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Introduction
The Rel.18 work item on Non-Terrestrial Network (NTN) [1] has been started with the following scope:
· Coverage enhancement
· NR-NTN deployment in above 10 GHz bands 
· Network verified UE location
· NTN-TN and NTN-NTN mobility and service continuity enhancements 

On Network-verified UE location, after the study of RAN captured in TR 38.882 [2] and the RAN1 study, it was determined that RAN is to specify necessary enhancements for Multi-RTT and DL-TDOA [1]. Multi-RTT has higher priority than DL-TDOA.  
Discussion
We discuss open issues on Network-verified UE location for NR NTN based on Multi-RTT positioning, i.e., aspects on the definitions of Rx-Tx time difference measurements for NTN, the reference point for TgNB-RX and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN, accuracy of RTT measurement based on Rx-Tx time difference, the triggering time of multi-RTT positioning.
Rx-Tx time difference
In the recent RAN1-meeting 112bis-e it was agreed to focus on the achievable accuracy and reporting details of certain combinations of gNB and UE Rx-Tx time differences. The latest agreement on the definitions of the Rx-Tx time difference in NR NTN comprise four options each (see further below). FL recommended to focus on the study of accuracy and reporting details of the Rx-Tx measurements based on Options 2 and 3. Roughly speaking, Option 3/Alt-1 reuses most of the legacy Rel.17 positioning framework. It is based on decoupled measurements of PRS and SRS at gNB and UE. On the other hand, Option 2/Alt-2&3 departs from the legacy Rel.17 framework, it couples PRS and SRS measurements and will lead to more specification changes.

	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

	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



We analyze the achievable RTT measurement accuracy based on UE/gNB Rx-Tx time difference below.
UE Rx-Tx time difference measurement is based on the DL-PRS reference signal. DL-PRS is usually located towards the end of a subframe. This is modeled in such a way that DL-PRS is sent at time in a subframe beginning at time instant , whereby . UE receives DL-PRS at time instant , and its containing subframe at time . UE determines the UE Rx-Tx Time Difference via the Timing Advance value , which holds at subframe reception timing , as follows

This equation determines the time difference between the UE’s received subframe boundary and its closest transmit subframe boundary. 

Similarly, gNB Rx-Tx time difference measurement is based on the UL-SRS reference signal. The SRS signal is sent at time  in a subframe starting at . And it is received at time  in a subframe starting at . The gNB Rx-Tx time difference  is determined as 

whereby  is the timing of the closest transmit subframe at the gNB. 

Computing  is complicated by the fact that we start from the UE transmission timing  but we don’t have any knowledge about the relative subframe timings. The simulation steps to obtain  are in sequence the UE Rx reception timing , the gNB transmission timing , the gNB transmit subframe boundary , the UE Rx subframe boundary , the UE Tx subframe boundary , and finally the gNB Rx subframe boundary . Note that this complication only exists for this type of simulation. In practice, these steps are not required; gNB determines gNB Rx-Tx Time Difference instantly.

	




The ideal (without approximation) RTT, here, is . Based on this equation, LMF can determine the satellite locations and eventually solve for the UE location. On the other hand, the legacy reporting method is based on UE Rx-Tx TD and gNB Rx-Tx TD, and TA report is additionally used for NTN (Option 3-3 in section 3). 



We want to analyze the error, , it introduces in the following. We simulate a LEO satellite at 600 km in a circular orbit around the equator. gNB and UE are co-located at the same position. At time , the satellite is directly above gNB and UE. The x-axis shows the time , which corresponds to the gNB transmit timing of the subframe containing PRS. The PRS-signal is offset from the gNB Tx subframe boundary by 0.6ms, hence, . The validity duration of the common TA polynomial is denoted as VD and set to 10 seconds. In each 10 second segment, the CTA polynomial is obtained based on the minimax approximation of the distance between satellite and gNB/RP. In other words, UE is assumed to always use feeder-link approximation when computing delays. Additionally, we simulate various transmit timings of the SRS signal relative to the PRS signal. For example, , means that the SRS signal is sent 100ms in advance of the corresponding PRS signal; and , means that the SRS signal is sent 100ms after of the corresponding PRS signal. 

By the setup above, the analyzed error, , is composed of the approximation error introduced by the common TA polynomial (minimax design), and the error introduced by the satellite movement during determination of the Rx-Tx time differences, which causes small deviations for the computed TA-values and the computed subframe boundaries and the TA-report.The results are shown in the figure below. We observe the following behavior.

Observation 1:
1) The error between the true RTT and the RTT based on (legacy) reporting increases with the time , which is equivalent to saying that the error increases with larger distances between satellite and the pair of UE and gNB/RP.
2) The error becomes largest at the largest distance between satellite and UE/gNB (when  is largest)
3) The error is overall smallest if SRS is sent before PRS (orange curve, t2_SRS-t0_PRS=-0.01s)
4) The error between the true RTT and the RTT based on the reporting can be kept below 10-6 seconds which corresponds to an uncertainty of 300 meters. 
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As guiding principle, RAN noted at the start of the specification phase that the enhancements of Network-verified UE location assume the reuse of the RAT dependent positioning framework which are reflected in Option 3 for each Rx-Tx Time Difference. RAN1 chooses other solutions only if problems are identified.

Proposal 1: RAN1 prioritizes adopting the legacy Rel.17 definitions of Rx-Tx time difference (Option 3 each, Alt-1) for Network-verified UE location and falls back to other solutions only if problems are identified.

In our understanding, for all UE Rx-Tx time difference options (3-1, 3-2 and 3-3) UE reports information corresponding to the integer part of the RTT in addition to UE Rx-Tx time difference which corresponds to the fractional part of the RTT. All information in options 3-1, 3-2 and 3-3 can be faked by the UE, but we think TA report (as specified in Rel.17) is most difficult to be faked because it is used for the scheduling (e.g. determination of Koffset) by gNB. Note that although there was an argument that TA report is not reliable because GNSS module is used, all options utilize TA value, which is derived from GNSS location information, to derive the information to be reported. 

Proposal 2: For UE Rx-Tx time difference, Option 3-3 should be adopted because TA report (as specified in Rel.17) is most difficult to be faked. 

The reference point for the gNB Rx – Tx time difference in NTN (Topic #4)
Based on the latest agreement on the reference point for gNB Rx-Tx time difference measurement, RAN1 needs to downselect one of the three possible options at satellite, uplink time synchronization point, or gNB. RAN1 must define the reference point for TgNB-RX and the reference point for TgNB-TX in 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



NR-NTN is designed around the uplink time synchronization reference point which is managed by the network, and which is transparent to the UE. In our view, the verification procedure should follow the overall design principle of the UL/DL timing relationship which is centered around the UL synchronization point. If the reference point for gNB Rx-Tx time difference is on the gNB (Option 3), RTT between gNB and the uplink time synchronization reference point needs to be reported to LMF with a sufficient granularity (not slot granularity like k_mac). The benefit of using the uplink time synchronization reference point as the positioning reference point is that RTT between gNB and the uplink time synchronization reference point does not need to be reported to LMF in this case. The existing gNB Rx-Tx time difference definition can be reused. 

Observation 2: In Option 3, the RTT between gNB and the uplink time synchronization reference point (RTT corresponding to k_mac) is subtracted together with the Common-TA from the RTT between UE and gNB. Hence, LMF has no need to be informed about the RTT between gNB and the uplink time synchronization reference point . 

Proposal 3: The positioning reference point for gNB Rx-Tx time difference measurement is the uplink time synchronization reference point.

For all options, RTT(UE-Sat)=gNB-RTTD + TA – Common-TA can be obtained, which can be computed based on gNB-RTTD, UE-RTTD and TA-report as we have shown in our previous contribution R1-2300714 for RAN1#112.

Solving the mirror position ambiguity (Topic #6)
In RAN1-meeting 112 it was agreed to study a variety of possible solutions for the mirror position ambiguity. In our understanding, FL expressed a preference for the NR E-CID method (e.g., combining UE neighbor measurements to solve the ambiguity between mirror positions), which is also RAN2’s assumed way forward. Beyond that, companies in RAN1 are far from a common agreement.

	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 positioning 
· Other solutions are not precluded



Resolving the mirror position ambiguity based on only time-based measurements is not feasible. LMF requires additional information. Among others, neighbor cell measurements, Doppler measurements, UL AOA, cell coverage information and implementation dependent solutions are considered; all solutions come with different benefits and drawbacks, but these would not require additional specification for gNB. Some specification effort may be required for the interface between LMF and gNB to inform these gNB implementations.

Basically, the problem is that one beam/cell may cover two countries simultaneously, e.g., Denmark and Germany as first described in the contribution R1-2210050 from Nokia. The proposed solution is to use neighbor cell measurements, but no performance results are shown.

If the true UE position is far from the orbit plane, the distance to the mirror point will be large. Actual UE and fake UE are not likely to be in the same beam/cell. Network could solve the mirror image ambiguity via coverage information of the beam/cell in which UE is located. If the actual UE position is close to the orbit plane, the actual position and its mirror point are likely in the same beam but may be in different countries. But this is subject to the cell design.

For this meeting, we think that RAN1 should exclude options which won’t work. The Doppler is the same for UEs located symmetrically about the satellite’s orbital plane. The calculated Doppler from UE in Option 3 won’t resolve the mirror position ambiguity. Option 4 works only for a VSAT UE. It is not viable for UE without beamforming capability. Option 6 (UL-AOA) would require a regenerative satellite. Finally, since other solutions have not emerged so far, exclude such placeholder as well.

Proposal 4: Study further 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 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF

Assistance information for Multi-RTT positioning with single Satellite (Topic #7)
After the last meeting, FL recommended to wait on deciding which assistance information is to be transferred between the LMF and NG-RAN for Multi-RTT positioning with single satellite until sufficient progress on Rx-Tx measurement design is made. But at this stage it is already clear that RTT will be composed of multiple components irrespective of the specific method. Some information may be exchanged directly between UE and the LMF. The relation among UE, gNB and LMF needs to be discussed. We don't think if RAN1 alone can decide how all components are beneficially combined at the gNB. In R1-2300714, we have outlined comprehensively which functional splits between UE, gNB and LMF exist.

Proposal 5: Send LS to RAN2/RAN3 on the potential impact on LPP/NRPPs procedures.
The impact of the geometry relating the UE and the TRPs (satellites) (Topic #8)
RAN1-meeting 112 concluded that the geometry between UE and TRPs (satellites) affects the positioning accuracy for Network-verified UE location based on Multi-RTT. The reason is that the intersection of spheres, at which UE might be located, is much more focused the farther apart measurements are taken. The time instants or the measurement window when the network triggers Multi-RTT positioning for UE location verification should thus be assessed and determined prior to any network verified UE location execution. 

To this end, it was proposed during the last meeting to predetermine the triggering time of Multi-RTT positioning by taking into account the geometry relating the UE and the TRPs (satellite(s)). This would include a metric like dilution of precision. It is true, that a network operator should carefully design the triggering times for location verification and it can be done by the evaluation of a metric such as dilution of precision. But we fail to see how such a metric is standard-relevant.

Proposal 6: The triggering time of the multi-RTT positioning method and the time instants at which the Rx-Tx time difference measurements will be performed are handled internally by the network.

Conclusion
In this document, we discussed issues on Network verified UE location for NR NTN. We observe and propose the following:

Observation 1:
1) The error between the true RTT and the RTT based on (legacy) reporting increases with the time , which is equivalent to saying that the error increases with larger distances between satellite and the pair of UE and gNB/RP.
2) The error becomes largest at the largest distance between satellite and UE/gNB (when  is largest)
3) The error is overall smallest if SRS is sent before PRS (orange curve, t2_SRS-t0_PRS=-0.01s)
4) The error between the true RTT and the RTT based on the reporting can be kept below 10-6 seconds which corresponds to an uncertainty of 300 meters. 

Observation 2: In Option 3, the RTT between gNB and the uplink time synchronization reference point (RTT corresponding to k_mac) is subtracted together with the Common-TA from the RTT between UE and gNB. Hence, LMF has no need to be informed about the RTT between gNB and the uplink time synchronization reference point . 

Proposal 1: RAN1 prioritizes adopting the legacy Rel.17 definitions of Rx-Tx time difference (Option 3 each, Alt-1) for Network-verified UE location and falls back to other solutions only if problems are identified.

Proposal 2: For UE Rx-Tx time difference, Option 3-3 should be adopted because TA report (as specified in Rel.17) is most difficult to be faked. 

Proposal 3: The positioning reference point for gNB Rx-Tx time difference measurement is the uplink time synchronization reference point.

Proposal 4: Study further 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 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF

Proposal 5: Send LS to RAN2/RAN3 on the potential impact on LPP/NRPPs procedures.

Proposal 6: The triggering time of the multi-RTT positioning method and the time instants at which the Rx-Tx time difference measurements will be performed are handled internally by the network.
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