RAN2 Answer: When more than one TACs are provided from UE AS layer to NAS layer, UE NAS layer should select one from them based on UE’s location and decide whether to trigger TAU based on the selected TAC. The TAC selected based on UE location should be reported to CN in ULI. UE NAS layer should inform AS layer the selected TAC, which will then be reported to the network to be included in the ULI.

2. Actions:
RAN2 kindly asks RAN3, CT1, SA2 and SA3 takes the above RAN2’s understanding for UE location report into account.

3. Date of Next TSG-RAN WG2 Meetings:
RAN2#116           2021-11-01	2021-11-12	Online Meeting
RAN2#117           2022-02-21	2021-02-25	Online Meeting
Annex B: Draft Reply LS on UE location aspects in NTN
Title:	[Draft] Reply LS on UE location aspects in NTN
Release:	Rel-17
Response to:	Reply LS on UE location aspects in NTN (R2-2102055/S3-211387)
Work Item:	NR_NTN_solutions-Core

Source:	ZTE [to be RAN2]
To:	SA3
Contact Person:
Name:				Yuan Gao
E-mail Address:		gao.yuan66@zte.com.cn


1. Overall Description:
Regarding the questions posed in the LS:
· What is the purpose of sending A-GNSS based measurements after AS security has been established? Is it for core network reselection after initial core network selection?
· Are the A-GNSS based measurements used by the applied UE positioning method during LCS procedure or used in a different procedure?
RAN2 Answer: As mentioned in the new LS on UE location aspects (R2-2106543) that the A-GNSS based UE location information is mainly used to ensure that the CGI constructed by NG-RAN can correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more.

2. Actions:
RAN2 kindly asks SA3 to take the above RAN2 feedback into account.

3. Date of Next TSG-RAN WG2 Meetings:
RAN2#116           2021-11-01	2021-11-12	Online Meeting
RAN2#117           2022-02-21	2021-02-25	Online Meeting
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