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1	Introduction
There was an LS from RAN2 to SA2 on UE location aspects in NTN [1] after RAN2 #113-e meeting. And there is a reply LS from SA3-LI(R2-2102679_ S3i210282) [2] at #113bis-e meeting. SA2 also reply this LS in S2-2103550 [3]. 
UE’s location info is important for NG-RAN and Corenetwork in network rigistation procedure and other procedures in NTN. But there is still security issue on accurate UE’s location from SA3/SA3LI perspective.
This document will analyze the reply LSs from SA3-LI and SA2 on UE location aspects in NTN and figure out the open issues and/or contradictory on UE location in the reply LSs and way forward.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Discussion
2.1	UE’s location reliable for network selection purposes
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]SA3LI makes it clear that the UE-generated location information is unlikely to be considered reliable for network selection purposes in the reply LS.
· Question 2: RAN2 would like to ask SA3 and SA3-LI to confirm whether A-GNSS based UE location information, i.e. computed at network using A-GNSS based measurements provided by UE, or computed by UE, can be considered reliable e.g. for lawful interception.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK7][bookmark: OLE_LINK8]SA3LI notes that any method which relies solely on UE-generated location information is unlikely to be considered reliable for network selection purposes. Therefore, a method such as GNSS/A-GNSS cannot be considered as reliable or trusted unless the information provided by the UE can be verified by the network. In the event that the available location information is insufficient for the AMF to determine the UE location with comparable accuracy and reliability to terrestrial networks, SA3LI considers that invocation of LCS procedures via the LMF may be necessary to fulfil regulatory obligation.

It seems that any solution if only UE-generated location information for network selection purposes is not trusted unless it is verified by network.
So these candidate solutions based on the UE-generated location for network selection purposes seems not feasible, such as:
· UE report its draft location info or TA to gNB, so the CGI corresponding to a fixed geographical area whose size shall be comparable with a cell for TN works for network selection purposes.
Observation 1: any solution based on UE-generated location information for network selection purposes without verification by network is not trusted according to SA3LI.
But we still face the issue how to support network selection in NTN yet. For NR access in Rel-16, gNB includes CGI and UE location information, if available. How to ensure that the UE is using a correct core network of the country in which the UE is physically located should be faced by netwrok in Rel-17 NTN.
Observation 2: Open issue 1: How to ensure that the UE is using a correct core network of the country in which the UE is physically located should be faced by netwrok in Rel-17 NTN. 
Proposal 1: RAN2 to discuss if there is open issue in RAN2: how to ensure that the UE is using a correct core network of the country in which the UE is physically located should be faced by netwrok in Rel-17 NTN.
In order to assist the UE to register to a PLMN in the country where UE is located, one CR in TS 23.502 clarifies what AMF should take actions during the initial registration[4].
4.2.2.2.2	  General Registration
      For NR satellite access, if the AMF can determine based on the Selected PLMN ID and ULI (including Cell ID) received from the gNB that the UE is attempting to register to a PLMN that is not allowed to operate at the present UE location, then the AMF should reject the Registration Request indicating a suitable Cause value and, if known in AMF, the country of the UE location. Otherwise, e.g. if the AMF is not aware of the UE location with sufficient accuracy to make a final decision, the AMF proceeds with the Registration procedure and may initiate UE location procedure as specified in TS 23.273 [51], clause 6.10.1 and be prepared to deregister the UE if the information received from LMF proves that the UE is registered to a PLMN that is not allowed to operate in the UE location.
NOTE 4:	The location information cannot be guaranteed to be sufficiently accurate for the AMF to determine in all cases the country where UE is located.
NOTE 5:	Some countries use multiple MCCs and some MCCs, such as 901, can be allowed in multiple countries and therefore the UE can register in a PLMN with MCC different from the one returned to the UE.
	Upon receiving a Registration Reject with the country in which the UE is located, the UE shall attempt to register to a PLMN that is allowed to operate at the UE location as specified in TS 23.122 [22].
This CR 2482 [4] gives the solution that the AMF may initiate UE location procedure as specified in TS 23.273 after finish the registration procedure in order to get the sufficient accuracy of UE location from LMF which is aligned with the reply LS from SA3LI as below:
· Question 2: RAN2 would like to ask SA3 and SA3-LI to confirm whether A-GNSS based UE location information, i.e. computed at network using A-GNSS based measurements provided by UE, or computed by UE, can be considered reliable e.g. for lawful interception.
SA3LI notes that any method which relies solely on UE-generated location information is unlikely to be considered reliable for network selection purposes. Therefore, a method such as GNSS/A-GNSS cannot be considered as reliable or trusted unless the information provided by the UE can be verified by the network. In the event that the available location information is insufficient for the AMF to determine the UE location with comparable accuracy and reliability to terrestrial networks, SA3LI considers that invocation of LCS procedures via the LMF may be necessary to fulfil regulatory obligation.

The existing LCS procedure in RAN2 supports AMF to retrieve the sufficient accuracy of UE, e.g. A-GNSS positioning method after the the registration procedure, following from the step 1b to 5b in TS 38.305 (Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN)[5].


Figure 5.2-1: Location Service Support by NG-RAN


Figure 5.1-1: UE Positioning Overall Architecture applicable to NG-RAN
So the existing LCS procedure and positioning method in TS 38.305 is able to support the requirement on UE’s location for network selection purposes in NTN in Rel-17 if AMF retreieve the UE’s location from LMF after the secrutity between UE and CN NAS is finished. LMF is able to verify UE’s location by calculating the UE’s location according to the measurement report from UE.
–	ProvideLocationInformation
The ProvideLocationInformation message body in a LPP message is used by the target device to provide positioning measurements or position estimates which can be verified by the location server (LMF).
ProvideLocationInformation-r9-IEs ::= SEQUENCE {
	commonIEsProvideLocationInformation
										CommonIEsProvideLocationInformation	OPTIONAL,
	a-gnss-ProvideLocationInformation	A-GNSS-ProvideLocationInformation	OPTIONAL,

-- ASN1START

CommonIEsProvideLocationInformation ::= SEQUENCE {
	locationEstimate			LocationCoordinates		OPTIONAL,
	velocityEstimate			Velocity				OPTIONAL,
	locationError				LocationError			OPTIONAL,
	...,
[bookmark: _Toc27765312][bookmark: _Toc37681010][bookmark: _Toc46486582]
–	A-GNSS-ProvideLocationInformation
The IE A-GNSS-ProvideLocationInformation is used by the target device to provide location measurements (e.g., pseudo‑ranges, location estimate, velocity) to the location server, together with time information. It may also be used to provide GNSS positioning specific error reason.
-- ASN1START

A-GNSS-ProvideLocationInformation ::= SEQUENCE {
	gnss-SignalMeasurementInformation	GNSS-SignalMeasurementInformation		OPTIONAL,
	gnss-LocationInformation			GNSS-LocationInformation				OPTIONAL,
	gnss-Error							A-GNSS-Error							OPTIONAL,
	...
}

-- ASN1STOP
Observation 3: It is feasible that network(LMF) is able to verify UE’s location by UE’s report of GNSS-SignalMeasurementInformation via existing LPP protocol. 
Proposal 2: AMF may initiate UE location procedure as specified in TS 23.273 to get the sufficient accuracy of UE location from LMF after finishing the registration procedure in NTN Rel-17 as SA3LI reply LS specified.
2.2	UE’s location reliable in CONNECTED state
SA2 also discussed RAN2 LS and reply it [3]. SA2 requires a CGI with sufficient accuracy to support services provided in 5GC such as support of emergency services calls. However if the required accuracy of a CGI in NG-RAN is based on UE-generated location information, the location info is not trusted according to SA3LI.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]SA2 notes that the accuracy of a CGI may either need to align with the accuracy of a CGI for TN in certain regions such as where an emergency services call needs to be routed to a specific PSAP associated with the current location of a UE, (i.e. the CGI constructed by the NTN based NG-RAN should correspond to a fixed geographical area whose size shall be comparable with a cell for TN), or, the core network may initiate UE location procedure after registration in some cases, e.g. emergency call procedures, which may be used when an N2 provided ULI is considered insufficient, as is currently described e.g. in the Registration procedure in TS 23.502.
SA2 further notes that it is necessary to provide an accurate CGI to 5GC after a UE has entered CONNECTED state.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]There is contradictory on UE location in the reply LSs from SA2 and SA3-LI. SA2 notes NG-RAN to provide an accurate CGI to 5GC after a UE has entered CONNECTED state, but SA3LI notes that the UE-generated location information is unlikely to be considered reliable. Because NR-RAN has no any idea about UE’s accurate location info (except the CGI) unless UE sends its location info directly to NG-RAN.
Observation 4: Open issue 2: The requirement from SA2 on NG-RAN providing an accurate CGI to 5GC after UE has entered CONNECTED state is not feasible in NG-RAN because the UE’s geographical area info reported from UE should be verified by network at first according to the reply LS SA3-LI.
[bookmark: _GoBack]The desired granularity of accuracy of the requested location information is defined in TS 29.122 [8], table 5.3.2.4.7-1.
Table 5.3.2.4.7-1: Enumeration Accuracy
	Enumeration value
	Description

	CGI_ECGI
	The SCS/AS requests to be notified at cell level location accuracy.

	ENODEB
	The SCS/AS requests to be notified at eNodeB level location accuracy.

	TA_RA
	The SCS/AS requests to be notified at TA/RA level location accuracy.

	PLMN
	The SCS/AS requests to be notified at PLMN level location accuracy.

	TWAN_ID
	The SCS/AS requests to be notified at TWAN identifier level location accuracy.

	GEO_AREA
	The SCS/AS requests to be notified of the geographical area accuracy.



Proposal 3: RAN2 to discuss if there is open issue 2: The requirement from SA2 on NG-RAN providing an accurate CGI to 5GC after UE has entered CONNECTED state is not feasible in NG-RAN because the UE’s geographical area info reported from UE should be verified by network at first according to the reply LS SA3-LI.
According to SA3LI reply LS, only network (LMF) can provide verified UE location. So if AMF wants any UE’s location info for an emergency services call in CONNECTED mode, the best way is invocation of LCS procedures via the LMF.
Proposal 4: If AMF wants any UE’s location info for an emergency services call in CONNECTED mode, the best way is invocation of LCS procedures via LMF, instead of asking for the accurate CGI from NG-RAN.
There is securty issue in NR-RAN in TN that NG-RAN should not trieve UE’s accurate location info except of the CGI level in TN from UE unless the autorities for SON/MDT. NG-RAN should not retrieve UE’s accurate location info from LMF in TS38.305 either. However there are some candidate solutions based on that NG-RAN should retrieve the UE’s location info except of CGI in the reply LS SA2. So it is necessary to further check with SA3/SA3LI the security issue. Unfortunatelly the LS from RAN2 to SA3[1] is not treated yet in SA3.
Proposal 5: RAN2 to disccus if we send an LS to SA3/SA3LI to further check:
1. If NG-RAN is permitted to retrieve the UE’s location info from LMF which is verified by LMF and what the granularity is;
2. If NG-RAN is permitted to retrieve the UE’s location info directly from UE which is UE-negnerated location info, but not for network selection purpose, and what the granularity is. 
Proposal 5bis: RAN2 to disccus if we send an reply LS to SA2 on the accurate CGI requirement.
2.3	Positioning methods for NTN network
As SA3LI mentioned, invocation of LCS procedures via the LMF may be necessary to fulfil regulatory obligation. However not all positioning methods will be supported well in NTN. For example, the accurate of UE’s location in RAT-Dependent positioning methods deeply relies on the accurate location info of gNB. 
	Method
	UE-based
	UE-assisted, LMF-based
	Remarks

	A-GNSS
	Yes
	Yes
	RAT-independent

	OTDOA Note1, Note 2
	No
	Yes
	Legacy E-UTRA positioning method

	E-CID Note 4 
	No
	Yes
	Legacy E-UTRA positioning method

	Sensor
	Yes
	Yes
	RAT-independent

	WLAN
	Yes
	Yes
	RAT-independent

	Bluetooth
	No
	Yes
	RAT-independent

	TBS Note 5
	Yes
	Yes
	RAT-independent

	DL-TDOA
	Yes
	Yes
	Specified in Rel. 16 5G-NR

	DL-AoD
	Yes
	Yes
	Specified in Rel. 16 5G-NR

	Multi-RTT
	No
	Yes
	Specified in Rel. 16 5G-NR

	NR E-CID 
	No
	Yes
	Specified in Rel. 16 5G-NR

	UL-TDOA
	No
	No
	Specified in Rel. 16 5G-NR

	UL-AoA
	No
	No
	Specified in Rel. 16 5G-NR



Observation 5: A-GNSS method including UE-based and UE-assisted,LMF-based meets the LCS request in NTN because of the outdoor coverage.
However the RAT-Dependent methods in Rel-16 don’t work well in NTN network.
· Accuracy issue because of location info of gNB
UE’s location is calculated according to the geographicalCoordinates of TRP/satellite. Usually the geographical coordinates of TRPs/gNB are fixed in TN network, but the geographical coordinates of satellite are moving in NTN network. So there is a big challenge for RAT-Dependent positioning methods in NTN to get the same accurate UE’s location as in TN network.
· RSTD related positioning methods 
RSTD is the time difference of receiving two TRPs/satellites signals in this method. However the accuracy should be evaluated at first because the time difference in NTN is quite different from TN network. RAN1 should be involved to evaluate the accuracy in NTN.
· Multi-RTT positioning method
More than three visible TRPs/satellites are mandatory in this method. However the NTN network defined in Rel-17 doesn’t make it sure. RAN1 should be involved to evaluate the accuracy in NTN.
· Angles related positioning methods
Angles related methods won’t work well in NTN because of the antenna at satellites.

According to the analysis of RAT-Dependent and RA-independent positioning methods, we proposed only A-GNSS supports in NTN.
Proposal 6: RAN2 to discuss A-GNSS is the mandatory positioning method in NTN. And other RAT-Dependent positioning methods should be postponed in NTN Rel-17.
3	Conclusion
Based on the discussions in section 2, the following observations and proposals have been made on UE location aspects in NTN:
Observation 1: any solution based on UE-generated location information for network selection purposes without verification by network is not trusted according to SA3LI.
Observation 2: Open issue 1: How to ensure that the UE is using a correct core network of the country in which the UE is physically located should be faced by netwrok in Rel-17 NTN. 
Observation 3: It is feasible that network(LMF) is able to verify UE’s location by UE’s report of GNSS-SignalMeasurementInformation via existing LPP protocol. 
Proposal 1: RAN2 to discuss if there is open issue in RAN2: how to ensure that the UE is using a correct core network of the country in which the UE is physically located should be faced by netwrok in Rel-17 NTN.
Proposal 2: AMF may initiate UE location procedure as specified in TS 23.273 to get the sufficient accuracy of UE location from LMF after finishing the registration procedure in NTN Rel-17 as SA3LI reply LS specified.
Observation 4: Open issue 2: The requirement from SA2 on NG-RAN providing an accurate CGI to 5GC after UE has entered CONNECTED state is not feasible in NG-RAN because the UE’s geographical area info reported from UE should be verified by network at first according to the reply LS SA3-LI.
Proposal 3: RAN2 to discuss if there is open issue 2: The requirement from SA2 on NG-RAN providing an accurate CGI to 5GC after UE has entered CONNECTED state is not feasible in NG-RAN because the UE’s geographical area info reported from UE should be verified by network at first according to the reply LS SA3-LI.
Proposal 4: If AMF wants any UE’s location info for an emergency services call in CONNECTED mode, the best way is invocation of LCS procedures via LMF, instead of asking for the accurate CGI from NG-RAN.
Proposal 5: RAN2 to disccus if we send an LS to SA3/SA3LI to further check:
1. If NG-RAN is permitted to retrieve the UE’s location info from LMF which is verified by LMF and what the granularity is;
2. If NG-RAN is permitted to retrieve the UE’s location info directly from UE which is UE-negnerated location info, but not for network selection purpose, and what the granularity is. 
Proposal 5bis: RAN2 to disccus if we send an reply LS to SA2 on the accurate CGI requirement.
Observation 5: A-GNSS method including UE-based and UE-assisted, LMF-based meets the LCS request in NTN because of the outdoor coverage.
Proposal 6: RAN2 to discuss A-GNSS is the mandatory positioning method in NTN. And other RAT-Dependent positioning methods should be postponed in NTN Rel-17.
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