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1 Introduction
[bookmark: _Toc474247438]This contribution discusses the potential required RAN3 enhancements to support UE location verification.
2 Discussion
Previous RAN3 meetings agreed following:
The verification is performed in the CN.
If the reported UE location is not correct, the CN will take necessary action and Rel-17 behavior can be kept as baseline. 
RAN3 wait for RAN1/2 progress on the specific position method to be used for verification.
RAN3 is not affected by UE location reporting
No additional RAN3 impact if UE location is not correct

In current Terrestrial Network, the location of TRP is fixed. In NTN, the TRP is on the satellite, and its location keeps changing in NGSO. This brings some issues:

· Issue #1: how can LMF know the location of the TRP/Satellite when a measurement is performed

Option 1: similar solution as Mobile IAB
The similar issue was discussed in Rel-18 mobile IAB that the UE may be positioned using the TRP associated with the mobile IAB (i.e. mobile TRP). The location of mobile TRP may be dynamic. In last meeting, RAN3 agreed the BL CR for TS38.455/TS38.473 to report the location of mobile TRP via the TRP Measurement Result IE, e.g. when the NG-RAN node report the measurement report. We believe this can also be reused for NTN. When the NTN gNB report the UE’s measurement, the NG-RAN can also report the location of the TRP/Satellite.

This option allows a common LMF to be developed for both mobile IAB and NTN, and does not require the LMF to know the satellite information. but is it possible that we can avoid NTN-specific enhancements to LMF? 

Option 2: LMF is configured with the satellite information
Ericsson/CATT R3-233311/R3-232799 propose:
For NTN, the LMF receives from the OAM the satellite related information (described in TS 38.300 [x]), as well as the association between the TRP(s) and the satellite(s).
Option 2 also help to solve the mirror point issue. By knowing the satellite ephemeris information, the LMF can know what direction the neighbors are placed on Earth (so the beam direction would need to be known). So we prefer Option 2.
Proposal 1: LMF is configured with the satellite information

· Issue #2: Altitude 

Huawei ([2]) discussed a potential issue for the Altitude IE. 
	Altitude
	M
	
	INTEGER
(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N £ a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).



We noticed that the maximal altitude provided by GAD is ~32 km (32,768 m) where some satellite are generally reach an orbital above e.g. 400 km to 2000 Km for (LEO), 8 000 to 20 000 for NGSO and 36 000 km for GEO. 
It seems then it is not possible for the LMF to get the correct Altitude of the TRP to provide positioning. We hence propose to correct this issue by introducing a NTN Access Point Position based on ECEF. The X, Y, Z are currently aligned with the RRC e.g. EphemerisInfo IE . The ANNEX proposes some draft CR to reflect the change in LPPa and NRPPa. 
We do not foreseen impact on F1 due to transparent payload usage in current release, but similar change could be implemented in F1 to align the specifications…. It is up to RAN3 to discuss and decide. 
In case Option 2 (LMF is configured with the satellite ephemeris information), this issue may be vanished. The LMF will not initiate the TRP Information Exchange procedure or other NRPPa procedure to retrieve the location of TRP/satellite. 

Proposal 2: discuss whether it is an issue for the Altitude IE, after the LMF is configured with the satellite ephemeris information.

· Issue #3: mirror-image issue
When multi-RTT position method is used for location verification, there is a mirror-image issue. 
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Figure 1: multi-RTT based positioning with single satellite

RAN#101 endorses that E-CID method could be further analyzed and enhanced in RAN3, if needed for NTN scenarios (NR-NTN and IoT-NTN). 

RAN2#121 reached following agreement:
Agreements:
1. In order to resolve the mirror point ambiguity issue, the network relies on the legacy signaling and procedure to configure NTN UE to measure and report neighbor cells or reference signals/beams. No spec changes to radio interface are needed from RAN2 perspective. Unclear if changes are needed to other interfaces, NRPPa protocol (RAN2 will no longer discuss this)

The LMF knows the satellite ephemeris, and the footprint of each satellite beam/Uu cell. The LMF can request the UE for which the location verification is performed to do RSRP measurements for certain neighboring cells. In Figure 2, the network verified location procedure is intended to prevent the UE to maliciously report itself being in the below part of the cell (e.g. mirror location B) although it being in the upper part (e.g. actual Location A), thus being allowed to access services not available in the country covered by the upper part of the cell. In order to detect this, neighbour cell measurements can be applied, as i.e. satellite beam 7 (SB7) would provide a higher RSRP than i.e. SB10, thus allowing the LMF to detect the actual side in which the UE is.
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Figure 2 UE placement (red triangle) with respect to a country border (blue line)
The UE measures the serving cell and neighbour cells. This still works in case UE measures neighboring cells. It may be a new requirement to UE, i.e. to measure particular neighbor cells. 
The UE provides the measurement result indicating the related cell (e.g. PCI, CGI, etc). By combining the received measurement result and the knowledge of satellite beam information, the LMF is able to differentiate the UE’s actual location and the mirror-location. 
One argument is the LMF may not know the PCI. But this may be not an issue. The LMF can initiate TRP Information Exchange procedure to request the NG-RAN node to provide detailed information for TRPs hosted by the NG-RAN node. The detailed information includes nr pci, ng-ran cgi, nr arfcn, prs config, ssb config, sfn init time, spatial direction info, geocoordinates, trp type, ondemand prs, trp tx teg, beam antenna info. 

TS38.305 defines following information that can be transferred from gNB to LMF: 
	Information 

	UL Angle of Arrival (azimuth and elevation)

	Cell Portion ID

	NR Measurement Results List:

	- SS Reference signal received power (SS-RSRP)

	- SS Reference Signal Received Quality (SS-RSRQ)

	- CSI Reference signal received power (CSI-RSRP)

	- CSI Reference Signal Received Quality (CSI-RSRQ)

	- NR Cell Global Identifier /Physical Cell ID

	- Timing Advance (TADV)


Table: Information that may be transferred from gNB to the LMF
Based on the above information, the LMF can know the neighboring cell for the UE. This can address the mirror-image issue. 
Observation 1: by measuring the neighbour cell, the LMF is able to differentiate the UE’s actual location from the mirror location. 
In current E-CID position method, the LMF only request the UE to perform specific measurement, as defined in TS 37.355 (copied as below). 
NR-ECID-RequestLocationInformation-r16 ::= SEQUENCE {
	requestedMeasurements-r16		BIT STRING {	ssrsrpReq		(0),
													ssrsrqReq		(1),
													csirsrpReq		(2),				
													csirsrqReq		(3)} (SIZE(1..8)),
	...
}

-- ASN1STOP

In case of legacy procedures, LMF provides assistance data to UE which can be a list of PRS reference signal configuration for each TRP (i.e. gNB). UE uses the PRS assistance data to perform PRS based positioning measurements. However, as measurement based on the provided PRS config for a list of TRPs is up to UE implementation this solution may not be sufficient to achieve the desired behaviour for network verified location, as the UE in this case should report at least a cell on each side of the country border (i.e. SB6, and a worse cell i.e. SB10) as this would indicate to the LMF which side the UE is closest to. Thus, we propose to have a new information element in the LPP for network verified UE location, which is then used to indicate to the UE which cells specifically to measure and report. Such an information element may also reduce overhead in respect to reporting as the report will contain fewer entities.
Proposal 3: RAN3/RAN2 to specify means for the LMF to request from the UE  neighboring measurements from cells with specified PCI. 

There is one potential enhancement to add the Mapped Cell ID in NRPPa, e.g. Include mapped Cell ID in Measurement Quantities Value IE for E-CID MEASUREMENT INITIATION REQUEST NRRPa message. The justification is unclear. 

It is worthy to first review how gNB determine the Mapped Cell ID.
· Option 1: gNB determine the Mapped Cell ID based on the UE location reported from the UE. Since the UE reported location is not-trustable and awaiting for verification, the gNB cannot use the UE reported location to determine the Mapped Cell ID. So this option is not applicable. 

· Option 2: gNB determine the Mapped Cell ID based on its implementation. Since it is possible that UE just power up and get connected, so the determination should not rely on the history information. One possibility is to use the satellite beam information. There are two further options. 
· Option 2a: the footprint of a satellite beam is small, and only covers location A, but not mirror location B. By using the satellite beam information, the gNB is able to determine a correct/reliable Mapped Cell ID. However, since the determined Mapped Cell ID is reliable, there is no need to perform any further location verification. 


Figure 3 Different Mapped Cell ID for Location A and mirror Location B
· Option 2b: the footprint of a satellite beam is large and covers both location A and mirror location B. By using the satellite beam information, the gNB is not able to determine a correct Mapped Cell ID that can differentiate location A from  Mirror Location B. In this case, providing an incorrect Mapped Cell ID to LMF is useless to the LMF. 


Figure 3 Same Mapped Cell ID for Location A and mirror Location B
In a summary, it is proposed the gNB first guess the Mapped Cell ID based on its implementation, and provide the “Guess Mapped Cell ID” to LMF. The LMF then use the received “Guess Mapped Cell ID” to verify the UE’s actual location. So it is questionable whether this verification is correct, since the verification is based on a “Guess Mapped Cell ID”. 

Based on the above analysis, it is questionable on what kind of issue can be solved, and what benefit can be added by added, by introducing the Mapped Cell ID in NRPPa.

Observation 2: it is unclear on the specific issues to be addressed and benefit by introducing the Mapped Cell ID in NRPPa.

Proposal 4: discuss and clarify the scenario/benefit for introducing Mapped Cell ID in NRPPa.
4 Conclusions
In this contribution, we analyzed the support for location verification in NRT NTN. Our proposals are:
Proposal 1: LMF is configured with the satellite information
Proposal 2: discuss whether it is an issue for the Altitude IE, after the LMF is configured with the satellite ephemeris information.
Observation 1: by measuring the neighbour cell, the LMF is able to differentiate the UE’s actual location from the mirror location. 
Proposal 3: RAN3/RAN2 to specify means for the LMF to request from the UE  neighboring measurements from cells with specified PCI. 
Observation 2: it is unclear on the specific issues to be addressed and benefit by introducing the Mapped Cell ID in NRPPa.
Proposal 4: discuss and clarify the scenario/benefit for introducing Mapped Cell ID in NRPPa.
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Mapped cell ID#1 corresponds to Location A
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Mapped cell ID#1 corresponds to Location A
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