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In RAN# 111, a couple of conclusions have been drawn on network-verified location for NR NTN [1]:
Conclusion
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.

Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.


As an outcome of the Rel-18 discussion in in RAN#98e [2], WID was revised to clarify the objective on network-verified UE location:
Agreement
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 this contribution, we provide the discussion on the specification change to support Multi-RTT positioning assuming a single satellite in view. 

Reusing existing reference signal
In [3], detailed simulation results of positioning CDF errors are provided under the agreed percentile points for single-satellite based positioning by taking satellite’s movement into account. In addition to positioning reference signals, i.e., PRS and SRS, existing reference signals, CSI-RS, are also adopted to perform time-related measurements and achieve the accuracy requirement as the former reference signals. Thus, UE location can be verified via leveraging existing reference signals, e.g., CSI-RS, such that the resource overhead and UE power consumption due to UE location verification can be reduced. 
Proposal 1: Support reusing the existing reference signals, e.g., CSI-RS, for multi-RTT based location verification to avoid significant resource overhead and UE power consumption due to UE location verification. 

Enhancements to Rx-Tx time difference measurements
In multi-RTT positioning for NTN, UE measures the time difference (Rx-Tx) of downlink signals from the same satellite at different time occasions, which correspond to different locations of the same satellite, while the corresponding Rx-Tx time difference at the satellite are measured by gNB. The corresponding measurements are typically used to determine RTTs at the positioning server, i.e., LMF, which are further used to estimate the location of the UE together with the coordinates of the satellite at different measurement occasions. 
Therefore, some enhancements are essential for the single-satellite based location verification compared with TN positioning. In this section, necessary enhancements to Rx-Tx time difference measurements in multi-RTT positioning are analyzed to support UE location verification for NR NTN as illustrated in Figure 1. 
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Figure 1 illustration of multi-RTT based location verification in NTN
In TN, gNB Rx-Tx time difference and UE Rx-Tx time difference are typically defined in [4] as:
The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] 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 downlink subframe #j that is closest in time to the subframe #i received from the UE. 

The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

And in [5], the report mapping of gNB Rx-Tx time difference and UE Rx-Tx time difference are respectively defined as:
The reporting range of gNB Rx-Tx time difference, as defined in Clause 5.2.3 of TS 38.215 [4], is defined from -985024Tc to +985024Tc. The reporting resolution is uniform across the reporting range and is defined as T = Tc*2k where k is selected by gNB from the set {0, 1, 2, 3, 4, 5}.

The reporting range for the absolute UE Rx-Tx time difference measurement (TUE Rx-Tx) is defined from -985024Tc to 985024Tc with the resolution step of 2kTc, where: 
Tc is defined in TS 38.211 [6], 
kmin≤k≤kmax, 
kmin=[2] and kmax=5, when at least one of the PRS and the SRS resources configured for TUE Rx-Tx is in FR1,
kmin=0 and kmax=5, when both PRS and SRS resources configured for TUE Rx-Tx are in FR2,
k≥ timingReportingGranularityFactor [34] configured by LMF via LPP for the UE Rx-Tx time difference measurement.

In TN, downlink and uplink subframes on gNB are almost aligned. Whereas in NTN, a scheduling offset  is introduced to compensate part of the feeder link delay at the gNB side, which will result in a large scheduling offset in gNB’s DL frame and UL frame timing as shown in Figure 1 such that the current definition and reporting range of gNB Rx-Tx time difference, i.e. from -985024Tc to +985024Tc, are no longer viable in NTN. This thus should be carefully handled and some considerations on necessary enhancements to gNB Rx-Tx time difference measurement are given in Section 3.1.
As the distance between UE and gNB is rather limited within several kilometers, the offset caused by TA error will not exceed the maximum reporting range of -985024Tc to +985024Tc (around -0.5ms to 0.5ms). However, due to the quite large RTT in NTN, the definition of UE Rx-Tx time difference via employing DL subframe #i and its closet uplink subframe #j’ also no longer cover the TA range in multi-RTT positioning in NTN. Some considerations for UE Rx-Tx time difference are given in the section 3.2.

[bookmark: _Ref127548180]gNB Rx-Tx time difference measurement
[bookmark: _Ref126854154]As demonstrated in Figure 1, even when UE compensates a UE specific differential TA and a common TA, there may still exist a scheduling offset in gNB’s DL frame and UL frame timing such that RTT between gNB and UE cannot be obtained in NTN based on the current definition of gNB Rx-Tx time difference. To ensure the correct determination of RTT, there are two ways to enhance gNB Rx-Tx time difference measurements as the following: 
· Option A: Change the current definition of gNB Rx-Tx time difference by taking  into consideration. The reporting range of gNB Rx-Tx time difference needs to be extended a lot to cover the maximum value of Kmac, which is 512ms according to TS 38.331;
· Option B: Keep the current definition of gNB Rx-Tx time difference and gNB needs to transfer an offset to cover the impact resulted from  to the LMF as assistance data to determine RTT. 
For Option A, with an excessively large reporting range of gNB Rx-Tx time difference, significant overhead will be introduced under the regulated resolution step , where  is the timingReportingGranularityFactor specified in [6] with  and .
For Option B, the signaling overhead can be saved compared to Option A as the granularity of Kmac is per slot and there is no need to define a finer granularity. 
Observation 1: Due to the involvement of , the limited reporting range of gNB Rx-Tx time difference currently specified for terrestrial network is not directly applicable for UE location verification in NTN. 
Proposal 2: To keep the current definition in RAN4 and report mapping of gNB Rx-Tx time difference, an offset to cover kmac, e.g. Toffset in Figure 1, should be transferred from gNB to the LMF as the assistance data for RTT calculation. 

UE Rx-Tx time difference measurement
It is worth mentioning that the UE transmit timing for satellite access is defined in [5] as:
The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.

Hence with TA up to the duration of several tens of or even hundreds of subframes at the UE side in NTN, RTT can’t be solely determined with the current definition and reporting range of UE Rx-Tx time difference. To enlarge the reporting range of UE Rx-Tx time difference measurements, there are two ways as the following: 
· Option A: Change the current definition of UE Rx-Tx time difference by taking TA into consideration. The reporting range of UE Rx-Tx time difference needs to be extended a lot by the maximum value of TA which is up to 1024ms; 
· Option B: Keep the current report mapping of UE Rx-Tx time difference and UE needs to report an remaining offset to the LMF
Similarly as enlarging the reporting range of gNB Rx-Tx time difference measurement proposed in the previous subsection, Option A will result in an excessively large reporting range of the UE Rx-Tx time difference in companion with significant overhead caused by the resolution step .
To reuse the current reporting range subject to a maximum absolute value of 0.5ms, UE Rx-Tx time difference can be decoupled into several parts, with each part independently transferred from UE to the LMF, as proposed in Option B. For example, TA offset can be subtracted from UE Rx-Tx time difference and transferred to the LMF such that the remaining UE Rx-Tx time difference is within the current defined range. To reduce the signaling overhead, the TA offset can be a number of subframes (or frames+subframes). To further embrace the simplicity, the TA offset is determined by rounding the real UE Rx-Tx time difference to the nearest integer in the unit of milliseconds and the remaining UE Rx-Tx time difference can fit the current reporting range with resolution step .
Observation 2: Due to the limited reporting range, the report mapping of UE Rx-Tx time difference measurement in terrestrial network is not directly applicable for the UE location verification in NTN. 
Proposal 3: An offset, which is determined by rounding the real UE Rx-Tx time difference to the nearest integer in the unit of milliseconds, should be transferred from UE to the LMF in addition to the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step . 

TA based reporting
As another alternative, TA based reporting for multi-RTT based location verification can be considered. 
It is worth remarking that TA is also equivalent to the time difference between DL and UL subframes with the same index at the reference point. Hence TA can actually be reported in the similar reporting method as that in section 3.2, i.e. using an offset in units of milliseconds and an additional remaining TA on UE. 
To further improve the positioning accuracy, the detected TA offset at gNB can be reported as gNB Rx-Tx time difference. 
Proposal 4: For TA based reporting, TA is reported by UE to LMF, meanwhile the detected TA offset on gNB can be reported to LMF. 

Other assistance data to be transferred
Mirror position issue
One critical issue associated with the UE location verification assuming a single satellite is that the estimated UE location might lie at two points that are symmetric about satellite’s orbit. To overcome this mirror position issue, the angle of arrival of uplink signals can be measured at gNB or using beamforming by gNB’s implementation. Since there is no need to transfer an explicit angle of arrival to the LMF to resolve the ambiguity of mirror position, a single bit, indicating the left side or the right side of UE with respect to the orbital plane, can be employed and transferred from gNB to the LMF to save resource overhead. 
Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 

Feeder link latency and common TA
In multi-RTT positioning, if gNB/UE Rx-Tx time difference measurements are reported to LMF, only RTT between gNB and UE can be determined. However, since UE position is estimated via RTT between UE and satellites in NTN, the feeder link latency and satellite processing time, which are parts of RTT between UE and gNB, should also be deducted from the RTT between UE and gNB with transparent satellites.  
Proposal 6: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.

Moreover, if TA was reported as discussed above, only RTT between UE and uplink time synchronization reference point can be determined and cannot be directly used for UE location verification, as illustrated in Figure 2. The , which is the two-way transmission delay between the uplink time synchronization reference point and the serving satellite should be deducted from the reported TA to obtain the RTT between the satellite and UE. Therefore, common TA parameters should be additionally transferred from gNB to the LMF in TA report based verification.
Proposal 7: To reflect the actual propagation delay between UE and the satellite, common TA parameters should be additionally transferred from gNB to the LMF in TA report based multi-RTT positioning. 


[bookmark: _Ref127562287]Figure 2 relationship of RTTs between UE and satellite/gNB/reference point

Ephemeris of the satellite
In terrestrial networks, geographical coordinates of gNBs are typically required to be transferred from gNB to the LMF as the assistance data when determining UE location. In NTN, as UE position is estimated via RTT between UE and satellites, ephemerids of satellites, especially the ones associated with the transmit timing and received timing at UE/gNB, are crucially needed in verifying UE’s location. For the scenario of transparent satellites, ephemerids is also needed to calculate the feeder link latency, which is indispensable in deriving the actual traveling timing of signals between UE and the satellite. 
It also makes sense that UE figures out the satellites’ coordinates based on the broadcast ephemeris when transmitting and receiving the corresponding subframes, and transfer them together with UE Rx-Tx time difference measurements to the LMF. 
Proposal 8: Support one the following alternatives:
· Alt.1: transferring ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 

Adaptations enabling Rx-Tx measurements involving multiple cells within the same satellite
For the scenario of earth-fixed cell, since the dwelling timing of UE within a cell can be up to several tens of seconds, which is sufficient to estimate UE location in NTN according to simulation results in [3], it is unlikely to involve multiple cells with the same satellite for verification and thus no specific adaptations are needed. 
As for the scenario of earth-moving cell, although frequent handover occurs due to the movement of the satellite, UE’s location can still be verified via configuring corresponding positioning resources for each measurement occasion at different cells such that no adaptations to enable Rx-Tx measurements involving multiple cells within the same satellite are required. 
Observation 3: No adaptations are crucially needed to enable Rx-Tx measurements involving multiple cells within the same satellite. 

Conclusion
In this contribution, network-verified UE location in NTN is discussed. The observations and proposals are summarized as the following:
Observation 1: Due to the involvement of , the limited reporting range of gNB Rx-Tx time difference currently specified for terrestrial network is not directly applicable for UE location verification in NTN. 
Observation 2: Due to the limited reporting range, the report mapping of UE Rx-Tx time difference measurement in terrestrial network is not directly applicable for the UE location verification in NTN. 
Observation 3: No adaptations are crucially needed to enable Rx-Tx measurements involving multiple cells within the same satellite. 

Proposal 1: Support reusing the existing reference signals, e.g., CSI-RS, for multi-RTT based location verification to avoid significant resource overhead and UE power consumption due to UE location verification. 
Proposal 2: To keep the current definition in RAN4 and report mapping of gNB Rx-Tx time difference, an offset to cover kmac, e.g. Toffset in Figure 1, should be transferred from gNB to the LMF as the assistance data for RTT calculation. 
Proposal 3: An offset, which is determined by rounding the real UE Rx-Tx time difference to the nearest integer in the unit of milliseconds, should be transferred from UE to the LMF in addition to the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step . 
Proposal 4: For TA based reporting, TA is reported by UE to LMF, meanwhile the detected TA offset on gNB can be reported to LMF. 
Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 
Proposal 6: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.
Proposal 7: To reflect the actual propagation delay between UE and the satellite, common TA parameters should be additionally transferred from gNB to the LMF in TA report based multi-RTT positioning. 
Proposal 8: Support one the following alternatives:
· Alt.1: transferring ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 
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