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

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

In this contribution, we provide our views on network verified UE location.
Discussion
Definition of UE and gNB Rx-Tx time difference
In NR NTN network verifying UE location with multi-RTT positioning method, the definitions of UE Rx-Tx time difference and gNB Rx-Tx time difference were examined in last two RAN1 meetings. 

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(RTT) in NTN is much larger than that in TN, and the assumption made in TN that RTT is less than 0.5 ms (or 150 km) is no longer valid for NTN.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 definition in NTN was identified in RAN1 #112 meeting. Here, Option 4 of UE Rx-Tx time difference definition is excluded according to the agreement made in RAN1 #112bis-e meeting.
 
Both Option 1 and Option 3 largely reuse the legacy definition of UE Rx-Tx time difference as in [5]. In Option 1, the major difference is that  is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP. In Option 3, the major difference is an additional report of offset is conducted. These definitions extend the legacy definition for the case where RTT is larger than 1 ms, which are straightforward. These two options were merged in Alt 1 in RAN1 #112bis-e meeting. 

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 downlink positioning RS reception and uplink SRS transmission. This option is a part of Alt 2 and Alt 3 in the agreement made in RAN1 #112bis-e meeting. 

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 definition in NTN was identified. Here, Option 1 and Option 3 of gNB Rx-Tx time difference definition is excluded according to the agreement made in RAN1 #112bis-e meeting. 

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. This option is a part of Alt 1 and Alt 2 in the agreement made in RAN1 #112bis-e meeting. 

Option 4 for gNB Rx-Tx time difference definition is associated with Option 2 of UE Rx-Tx time difference. The gNB needs to report the actual timing difference between downlink positioning RS transmission and uplink SRS reception. This option is a part of Alt 3 in the agreement made in RAN1 #112bis-e meeting.  

Among these 3 alternatives of UE Rx-Tx time difference and gNB Rx-Tx time difference, we think Alt 1 has the least specification impact as it largely reuses the legacy definitions. 

Due to large timing drift in NTN, the length of each slot may vary. Hence, it should be avoided to use the number of slots as a metric to represent UE Rx-Tx time difference. 

According to [6], for UE Rx-Tx time difference measurements, UE transmits SRS within [-160, 160] ms of at least one DL PRS resource of each of the TRPs in the assistance data. This 160 ms gap results in 11.28 µs time drift, based on the maximum 70.5 µs/s timing drift rate assumed in NR NTN. This 11.28 µs time drift implies UE positioning error is 3384 meters. This UE positioning error due to large timing drift rate in NR NTN is large, even the required UE location verification granularity is in a few kilometers. To largely reuse the legacy definitions of UE Rx-Tx time difference and gNB Rx-Tx time difference while satisfying the reliability of network verifying UE location, it is required that UE transmits SRS within a shorter time duration (i.e., less than 160 ms) around one DL PRS resource. 

Furthermore, 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. To mitigate the impact of satellite movement in multi-RTT positioning method for NTN, the time gap between UE receiving DL PRS and transmitting UL SRS should be restricted from 160 ms.   

Proposal 1: For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 

Proposal 2: For network verifying UE location, UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource, to address the positioning error due to large timing drift rate and satellite movement in NTN. 

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 [7] (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. [7]). 

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 3: 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 .

Positioning reference point for 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 4: 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. 

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 satellite 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.  

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, adopt UE Rx-Tx time difference definition based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 

Proposal 2: For network verifying UE location, UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource, to address the positioning error due to large timing drift rate and satellite movement in NTN. 

Proposal 3: 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 4: 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 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 satellite 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.  
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