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1. Introduction 
RAN2 has received new LS reply from SA3-LI in [1]. This clarifies that the GNSS-based location reporting is not considered reliable by the network and granularity of geographical area of the UE physical location needs to be able to provide network location accuracy comparable with terrestrial networks. 
RAN2 has also sent an LS to RAN3 in [2] informing the following agreement.
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 asked following questions to RAN2 in LS [3]
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).
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 this document, we provide details addressing those questions from RAN3 LS.
2. Discussion 
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.
From RAN2 perspective, both UE location reports before and after AS security are possible and feasible. Therefore, for NG-RAN, two types of UE location information may need to be reported by the UEs.
#1: Coarse UE location for NG-RAN
It is possible for UEs to report some level of location information in Msg5 which can address the concern raised by RAN3 on how to construct CGI and select the correct CN during initial access. RAN2 has asked following question to SA3/SA3-LI in [2].
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.
However, it is not necessary to wait for answer to continue work on solution in RAN2. In case, the answer is “yes, there is privacy concern”, the solution can be revisited.
On the assumption that there will be no privacy concern as in terrestrial network, following options can be considered for this purpose.
Option#1: UE reports some measurement reports such as strongest neighbour cell ID or strongest terrestrial cell ID
Option#2: UE maps its GNSS-based geo-location coordinates to virtual cell ID or v2x-like zone ID.
Option#3: UE directly reports the truncated version of GNSS-based geo-location coordinates (no additional mapping steps)

In option#1, the UE may perform neighbour cell measurements before initiating random access or before sending Msg4 and include the strongest neighbour cell information in Msg5. This information then can be used by the NG-RAN together with other information such as TA report to estimate rough area where the UE can be.
In addition, if UE finds the terrestrial network cell, the CGI of the TN cell provides the UE location in TN cell granularity. However, it is not guaranteed that this solution works as UE may not find any neighbour cell in some places or region.
In option#2: The UE maps its current geo-location to virtual cell ID or zone ID. This virtual cell ID or zone ID is reported in Msg5. However, the network has to configure UE with the mapping function on how to determine the virtual cell ID or zone ID. This will add additional complexity, and overhead in system information.
Without having any such complexity, the option#3 provides the simple solution where UE just sends X MSB bits of its current GNSS coordinates with uncertainty of more than 2km. The table 1 shows example where option#2 (reporting virtual cell ID/zone ID) requires UE to report 22 bits of information and option#3 (reporting truncated GNSS coordinates) requires UE to report around 26 bits.
Table 1 Comparison on coarse UE location reporting options
	Option#1
	Option#2
	Option#3

	Reporting neighbour cell information
	V2x like zone ID reporting (say 22 bits total)
For 3000k radius cell with granularity of 2km zone size, # of unique zones needed = 2250000
	Truncated GNSS coordinate (say 26 bits total)
- 13 bit MSB out of 24 bit longitude
- 13 bit MSB out of 24 bit latitude

	· During initial access, this solution may not work as UE may not find any neighbour cell.
	· Complexity in loading zone ID configuration and maintaining it. 
· Signalling overhead in SIB.
· Uncertainty ~ 2km

	· No additional signalling overhead.
· Readily available GNSS coordinates. No additional processing.
· Uncertainty ~ 2 to 3 km
· Based on network’s need on uncertainty depending on where the cell coverage is (e.g., border or desert or ocean), value of X MSB bits can be configured.



The signalling overhead on reporting the location information in both option#2 and #3 is almost same and option#3 is very simple as shown in Table 1. This information can be reported in Msg5 as there may not be space in Msg3. However, it is to note that network may configure UE via system information how many bits of MSB of the GNSS coordinates to report.
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Finer UE location for NG-RAN
Currently RAN does not operate as an LCS client and has no LMF functionality. Therefore, existing the LCS framework is not useful for RAN to determine a UE location. After AS security has been enabled, there is no need for the UE to report the truncated GNSS coordinates (i.e., can report all GNSS coordinates using existing signalling). The NG-RAN can use a more granular UE location information for other various purposes like handling mobility, scheduling, and measurement configuration.

One option is that the UE can directly report the GNSS location information in RRC message as per network configuration. As part of SON/MDT, such UE location reporting configuration is already possible and same mechanism can be re-used in NTN, i.e., includeCommonLocationInfo can be configured in the corresponding reportConfig for a measurement object. NG-RAN can be allowed to configure UE location reporting considering subscription-based user consent.   
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It is to note that RAN2 has agreed following two aspects.
(1) Timing advance MAC CE is used to update timing advance in Msg5.
(2) Location-based CHO

These two important enhancements are keys to address the above RAN3 question. First, the timing advance update can provide a rough estimation how the UE’s propagation delay changes from its last known location. It is agreed only during initial access and still FFS for RRC_CONNECTED. If timing advance can be updated in RRC_CONNECTED, this can be used as indication of UE’s mobility from the last known position.

Second, location-based CHO is designed to select a new candidate cell if UE becomes farther from the configured reference location. Followings are the agreements.

· Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
· The reference location for the event description is defined as cell center.

It is also agreed in RAN2#112e meeting that location-based measurement event is supported. The details are FFS but it can be similar to what is done for location-based CHO (i.e., trigger measurement report when distance between UE to reference location is greater than a threshold). However, for the purpose of updating location change, a new trigger for measurement report based on the change in distance by a threshold since the last measurement report can be defined.

Therefore, if UE moves and crosses the country border, it can trigger the measurement report which can include UE’s current location information. In addition, periodic measurement report as existing procedure in NR can be configured to make sure the UE does not stay in a new location for a longer duration undetected. For this purpose, the signalling enhancement to configure location-based measurement and periodic measurement together can be considered. This can be sufficient for gNB to decide if it wants to trigger inter-AFM handover.
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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).  
It is to note that RAN2 has received LS reply from CT1 in [4] that option#2 (AS indicates all received TAC(s) for one PLMN to NAS layer) is feasible, then it is in CT1 scope to determine how to handle the multiple TACs.

In case of gNB, it will be up to the network how to select TAC based on UE’s location information as the gNB will have some level of UE’s location information during initial access and RRC_CONNECTED as described above. 

Therefore, RAN2 can send reply LS to RAN3 that the gNB will have some level of UE location information during initial access and RRC_CONNECTED. How and whether the UE location information is used to address the issues is up to other working groups.
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3. Conclusion
Following proposals are made.
Proposal 1	Truncated GNSS coordinate (i.e., X MSB bits out of Y bits of longitude/latitude) is reported as coarse location information with 2km or more radius accuracy before AS security is established, e.g. during initial access.
Proposal 2	The coarse location information is reported in Msg5.
Proposal 3	NG-RAN can obtain a GNSS location from the UE after AS security is established using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig.
Proposal 4	Periodic measurement reporting and location-based measurement event are sufficient to update gNB on location of mobile UEs in RRC_CONNECTED.
Proposal 5	Send reply LS to RAN3 answering the question related to UE location reporting. Draft LS is provided in [5].
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