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Introduction
In RAN1#110b-e meeting, followings were agreed for network verified UE location.
	Agreement
Deprioritize the discussion on UE location verification during initial access.

Agreement
For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement between TX and RX measurements should be provided.
· How this is characterised is also reported by companies


This contribution discusses and provides our view on network verified UE location for NR NTN. 

Discussions
Positioning techniques for NR NTN
In the following, we briefly summarize how the DL/UL-TDOA and multi-RTT operates in TN.
· DL-TDOA (Time difference of arrival)
In DL-TDOA, location server provides a UE with PRS transmitted from multiple TRPs. And UE estimates and reports multiple RSTDs which refers to arrival time difference of reference signals transmitted from a TRP and a reference. Then, the location server calculates the UE location based on the intersection of hyperbolas for pairs of TRPs. In this method, accuracy can be improved as BW and # of measurement are increased. However, it is vulnerable to the NLOS (e.g., multi-path) environment. 

· UL-TDOA 
Similar to DL-TDOA, UL-TDOA is based on the time difference of arrival. In UL-TDOA, gNB configures SRS resources for positioning to UEs and provides SRS resources for positioning to location server. The UEs transmit SRS resources for the purpose of positioning to multiple cells/TRPs, and gNB sends RTOA(relative TOA) to location server. Then, location server calculates UE location based on the received information from UE and gNB. The performance of UL-TDOA may be limited since SRS is difficult to be transmitted to many TRP/cells. Note that similar procedure can be applied for UL-AOA based positioning. The difference is gNB measures angle of arrival of SRS. 

· Multi-RTT (Round trip time)
Multi-RTT utilizes DL PRS and UL SRS for positioning. In this method, location server configures PRS to UE and gNB configures SRS for positioning to UE. And UE estimates and reports UE Rx-Tx time difference measurement for multiple pairs of TRPs, and gNB estimates gNB Rx-Tx time difference measurement for multiple pairs of TRPs. Based on the UE Rx-Tx time difference measurement and gNB Rx-Tx time difference measurement, the UL and DL propagation delays can be computed. This method has a merit of robustness to synchronization, but it has disadvantage of long latency and difficulty of obtaining many measurements. 

· AoD/AoA (Angle of Departure / Arrival)
In DL-AoD method, location server provides a UE with PRS transmitted from one or multiple TRP(s). Then, the UE estimates and reports PRS-RSRP for each PRS resource transmitted from one or multiple TRPs. In case of UE-based positioning, location server provides information on spatial beam direction of TRP. This method has a merit of high accuracy for vertical positioning due to using narrow beams and robustness to synchronization error. However, it has limited accuracy of horizontal plane positioning. The procedure of AoA can be similar with AoD except SRS for positioning is used instead of PRS. 

· E-CID (Enhanced Cell ID)
In E-CID method, location server provides a UE with RRM RS (e.g., SSB and CSI-RS) transmitted from serving and neighboring cell(s). And UE estimates and reports SSB-RSRP + SSB index for each physical cell ID. Then, the location of UE is estimated by using physical cell ID, cell portion ID, SSB index and RSRP(s). This method has a merit that location estimation is possible by reusing RRM measurements. However, it has limited positioning accuracy.

Based on the above discussion, NR positioning techniques such as DL/UL-TDOA, UL- AoA and multi-RTT can be applied to NTN. For the angle based approach such as AoD or AOA, it is not preferred to apply in NTN environment, since the angle difference from multiple measurement in a single satellite case may be not large. Also, feasibility of angle measurement and/or beam steering at satellite should be discussed first. 
In RAN1#110b-e, enhancement of E-CID in conjunction with additional UE reported measurement such as UE specific TA, Doppler, angle information, etc. was also discussed. In our view, such new positioning technique is not needed, since time domain measurement based positioning techniques such as multi-RTT and DL/UL TDOA are considered were selected as starting point of the study for network verified UE location. Also, all of TN positioning techniques in the specification does not necessarily satisfy the requirement of network verified UE location. Therefore, prioritization on multi-RTT, DL/UL-TDOA is preferred. The potential specification impact will be discussed in the following section 

Proposal #1: Prioritize multi-RTT and DL/UL-TDOA for NW verified UE location. 

Potential specification impact
In RAN1#110 meeting, it was agreed that a single satellite based positioning is prioritized. Illustration of multi-RTT with a single satellite is depicted in Figure 1. 


Figure 1. Illustration of multi-RTT with a single satellite
For the single satellite based multi-RTT technique, we need to firstly discuss how to determine RTT. In this context, following options was discussed, but it failed to reach consensus.
· Option1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
· Option 2: RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and the timing error of the UL reference signal, i.e., RTT=Te+TA
Option 1 has the same principle of RTT determination as in TN. So, it is natural extension and is preferred. On the other hand, option 2 relies on the total TA and its error term as TA is used to compensate the delay due to round trip delay. Regarding option2, in the last meeting, it was also discussed whether TA value reported by UE is trustful or not. Unfortunately, it was failed to achieve agreement. In our view, considering the fact that UE-specific TA is based on GNSS measurements which may be faked by a malicious UE, TA information reported by UE is not appropriate for the NW verified UE location unless there is clear agreement that TA information is trustful. Therefore, option 1 is preferred for RTT determination. 
Observation #1: For RTT determination, using TA information reported by UE is not appropriate unless there is clear agreement that TA is trustful.
Proposal #2: For RTT determination, option 1 is supported.
· Option 1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
  If option 1 is supported, following issues need to be further considered. One issue is how to reflect timing error / delay due to processing time in satellite and movement of satellite and/or UE. One way is to let LMF know the ephemeris information, UE movement, etc. In this way, LMF can handle delay/error caused by satellite and/or UE movement. Also, feeder link delay (e.g., Kmac and/or common TA) needs to be signaled to LMF for the RTT calculation. The other issue is how to configure DL-PRS and SRS for the multiple measurement of UE Rx-Tx time difference. For example, one or more DL-PRS resources can be associated, and details can be further studied. 

Proposal #3: If multi-RTT is selected as a baseline scheme for NW verified UE location, study at least followings
· How to handle timing error/delay due to processing time in satellite and movement of satellite and/or UE
· Configuration of DL-PRS and SRS for the multiple measurement of UE Rx-Tx time difference

  One remaining issue is regarding on the latency for single satellite based NW verified UE location. In R1-2210814, RAN2 ask SA1 and SA2 for any constraint for latency of NW verified UE location. Thus, discussion regarding latency can be postponed until the reply is provided by SA1 and/or SA2. 

Conclusion
In this contribution, we discussed on network verified UE location for NR NTN. Based on the above discussion, we have the following observation and proposals. 
[bookmark: _GoBack]Observation #1: For RTT determination, using TA information reported by UE is not appropriate unless there is clear agreement that TA is trustful.
Proposal #1: Prioritize multi-RTT and DL/UL-TDOA for NW verified UE location. 
Proposal #2: For RTT determination, option 1 is supported.
· Option 1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
Proposal #3: If multi-RTT is selected as a baseline scheme for NW verified UE location, study at least followings
· How to handle timing error/delay due to processing time in satellite and movement of satellite and/or UE
· Configuration of DL-PRS and SRS for the multiple measurement of UE Rx-Tx time difference
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