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1	Introduction
[bookmark: _GoBack]There was a discussion on UE location aspects and agreements in NTN during RAN2 #114-e meeting as below [1]. 
Agreements via email - from offline 108:
1. RAN2 will work on a solution to ensure that the CGI constructed by NG-RAN corresponds to a fixed geographical area with a size comparable with a cell for TN including connected mode and initial access.

Agreements online:
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)

Agreements via email (from offline 108 - second round)
1. 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.
2. Send an LS to RAN3, SA2, SA3 and SA3-LI to inform them of RAN2 decision and check whether it's consistent with their requirements

There are also two reply LSs on UE location aspects in NTN to RAN2 from SA3(S3-212306; contact: Huawei) [2] and RAN3(R3-212917; contact: Qualcomm) [3].
This document will discuss the Reply LSs impact or questions to RAN2 first, then discuss the solutions to ensure that the CGI constructed by NG-RAN corresponds to a fixed geographical area with a size comparable with a cell for TN with a radius of ~2km or more, including connected mode and initial access.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Discussion on LCS aspect 
2.1 Questions from SA3
There are two questions which focus on A-GNSS based measurements from SA3(S3-212306) for clarification: [2]
· 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?
So far there is no any agreement on the enhancement of LCS or positioning methods in NTN by RAN2. So we assume that the A-GNSS based measurements provided by UE should follow the existing protocols.
Observation 1: There is no agreement on enhamcement of useage of A-GNSS based measurements in NTN Rel-17.
There is only LPP procedure (for LCS) to support report A-GNSS based measurements from UE to LMF in existing protocols. The purpose of sending A-GNSS based measurements after AS security has been established is that LMF calculates the location of this UE (for LCS). The measurement is only for LMF but the location result from LMF depends on who requests the location info or where the LCS client is. So the A-GNSS based measurements is only used by the applied UE positioning method during LCS procedure, not in a different procedure.
Proposal 1: RAN2 to agree the answer to SA3: the A-GNSS based measurements is only used by the applied UE for positioning method during LCS procedure, not for other procedures.
2.2 Question on CGI from RAN3
The reply LS from RAN3 in R2-2106941(R3-212917) [3] mentioned the request on a constructed CGI at initial access, after AS security setup and in RRC_CONNECTED mode:
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.
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).
These questions seem a request on the UE’s location info at initial access and connected mode. RAN2 has agreed at 114-e meeting: 
Agreements via email (from offline 108 - second round)
1. 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.
2. Send an LS to RAN3, SA2, SA3 and SA3-LI to inform them of RAN2 decision and check whether it's consistent with their requirements
So we assume that RAN2 may give the positive an answer to Question 1 and 3 within the agreement in RAN2. Considering RAN2 already sent the LS on the agreement to RAN3, RAN2 won't reply the questions again at this meeting.
Proposal 2: RAN2 to agree not to send the answer to Question 1 and 3 again to RAN3 since the LS to RAN3(R2-2106543) [6] already answer these questions after 114-e meeting.
2.3 Discussion on the solution of mapping CGI
According to the discussion of questions from SA3 and RAN3 on CGI, NG-RAN is supposed to report the CGI to 5GC in NTN as in TN, including connected mode and initial mode according to the agreement. This reported CGI is also expected to correspond to a fixed geographical area with a size comparable with a cell for TN with a radius of ~2km or more. We will follow the three steps to figure out a solution to meet this requirement step by step:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]How to obtain UE’s location info in initial mode and connected mode by NG-RAN
· How to construct CGI to a fixed geographical area by NG-RAN
· What the UE’s location info is from UE side

2.3.1 How to obtain UE’s location info in initial access mode and connected mode by NG-RAN
Usually NG-RAN gets UE’s CGI naturally once UE setup the connection with NG-RAN in TN. However the indeed CGI of NTN cell covers a much larger coverage than TN cell which is not expected by 5GC. So NG-RAN needs to obtain UE’s location info before it reports the CGI in initial access mode and connected mode.
Observation 2:There is an open issue 1 on the solution of mapping CGI: How to obtainUE’s location info in initial mode and connected mode by NG-RAN. 
· Initial access mode
The Initial UE Message procedure is used when the NG-RAN node has received from the radio interface the first uplink NAS message to be forwarded to an AMF [4]. NG-RAN reports CGI to AMF by this procedure.


Figure 8.6.1.2-1: Initial UE message
Before NG-RAN reports UE’s CGI to 5GC, it should obtain UE’s location info during the initial access mode. Usually there are two ways to obtain UE’s location info by NG-RAN:
· Option 1: UE reports its location info directly during the initial access mode;
· Option 2: NG-RAN send the request and UE responds its location info;
It seems that it is more efficient if UE reports its location info directly in option 1, compared with that required by NG-RAN in option 2 in initial mode. The best way to report UE’s location info to NG-RAN for CGI is via 2a RRCSetupComplete or step 5 RRCResumeComplete after UE turns to RRC_CONNECTED mode in Figure A.
[image: C:\Users\LIJIAN~1\AppData\Local\Temp\1627973664(1).png] [image: C:\Users\LIJIAN~1\AppData\Local\Temp\1627974439(1).png]
Figure A: UE transition to RRC_CONNECTED
Proposal 3: RAN2 to agree that UE reports its location info directly in the initial access mode, i.e. via RRCSetupComplete message and or RRCResumeComplete to NR-RAN.
· Connected mode
After UE transits into RRC_CONNECTED mode, NG-RAN still needs to obtain UE’s location from UE to report the expected CGI to 5GC, if required by 5GC from time to time. For example, NG-RAN reports to AMF the User Location Information IE and the RRC State IE in the UE CONTEXT MODIFICATION RESPONSE message. [4]


Figure 8.3.4.2-1: UE context modification: successful operation
NG-RAN needs to obtain UE’s location info but it is impossible to obtain UE’s location info all along during the RRC_CONNECTED mode. Considering the request from 5GC may be periodical or event triggered, there are three ways for NG-RAN to obtain the UE’s info.
· Option 1: NG-RAN sends the request and UE responds its location info;
· [bookmark: OLE_LINK9]Option 2: NG-RAN obtain UE’s location info periodically;
· Option 3: NG-RAN obtain UE’s location info triggered by event;

It seems that option 1 is the baseline of obtaining UE’s location info once NR-RAN is required to report user location info from 5GC.
Proposal 4: RAN2 to agree that UE responds its location info per NG-RAN’s request in RRC_CONNECTED mode.
However, there may be large latency and low efficiency with option 1 when 5GC requires user’s location info periodically or when UE’s location info changes frequently. So option 2 and option 3 work better in some scenarios.
NG-RAN may configure the location info report to UE via RRCReconfiguration message, indicating the report trigger conditions. So UE can report its location info via MeasurementReport message to NG-RAN, following the existing procedures.
Proposal 5: RAN2 to agree that NG-RAN may obtain UE’s location info periodically or event triggered in RRC_CONNECTED mode.
2.3.2 How to correspond to a fixed geographical area by NG-RAN
NG-RAN should correspond to a fixed geographical area comparable with a TN cell with a radius of ~2km or more which is agreed last meeting. NG-RAN or UE and 5GC should follow the same rules so CGI may be understood well by 5GC what the mapping CGI means geographically.
Observation 3: Open issue 2: How to correspond to a fixed geographical area by NG-RAN, including mapping rules and granularity. 
The mapping rules can be flexibile with kinds of deployment strategies by different operators all over the world. So it is natural that the geographical CGI mapping rules are controlled by operators themselves.
There was a discussion on CGI constructed but no agreement on the mapping rules in the [Offline 108] discussion at RAN2 #114-e meeting [5].
Proposal 2: The possible mechanism can be options for further discussion, if there is the need to ensure (for both the earth-fixed and earth-moving cell cases) that the CGI constructed by NG-RAN corresponds to a fixed geographical area with a size comparable with a cell for TN:
· 	gNB finalizes CGI mapping by retrieving the UE’s coarse location info directly from UE 
· 	gNB reports Earth-Fixed Virtual Cells
· 	Earth-Fixed Hierarchical Regions
· 	gNB finalizes CGI mapping by using V2X-like zone ID provided by UE
· 	UE report the CGI of detected TN cell as assistance information
· 	Earth fixed cell IDs (a group of TN cells) as virtual cell IDs
These candidate solutions can be summarized that there are two ways to manage the geographical CGI mapping rules in operators:
· Option 1: Network is responsible for mapping CGI, e.g. both NG-RAN and 5GC are configured the geographical mapping rules by OAM.
· Option 2: UE is responsible for mapping CGI, e.g. the configured geographical mapping rules are sent to UE directly.
The benefit of option1 is that the mapping rules can be controlled by operators flexibly. Option 1 also saves resources because the mapping rules won’t be sent to UE on air.
Proposal 6: RAN2 to discuss the options to support geographical mapping CGI:
· Option 1: Network is responsible for mapping CGI, e.g. the geographical mapping rules are configured to NG-RAN and 5GC by OAM.
· Option 2: UE is responsible for mapping CGI, e.g. the configured geographical mapping rules are sent to UE directly.
We can find majority companies support that network is responsible for mapping rules during the email discussion [Offline 108] [5].
Proposal 7: RAN2 to agree Network is responsible for mapping CGI, e.g. mapping rules are configured by OAM to NG-RAN and 5GC.
RAN2 defines the granularity of UE location info with radius of ~2km or more by email discussion. So if UE or network is resposnbile for mapping CGI is finalized, how to config the granularity to UE can be discussed. There are two ways to configure the granularity accordingly.
· Option 1: NG-RAN may broadcast the granularity of UE location via SI information to all UEs.
· Option 2: NG-RAN may also configure the granularity of UE location in RRC_CONNECTED mode following the procedures in proposal 2 and proposal 3.
Proposal 8: RAN2 to discuss the options to support granularity configuration from NG-RAN:
· Option 1: NG-RAN may broadcast the granularity of UE location via SI information to all UEs.
· Option 2: NG-RAN may also configure the granularity of UE location in RRC_CONNECTED mode following the procedures in proposal 2 and proposal 3.
2.3.3 What the UE’s location info is from UE side
UE’s location info from UE to NG-RAN should be further discussed, since there are different understandings on UE’s location info and there is no agreement according to the [Offline 108] discussion at RAN2 #114-e meeting [5]. 
Observation 4: Open issue 3: What the UE’s location info is from UE side. 
There are different understandings on the UE’s location info, such as the geographical location info, or earth fixed cell IDs as below:
· 	gNB finalizes CGI mapping by retrieving the UE’s coarse location info directly from UE 
· 	gNB reports Earth-Fixed Virtual Cells
· 	Earth-Fixed Hierarchical Regions
· 	gNB finalizes CGI mapping by using V2X-like zone ID provided by UE
· 	UE report the CGI of detected TN cell as assistance information
· 	Earth fixed cell IDs (a group of TN cells) as virtual cell IDs
According to the email discussion last meeting, a majority company supports the option that gNB finalizes CGI mapping by retrieving the UE’s coarse location info directly from UE.
Proposal 9: RAN2 to discuss what the UE’s location info is and agree that UE’s location info is coarse geographical location info.
3	Discussion on TAC aspect
RAN2 sent an LS on multiple TACs per PLMN (R2-2104377) to CT1 and get the reply LS from CT1 (R2-2106904).
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.
[bookmark: _Hlk73027775]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.
[bookmark: _Hlk73028052]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.
The question on how to select TAI looks an implementation issue in CT1. Any TAC in the reported list can be the TAI from RAN2’s perspective because UE is in the coverage of these TACs. A smart CN can reduce the TAU by selecting correct TAI in the list for this UE. So the TAI selection seems out of scope of RAN2 and an implementation issue in CT1.
Proposal 10: RAN2 to discuss if the TAI selection is in/out of RAN2’s scope and to agree that TAI selection can be the implementation issue in CT1.
RAN3 also mentioned issues on TAC in their reply LS (R2-2106941) and asks RAN2 to provide any feedback which TAC should be reported by the gNB in case of multiple broadcast TAC.
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.
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 has preference for option 2 because majority of companies think option 1 has larger RAN2 impact, as AS layer has to select one TAC from the broadcast ones to report to NAS layer in our LS to CT1 [8]:
- 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.
The issue which TAC should be reported by the gNB in case of multiple broadcasted TAC may follow the same mechanism in RAN2, i.e. option 2, in order to avoid further impact to gNB and RAN2.
 Proposal 11: RAN2 recommends reporting all TAC(s) by the gNB in the reply LS to RAN3 on Question 4.
4	Conclusion
Based on the discussions in section 2 on LCS aspect, the following observations and proposals have been made on LCS aspect in NTN:
- LSs from SA3 and RAN3:
Observation 1: There is no agreement on enhamcement of useage of A-GNSS based measurements in NTN Rel-17.
Proposal 1: RAN2 to agree the answer to SA3: the A-GNSS based measurements is only used by the applied UE for positioning method during LCS procedure, not for other procedures.
Proposal 2: RAN2 to agree not to send the answer to Question 1 and 3 again to RAN3 since the LS to RAN3(R2-2106543) [6] already answer these questions after 114-e meeting.
- On the solution of mapping CGI
Observation 2: There is an open issue 1 on the solution of mapping CGI: How to obtainUE’s location info in initial mode and connected mode by NG-RAN. 
Proposal 3: RAN2 to agree that UE reports its location info directly in the initial access mode, i.e. via RRCSetupComplete message and or RRCResumeComplete to NR-RAN.
Proposal 4: RAN2 to agree that UE responds its location info per NG-RAN’s request in RRC_CONNECTED mode.
Proposal 5: RAN2 to agree that NG-RAN may obtain UE’s location info periodically or event triggered in RRC_CONNECTED mode.
Observation 3: Open issue 2: How to correspond to a fixed geographical area by NG-RAN, including mapping rules and granularity. 
Proposal 6: RAN2 to discuss the options to support geographical mapping CGI:
· Option 1: Network is responsible for mapping CGI, e.g. the geographical mapping rules are configured to NG-RAN and 5GC by OAM.
· Option 2: UE is responsible for mapping CGI, e.g. the configured geographical mapping rules are sent to UE directly.
Proposal 7: RAN2 to agree Network is responsible for mapping CGI, e.g. mapping rules are configured by OAM to NG-RAN and 5GC.
Proposal 8: RAN2 to discuss the options to support granularity configuration from NG-RAN:
· Option 1: NG-RAN may broadcast the granularity of UE location via SI information to all UEs.
· Option 2: NG-RAN may also configure the granularity of UE location in RRC_CONNECTED mode following the procedures in proposal 2 and proposal 3.
Observation 4: Open issue 3: What the UE’s location info is from UE side. 
Proposal 9: RAN2 to discuss what the UE’s location info is and agree that UE’s location info is coarse geographical location info.
Based on the discussions in section 3 on TAC aspect, the following observations and proposals have been made on TAC aspect in NTN:
Proposal 10: RAN2 to discuss if the TAI selection is in/out of RAN2’s scope and to agree that TAI selection can be the implementation issue in CT1.
Proposal 11: RAN2 recommends reporting all TAC(s) by the gNB in the reply LS to RAN3 on Question 4.
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