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1	Introduction
[bookmark: _Toc474247438]Regarding NR NTN network verified UE location work item [1], the following agreements has been made during the last RAN3 meetings:
RAN 117e 
The verification is performed in the CN.
If the reported UE location is not correct, the CN will take necessary action and Rel-17 behaviour can be kept as baseline. FFS on new cause value.
RAN3 wait for RAN1/2 progress on the specific position method to be-used for verification.
RAN3#117bis-e:
RAN3 is not affected by UE location reporting
No additional RAN3 impact if UE location is not correct
On the other hand, during the RAN1#109 and RAN1#110 meeting, it was agreed that time-based positioning methods such as multi-RTT and DL/UL-TDO could be considered for the UE location verification. Then, during RAN1#111 it was observed that time-based positioning methods are incapable of achieving the positioning accuracy of 5-10 km as per the work item requirement [2]. This is due to a drawback on their performance under considerations of the timing measurement error of the positioning signal at UE and the satellite, and the mirror-image ambiguity issue, which could happen when UE is located in a beam below the satellite orbital path. Therefore, it has been concluded in RAN1 that other assistance data can be discussed in RAN2 and RAN3 to assist resolving these issues [2]. This contribution discusses the impact to RAN3 spec considering such assistance data. 
2	Discussion
Time-based positioning methods make use of the measured positioning signal timing difference or the time difference of arrival/departure of downlink/uplink signals received from/to different Transmission-Reception Points (TRPs) (i.e. a reference gNB and neighbouring gNBs at the same time. The resulting measurements are used along with other configuration information are used to locate the UE in relation to the neighbouring TRPs. In case of single satellite in view (i.e., single TRP), these existing time-based methods are incapable of achieving the positioning accuracy of 5-10 km as per the work item requirement. This is due to a drawback on their performance because of the timing measurement error of the positioning signal at UE and the satellite, and the mirror-image ambiguity issue, which could happen when UE is located in a beam below the satellite orbital path [3, 4]. 
One possible solution to address the timing measurement error, which mostly occur due to a clock drift between the UE and satellite, is to consider exchanging from UE via AMF to LMF or via gNB to LMF an assistance data for correcting the timing measurement error due to the clock drift at UE or gNB/Satellite (Figure 1).
 On the other hand, to resolve the mirror image ambiguity issues, the satellite ephemeris parameters, the beam/cell identity in positioning signal is transmitted and/or the angular information e.g., angle of arrival (AoA) or the angle of departure (AoD)) of the uplink/downlink positioning reference signal can provided form UE or gNB to the CN (Figure 1). So that CN can determine whether the beam/cell is underneath a satellite orbital path, if so, CN can utilize the ephemeris information and/or the angular information to compute and verify the UE location. However, this could require additional measurement configuration data are need to be provided from CN(LMF) to gNB or UE such as the RAT type or satellite ID and the time and frequency information of SSB where PRS is transmitted, to help UE to determine and report proper the satellite beam/cell ID. 


Figure. 1: Enhanced UE Location Verification Procedure
Based on the above discussion we propose:
Proposal 1: RAN3 discuss the necessity for exchanging form UE or gNB to the CN an assistance data such as a UE’s satellite beam, timing measurement error correction information, and/or a satellite ephemeris information as a part of NGAP or NRPPa transaction(s) to help mitigating the positioning measurement error and UE ambiguity issues. 
Proposal 2: RAN3 also discuss the need for providing from CN to gNB or UE via AMF an additional measurement configuration data such as the RAT type or satellite ID and the time and frequency information of SSB where PRS is transmitted, to help UE to determine and report the proper satellite beam/cell ID. 
3	Conclusions
In this contribution, we discuss the impact to RAN3 spec regarding the assistance data to enhance time-based positioning methods to support the objective of network UE location verification. Based on the discussion we propose:
Proposal 1: RAN3 discuss the necessity for exchanging form UE or gNB to the CN an assistance data such as a UE’s satellite beam, timing measurement error correction information, and/or a satellite ephemeris information as a part of NGAP or NRPPa transaction(s) to help mitigating the positioning measurement error and UE ambiguity issues. 
Proposal 2: RAN3 also discuss the need for providing from LMF to gNB or UE via AMF an additional measurement configuration data such as the RAT type and the time and frequency information of SSB where PRS is transmitted, to help UE to determine and report the proper satellite beam/cell ID. 
References
[1] RP-221819, Revised WID: NR NTN (Non-Terrestrial Networks) enhancements.
[2] [bookmark: _Ref110325583]R1-2210952, FL Summary #4: Network verified UE location for NR NTN.
[3] [bookmark: OLE_LINK25]R1-2301653, Discussion on Network Verified Location for NR NTN.
[4] R2-2301837, Discussion on Network Verified Location.
image1.emf
UE 

Satellite/gNB                                                                              Core Network(CN) 

  (gNB)                (Satellite)                                                     (AMF/LMF )                             (5GC/LCS) 

NRPPa [Measurement Configuration ( Satellite ID, RAT 

type, SSB  information ]                                     

 SSB info, Satellite ID, Acess/RAT type,

 Satellite ephemeris info) 

UE Location Verification 

 

UE Location 

Verification 

 SRS/PRS 

Configuration

UL SRS 

Measurement 

DL PRS 

Measurement 

Location information, a network selection 

and/or a service access request

UE Satellite  Beam ID, positioning time measurement error 

correction info ,satellite ephemeris info, PRS measurement  

SSB time and frequency information of PRS,RAT type, Satellite ID/cell ID)

UE Satellite Beam ID,  positioning time measurement error correction info 

 ,satellite ephemeris info, PRS measurement

NRPPa [UE Satellite Beam ID,  positioning time measurement 

error, ephemeris info, PRS/SRS measurement]


Microsoft_Visio_Drawing.vsdx
UE
Satellite/gNB                                                                              Core Network(CN) 
  (gNB)                (Satellite)                                                     (AMF/LMF )                             (5GC/LCS)
Verification Response


NRPPa [Measurement Configuration ( Satellite ID, RAT type, SSB  information ]
SSB info, Satellite ID, Acess/RAT type,
 Satellite ephemeris info)
UE Location Verification



UE Location Verification
SRS/PRS 
Configuration

UL SRS Measurement
DL PRS Measurement

Location information, a network selection 
and/or a service access request
UE Satellite  Beam ID, positioning time measurement error correction info ,satellite ephemeris info, PRS measurement
Verification Response


SSB time and frequency information of PRS,RAT type, Satellite ID/cell ID)











UE Satellite Beam ID,  positioning time measurement error correction info 
 ,satellite ephemeris info, PRS measurement
NRPPa [UE Satellite Beam ID,  positioning time measurement 
error, ephemeris info, PRS/SRS measurement]







