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Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #98e meeting [2].

In RAN1 #112 meeting [3], [4], the following has been agreed on the topic of network verified UE location.

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 positioning
· Other 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.

In this contribution, we provide our views on network verified UE location.
Discussion
Definition of UE Rx-Tx time difference
In NR NTN network verifying UE location with multi-RTT positioning method, the definition of UE Rx-Tx time difference was examined in last RAN1 meeting. It was concluded that for NR NTN, the definition of UE Rx-Tx time difference needs to be updated from legacy definition for terrestrial network. This is because the round-trip time (RTT) in NTN is much larger than that in TN, and the assumption made in TN that RTT is less than 0.5 ms (or 150 km) is no longer valid for NTN. A total of 4 options for enhancing UE Rx-Tx time difference in NTN was identified. 

Option 1 reuses the framework of legacy definition of UE Rx-Tx time difference as in [5]. One major difference is that  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP. This definition extends the legacy definition for the case where RTT is larger than 1 ms, which is a straightforward definition. 

Another difference between Option 1 and legacy definition is modifying “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.” to “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.”. This modification is necessary since the duration of neighbor subframes with DL RS could be different, due to Doppler shift.

Option 2 is quite different from the legacy definition of UE Rx-Tx time difference. The UE needs to report the actual timing difference between DL RS reception and uplink SRS transmission. This implies that gNB reporting needs to be adjusted accordingly (i.e., Option 4 for gNB Rx-Tx time difference). This definition involves significant specification change, and hence is not preferred.

Option 3 largely reuses the legacy definition of UE Rx-Tx time difference. The main difference is an additional report of offset is conducted in Option 3. Since NR NTN network verifying UE location has a much coarse accuracy requirement than that for TN, the granularity of UE Rx-Tx time difference could be much larger in NR NTN. Hence, even the legacy definition of UE Rx-Tx time difference is adopted for NTN, its granularity can be relaxed. 

In Option 4, the UE Rx-Tx time difference is derived from timing advance (TA), rather than the detection of the first detected path in time of a downlink subframe. Note that UE’s TA is obtained based on UE’s GNSS measurement. Since the motivation of network verified UE location is that UE reported location based on GNSS measurement could be erroneous, UE’s TA is likely to be faked and untrusted. According to WID on the fifth note of the objective of network verified UE location, the enhancements may be subject to relevant SA WGs feedbacks on the reliability of UE reports involved. Without SA WGs feedbacks on the reliability of UE TA, we think Option 4 should be deprioritized. Finally, this option has significant specification impact, as the definition of UE Rx-Tx time difference is largely changed. 

Overall, we prefer Option 1 due to its small specification impact and low signaling overhead, while Option 3 can also be considered. 

Proposal 1: For network verifying UE location, the UE Rx-Tx time difference is defined as , where  is the UE received timing of downlink subframe #i from a transmission point (TP), defined by the first detected path in time;  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP (Option 1). 

In WID on the objective of network verified UE location, the third note indicates that the target accuracy for position verification purpose is as documented in [6] (i.e., 10 km granularity). The terrestrial macro cell size is assumed to be up to 5-10 km. This cell size is generally accurate enough to support the regulatory services (e.g., lawful intercept, public warning, charging/billing). A smaller accuracy in network verified UE location is unnecessary and will raise a serious UE privacy concern. Hence, it is desirable to limit the lower bound of network verifying UE location. 

If the definition of UE Rx-Tx time difference follows Option 1, then value range of UE Rx-Tx time difference is lower bounded by 0 ms since uplink timing is always earlier than downlink timing at UE side. The upper bound of UE Rx-Tx time difference uses the largest RTT for GEO scenario, which is 541 ms (cf. [6]). 

In terrestrial network, the resolution step of reported UE Rx-Tx time difference is , where  for FR1 and . The largest resolution step is . This implies the quantization error of 16 ns or 4.8 meters. In NR NTN network verifying UE location, the positioning error could be in the unit of kilometers. Hence, the resolution step can be extended from nano-seconds to micro-seconds, e.g., . 

Proposal 2: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference has value range between [0ms, 541 ms] or [0, 1,062,868,369*Tc], and has resolution step in .

Definition of gNB Rx-Tx time difference
In TN with multi-RTT positioning method, the distances between a UE and multiple gNBs are measured. The positioning reference point is clearly at gNBs. 

In NR NTN, the positioning reference point for the definition of gNB Rx-Tx time difference measurement was discussed in last RAN1 meeting. Three options were identified including onboard satellite, the uplink time synchronization reference point and gNB. 

Note that in TN, the gNB is generally uplink time synchronization reference point, i.e., the uplink timing is generally aligned with the downlink timing at gNB. This leads to a small value of gNB Rx-Tx time difference. 

Similarly in NTN, if the positioning reference point is set at the uplink time synchronization reference point, then the value range of gNB Rx-Tx time difference is also like that in TN. This has the least specification impact. 

If the positioning reference point is set at satellite, then gNB Rx-Tx time difference actually includes the common TA (or the RTT between satellite and uplink time synchronization reference point). This common TA will be removed in LMF’s calculation, based on additional common TA report from gNB. 

If the positioning reference point is set at gNB, then gNB Rx-Tx time difference actually includes  (or the RTT between gNB and uplink time synchronization reference point). This  will be removed in LMF calculation, based on additional  report from gNB. 

Overall, for less specification impact and lower signaling overhead, we think the positioning reference point for definition of gNB Rx-Tx time difference measurement is set at uplink time synchronization reference point. 

Proposal 3: For network verifying UE location, the position of the referent point for definition of gNB Rx-Tx time difference measurement is set as the uplink time synchronization reference point. 

In NR NTN network verifying UE location with multi-RTT positioning method, the definition of gNB Rx-Tx time difference was examined in last RAN1 meeting. A total of 4 options for enhancing gNB Rx-Tx time difference in NTN was identified. 

Option 1 reuses the framework of legacy definition of gNB Rx-Tx time difference as in [5]. One major difference is that  is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE. This definition extends the legacy definition for the case where the gNB Rx-Tx time difference is larger than 0.5 ms. However, if the positioning reference point is set at uplink time synchronization reference point, then such an extension is unnecessary. 

Option 2 largely reuses the legacy definition of gNB Rx-Tx time difference. The only change is modifying “Multiple SRS resources can be used to determine the start of one subframe containing SRS” to “Only the SRS resource starting within a subframe can be used to determine the start of the subframe.” This modification is necessary since the duration of neighbor subframes with SRS could be different, due to Doppler shift.

Option 3 largely reuses the legacy definition of gNB Rx-Tx time difference. The main difference is an additional report of offset is conducted in Option 3. This additional report of offset is to cover the case where the gNB Rx-Tx time difference is larger than 0.5 ms. However, if the positioning reference point is set at uplink time synchronization reference point, then this offset is unnecessary. 

Option 4 for gNB Rx-Tx time difference is associated with Option 2 of UE Rx-Tx time difference. It has significant specification change and is not preferred. 

Overall, we think only the minor modification of gNB Rx-Tx time difference as in Option 2 is needed. Hence, we have the following proposal. 

Proposal 4: For network verifying UE location, the gNB Rx-Tx time difference is defined as , where  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;  is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE, where only the SRS resource starting within a subframe can be used to determine the start of the subframe (Option 2). 

If the definition of gNB Rx-Tx time difference follows Option 2, then value range of gNB Rx-Tx time difference also follows the legacy definition, i.e., from to . 

Proposal 5: For network verifying UE location with the definition of gNB Rx-Tx time difference following Option 2, the reported gNB Rx-Tx time difference has the same value range as in terrestrial network.

Triggering of multi-RTT positioning method
In the evaluation of network verifying UE location with single satellite in view, it was observed by several companies that for a UE located near the orbital plane of a satellite, it is hard to simultaneously satisfy the accuracy requirement (e.g., 10 km), the latency requirement (e.g., less than 60 second), or reliability requirement (e.g., 90% probability). This observation applies to both multi-RTT positioning method and DL-TDoA positioning method. The main reason of this performance degradation is the large overlapping area between rings from multiple RTT measurements or RSTD measurements. It seems that this issue results from the nature of physics and is hard to be addressed. Instead of verifying UE location with low accuracy, larger latency, or low reliability, we prefer that network does not verify UE location if the UE is located near satellite orbit region. 

It was concluded that geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verifying UE location based on multi-RTT. 

In general, it is reasonable that the network verifying UE location procedure is not applied to a UE near satellite orbit region. Specifically, it is LMF’s decision not to trigger multi-RTT positioning procedure to verify a UE’s location in case the UE’s reported location is near satellite orbit region. On the other hand, this LMF’s decision may be synchronized with UE so that UE does not expect to perform network verifying UE location procedure if it is near satellite orbit region.  

Proposal 6: The network verifying UE location procedure is not applied to a UE near satellite orbit region. 
· Further examine whether or not this decision is transparent to UE. 

Information to be transferred from gNB to LMF
In NR terrestrial network positioning methods, it is generally assumed that at least three gNBs are involved in the positioning procedure. For example, the distances between a UE and three gNBs are calculated. Based on the geographic locations of these three gNBs, the UE location is estimated. 

In NR NTN deployment, a UE is likely covered by only a single satellite. According to WID [2], RAN is 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. In NTN NGSO scenario, serving satellite moves, which creates a series of virtual gNB locations. This facilitates the reuse of RAT dependent positioning framework. 

In terrestrial network positioning procedure, the locations of gNBs are fixed. The geographical coordinates information of gNBs are reported to LMF. In NTN NGSO scenario, the serving satellite keeps moving. Reporting of satellite’s geographical coordinates information at different time instants to LMF will be inefficient. Instead of multiple satellite’s geographical coordinates information report, gNB reports to LMF the satellite ephemeris information. 

Proposal 7: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.

In terrestrial network with multi-RTT positioning method, gNB makes PRS transmissions and UE measures the timing of receiving PRS. Subsequently, UE makes SRS transmissions and gNB measures the timing of receiving SRS. Both UE and gNB report their respective Rx-Tx time differences to LMF. The geographical location of gNB is known to LMF beforehand. 

In NTN network verifying UE location using multi-RTT method, the similar procedure is applied. Besides gNB reporting satellite ephemeris information to LMF, gNB additionally reports the satellite timing of PRS transmission and SRS reception. With satellite ephemeris information and the satellite timing of PRS transmission and SRS reception, LMF can obtain satellite’s geographical location when transmitting PRS and receiving SRS. 

Proposal 8: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the timing of SRS reception. 

Mirror position ambiguity 
In WID on the objective of network verified UE location, the sixth note indicates the enhancements should take into account the mirror-image ambiguity. Note that in both multi-RTT method and DL-TDoA method, the mirror-image ambiguity always exists. LMF cannot distinguish the two UE locations symmetric to the satellite orbit. 

In RAN1 #112 meeting, a list of options to resolve the mirror positions ambiguity for multi-RTT positioning methods was identified. 

Among these options, we think Option 1 is the simplest and has less specification impact. In our view, the mirror-image ambiguity can be addressed by gNB measuring the angle of arrival (AoA) of uplink signals. This measurement is based on gNB implementation. gNB reports this angle of arrival information to LMF. 

Proposal 9: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  

Others
In terrestrial network with multi-RTT positioning method, gNB is assumed to have a fixed location and the distance between gNB and UE does not have a significant change during a single RTT measurement. 

However, in NTN, a satellite speed is up to 7.8 km/s. In other words, the distance between UE and satellite may change during each single RTT measurement. This distance change affects the accuracy of UE location estimation, which needs to be taken into account in the multi-RTT positioning method. One way to mitigate the impact of satellite movement in multi-RTT positioning method for NTN is to restrict the time gap between UE receiving DL PRS and transmitting UL SRS. 

Proposal 10: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

Conclusion
In this contribution, we provided our views on network verified UE location for NR NTN. Our proposals are as follows:

Proposal 1: For network verifying UE location, the UE Rx-Tx time difference is defined as , where  is the UE received timing of downlink subframe #i from a transmission point (TP), defined by the first detected path in time;  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP (Option 1). 

Proposal 2: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference has value range between [0ms, 541 ms] or [0, 1,062,868,369*Tc], and has resolution step in .

Proposal 3: For network verifying UE location, the position of the referent point for definition of gNB Rx-Tx time difference measurement is set as the uplink time synchronization reference point. 

Proposal 4: For network verifying UE location, the gNB Rx-Tx time difference is defined as , where  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;  is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE, where only the SRS resource starting within a subframe can be used to determine the start of the subframe (Option 2). 

Proposal 5: For network verifying UE location with the definition of gNB Rx-Tx time difference following Option 2, the reported gNB Rx-Tx time difference has the same value range as in terrestrial network.

Proposal 6: The network verifying UE location procedure is not applied to a UE near satellite orbit region. 
· Further examine whether or not this decision is transparent to UE. 

Proposal 7: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.

Proposal 8: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the timing of SRS reception. 

Proposal 9: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  

Proposal 10: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 
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