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1 Introduction
The following work item objective for NR NTN location verification was agreed at RANP#98e [1]

	Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature




In RAN#112 Athens, the following agreements were made:
	Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN

Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
Option 3: on the gNB

Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
· Option 1: The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
· Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
· Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

· FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
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

Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT



The NR NTN location verification agenda was discussed at RAN1#112 Athens. The discussion is summarised in [3]. 
This document provides our views on the definition of UE RX-TX time difference measurement.

2 UE Rx-Tx Time Difference measurement
Based on the agreement in RAN1#112, RAN1 needs to downselect between the following options for the definition of the UE RX-TX time difference measurement:
	Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account




Our views on the above options are:
Option 1. We understand that this option would send a single measurement consisting of the RX-TX timing difference. The crux of this measurement will be in defining the timing relationship between DL subframe #i and the uplink subframe corresponding to subframe #i. Which UL subframe corresponds to which DL subframe? This option would require a linkage to be made between a DL PRS and an UL SRS in order to define which UL subframe corresponds to which DL subframe.
Option 2. This option is less ambiguous than option 1, but we think that it boils down to the same thing. The formulation of option 2 is clearer to us than the formulation of option 1. It is clear that option 2 requires an association between DL PRS#n and UL SRS#m. The UE can then simply report the time difference between reception of DL PRS#n and the transmission of UL SRS#m. This seems to be the least ambiguous option and allows for multi-RTT positioning.
Option 3. Splitting the UE RX TX time difference measurement into an offset and another measurement appears to be a signalling optimisation. Option 2 would seem to provide the same information in a simpler way. Given the number of TU that RAN1 have spent on NR NTN, we do not see the need to discuss these signalling optimisations. In any case, RAN2 are the appropriate group to discuss signalling optimisations.
Option 4. Our understanding is that a TA report does not provide the necessary accuracy to resolve the UE location, especially considering the poor geometry for positioning when the UE is positioned under the orbital plane. The measurement of DL PRS timing used in the UE RX-TX time difference is a different measurement to the measurement of the start of the DL subframe that is used in the TA report, since the DL PRS measurement measures the timing of the first significant path in the DL PRS whereas the start of the DL subframe is typically defined based on the position of the bulk of a multipath power delay profile. Our understanding is hence that the UE RX-TX time difference cannot actually be derived from the timing advance TTA.
Proposal 1: For UE RX-TX time difference measurement, support option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
   
Proposal 2: The UE RX-TX time difference measurement is based on an association between an identified DL PRS and an identified UL SRS.

Note that the issue of association between an identified DL PRS and an identified UL SRS is further described in our contribution to RAN1#112 [2]. The relevant section is copied below:
The multi-RTT technique is based on measurements of the time difference between PRS and SRS signals. Multiple measurements may be required for UE positioning estimation purpose (e.g., for multi-lateration computation of UE positioning estimation). Multiple measurements may also be required for NTN location verification due to the low SNR conditions that are characteristic of the NTN link budget. The PRS transmissions may be periodic. The round trip time in NTN may be large (25ms for LEO-600). In order to avoid ambiguity between which SRS and which PRS the RX-TX time difference measurement refers to, the SRS and PRS might have to be spaced far apart in order to avoid the ambiguous situation illustrated in Figure 1. Should the RX-TX time difference measurement refer to the time between PRS#1 and SRS#1, TRX_TX1, or should it refer to the RX-TX time difference between PRS#1 and SRS#2, TRX_TX2 ? In order to avoid this ambiguity, it is proposed that the association between PRS and SRS is explicitly configured for the purposes of RX-TX time difference measurements.
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[bookmark: _Ref127525016]Figure 1 – Illustration of possible association of SRS and PRS for RX-TX time difference measurements

3 Conclusion 
This document has considered the UE RX-TX time difference measurement used in multi-RTT signalling in NR NTN location verification. The following proposals are made:
Proposal 1: For UE RX-TX time difference measurement, support option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
   
Proposal 2: The UE RX-TX time difference measurement is based on an association between an identified DL PRS and an identified UL SRS.
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