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Introduction
In RAN1#112b-e meeting, agreement related to UE and gNB Rx-Tx time difference for a single satellite based multi-RTT for network verified UE location. This contribution discusses and provides our view on network verified UE location for NR NTN. 

Discussions on single satellite based Multi-RTT positioning
RTT determination
It was agreed to prioritize multi-RTT assuming a single satellite in view in normative phase. Illustration of multi-RTT with a single satellite is depicted in Figure 1. 


Figure 1. Illustration of multi-RTT with a single satellite
In TN, in order to determine RTT, gNB Rx-Tx time difference measurement and UE Rx-Tx time difference measurement are defined in TS 38.215. Also, the reference point for gNB Rx-Tx time difference measurement is defined in TS 38.215. For NTN, similar mechanism can be employed for a single satellite based multi-RTT positioning. 
First, for the reference of gNB Rx-Tx time difference measurement, it was intensively discussed during previous meetings, but it was failed to achieve consensus. During the discussion, two options for gNB Rx-Tx time difference are listed [1] as follows. 
· Option 1: The uplink time synchronization reference point
· Option 2: The reference point for performing gNB receive-transmit time difference measurement which is on the gNB
  In our view, two options can work well for a single satellite based multi-RTT positioning. The difference is required additional signaling/information at LMF, e.g., Common TA, K_mac, feederlink delay, etc. In our view, legacy definition of reference point for definition of gNB Rx–Tx time difference measurement can be reused since the measurement is taken at the gNB at least for transparent payload. So, option 2 (on the gNB) is preferred. 
Proposal #1: Support option 2 (on the gNB) for the reference point for defining gNB Rx–Tx time difference measurement. 
In the last meeting, combinations of UE and gNB Rx-Tx time difference measurement was agreed as captured above. For Alt-1, it relies on legacy definition with potential offset values, therefore it may not need to change the definition of UE and gNB Rx-Tx time difference measurement. Alt-2 and Alt-3 employ option 2 for UE Rx-Tx time difference where UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. For this type of measurement/reporting, more signaling overhead seems to be required compared to that of Alt 1, since the value range can vary depending on which combination of PRS and SRS (pair) is utilized. For gNB Rx-Tx time difference, Alt-3 is based on the option 4 where gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. Therefore, this alternative has the same issue as UE Rx-Tx measurement based on option 2. Based on the above discussion, Alt-1 is preferred due to the benefit in terms of signaling overhead. Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference

Proposal #2: For combination of UE and gNB Rx-Tx time difference measurement, support Alt-1 (UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215). 
If Alt-1 is supported, following issues need to be further considered. One issue is whether/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 information such as ephemeris, satellite/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. 

Mirror position ambiguity for single satellite based multi-RTTAgreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioningOther solutions are not precluded


As captured above, potential solutions for mirror position ambiguity for single satellite based multi-RTT were listed in RAN1#112 meeting. Option 1 is based on the gNB or LMF implementation. For example, gNB beamforming be used to resolve this issue. With this option, it has a benefit that no or minimized specification impact is expected. Other options require additional specification impact and/or UE complexity to solve the same ambiguity problem. Therefore, if there are no significant advantages from adopting either option 2 to 6, option 1 should be supported. 
Proposal #3: Support option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  


Conclusion
In this contribution, we discussed on network verified UE location for NR NTN. Based on the above discussion, we have the following proposals. 
[bookmark: _GoBack]Proposal #1: Support option 2 (on the gNB) for the reference point for defining gNB Rx–Tx time difference measurement. 
Proposal #2: For combination of UE and gNB Rx-Tx time difference measurement, support Alt-1 (UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215). 
Proposal #3: Support option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  
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