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[bookmark: _Ref178064866]In last RAN#98 meeting, the WID objective for NTN verfied UE location has been consolidated as follows [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 this contribution, we discuss the design solutions for mutli-RTT based NTN positioning. Moreover, we study the impact by clock drift for DL-TDOA based NTN positioning. Finally, we discuss the potential solutions to address the mirror-image ambiguity.  
Discussion 
Multi-RTT based positioning
The idea behind the multi-RTT based positioning is to let UE report the measured UE Rx-Tx time difference via recevied PRS and let the gNB report the measured gNB Rx-Tx time difference via received SRS, which may be used to derive the RTT. By obtaining the RTT corresponding to different time instance, the LMF may derive the UE position by finding the intersection point among three circules as depicted in Fig. 1. 


Fig. 1: multi-RTT positioning principle
In TN system, the UE Rx-Tx time difference is calcuated based on received PRS and the UE Rx-Tx time difference specified in TS38.215, the time difference is calcualted by TUE-RX-TUE-TX that defines the Tx timing as the closest to the Rx timing where the Rx timing is when UE detects the PRS. This can be translated to a graphic illustration as shown in Fig. 2. 
	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.



[image: ]
Fig. 2: UE Rx-Tx time difference
From the figure, it is clearly seen that the UE reported Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting. Moreover, in TN system, the RTT time is always with a subframe duration, thus, when UE determines the subframe #j, it naturally finds the subframe #i. However, when it comes to NTN system, where the RTT duration ranges up to more than 500 ms [2] , therefore, with the same  TUE-TX definition the UE may determine a subframe #j far different from the subframe #i, which is equivalent to performing a modulo operation on the Rx-Tx time difference leading to a non-accurate time difference. Thus, for NTN system, in addition to the UE Rx-Tx time difference, the UE should also report the subframe index and the SFN index for which the UE determines the TUE-TX.
Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.
In RAN1#112 meeting, the following agreements were made， where four option 4 are listed as the candidate solutions for UE 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




From our views, option 1 and option 3 keep the same R17 principle and conceptually speaking these two options are quite similar, the only difference is the reporting quantity. For option 1 the UE directly calculate the Rx-Tx time difference; while for option 3, an additional offset is separately calculated, which is combined with the legacy R17 Rx-Tx time difference to result in a similar amount as if the UE uses option 1. In this respect, these two options are not of much difference. 
Observation 2: option 1 and option 3 are conceptually similar only with the difference on report quantity. 
The option 2, although we see the motivation the option, however, it changes completely the R17 positioning baseline, which is not desirable. 
The option 4 lacks of necessary DL and UL synchronization error correction, if the UE directly reports the calculated TA as we explained previously together with our depicted figures. 
Observation 3: although option 2 can provide LMF the RTT estimation, it changes the R17 baseline, which is not necessary, given option 1 and 3 can also achieve the same goal. 
Observation 4: Option 4 clearly lacks of information about the DL and UL synchronization error correction. 
Proposal 1: adopt option 1 or option 3 for UE Rx-Tx time difference measurement. 
For gNB Rx-Tx time difference calculation, in RAN1#112 meeting the following agreement was made:
	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



The gNB Rx-Tx time difference is not needed to be changed and reusing R17 definition is a preferred way-forward. In addition, different from terrestrial network, the satellite movement should be considered. This is in particular important for UL synchronization error correction,which was supposed to be estimated by gNB Rx-Tx time difference. This is due to the fact that the UE may adjust the DL and UL timing between the TUE-TX time and the SRS transmit time. Therefore, it would be needed for the UE to also report the time difference between the TUE-TX and SRS transmit time. 
Proposal 2: gNB Rx-Tx time is resuing R17 definition without change, the reference point should be on the gNB side. 
Proposal 3: UE needs to report the time difference between the TUE-TX and SRS transmit time.
DL-TODA based positioning
During the SI phase and also included in the WID that the DL-TDOA method can be considered if the clock drift issue can be resoved. The issue on the clock drift was brought up in the last meeting and it was not fully discussed due to the lack of time. From our understanding, it is true that the UE clock may be drifted from the reference clock during the running, however, the drift can be corrected when the UE performs DL synchronization. It means that the drift is not countinously increased to infinity as shown in Fig. 4, where the clock drift may attend a maximum value before the DL synchronization corrects it and then it goes up from zero again. The maximum interval for the UE to perform DL synchronization is impacted by the configured SSB burst period. For example, for the maximum period supported in the specification is 160 ms, which leads to the value of the max drift being +/- 0.1ppm*160ms = +/-16 ns.  In a common case where the SSB burst period being 20 ms, the measurement error due to clock drift can be reduced to +/- 2 ns. This does not impact the DL-TDOA performance observation. 
  [image: ]
Fig. 4: clock drift evoluation over time
Observation 5: the measurement error due to clock drift is smaller than +/- 16ns. With common case of 20 ms SSB period, the measurement error is reduced to +/- 2 ns. 
Proposal 4: RAN1 confirms that the clock drift issue does not impact the  RAN1 DL-TDOA performance observation made in RAN1#111. 
Mirror-image ambiguity
Another issue pointed out by the SI phase and also included in the WID is the mirror-image ambiguity introduced by multi-RTT based positioning method. As shown in Fig. 5, where if the satellite beam coverage covers the actual position and its mirror position, the ambiguity occurs. Of course, the satellite vendors may use implmenetation to avoid such ambiguity by splitting the stallite beam according to the center line, which is the satellite orbit plan projection on the earth. But it may not be always possible. 
[image: ]
Fig. 5: mirror-image ambiguity
To addrsss this ambiguity issue we study the following options:
Option 1: when the mirror ambiguity occurs, the LMF may verify both positions compared with the reported UE location, when both positions are failed for the verification, the LMF deems the reported UE location is not verfied, otherwise, the UE reported location is considered to be verified. This option is the simplest solution and it can be left for LMF implementation.
Observation 6: the mirror-image ambiguity can be resolved if the LMF verifies both actual and mirror positions with the UE reported location. This can be left for LMF implementation without RAN1 enhancement. 
Option 2: relying on UL-AOA, the satellite measures the AOA of UE UL transmission and then differentiate between the actual position and mirror position. However, compared with TN system, the UL-AOA is performed by satellite instead of by gNB. Therefore, an essential question is that there needs a link between satellite and gNB for the satellite to report the measurement result to the gNB. But according to the NTN architecture for transparent payload, it is not clear whether the exxistance of such link is a common understanding. 
Observation 7: Relying UL-AOA to resolve the ambiguity issue depends on whether there exists the link for the satellite to report the measurement results to gNB. 
Option 3: using ECID method by generating two CSI-RS beams pointing to mirror and actual positions, respectively. Then UE can report the received RSRP of these beams to the gNB or LMF. The LMF can remove the mirror ambiguity based on the RSRP of the two beams. This solution has already been supported. It seems that no further RAN1 enhancement is needed. 
[image: ]
Fig. 6: ambiguity removed by CSI-RS beams and RSRP reporting
Observation 8: Relying on UE reporting RSRP of received CSI-RS beams to make LMF able to clear the ambiguity is already supported by ECID method. 
Proposal 5: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  
Conclusion
In this contribution we discussed the design details for NTN verified UE location with the following observations and proposals:
Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.
Observation 2: option 1 and option 3 are conceptually similar only with the difference on report quantity. 
Observation 3: although option 2 can provide LMF the RTT estimation, it changes the R17 baseline, which is not necessary, given option 1 and 3 can also achieve the same goal. 
Observation 4: Option 4 clearly lacks of information about the DL and UL synchronization error correction. 
Observation 5: the measurement error due to clock drift is smaller than +/- 16ns. With common case of 20 ms SSB period, the measurement error is reduced to +/- 2 ns. 
Observation 6: the mirror-image ambiguity can be resolved if the LMF verifies both actual and mirror positions with the UE reported location. This can be left for LMF implementation without RAN1 enhancement. 
Observation 7: Relying UL-AOA to resolve the ambiguity issue depends on whether there exists the link for the satellite to report the measurement results to gNB.
Observation 8: Relying on UE reporting RSRP of received CSI-RS beams to make LMF able to clear the ambiguity is already supported by ECID method. 
Proposal 1: adopt option 1 or option 3 for UE Rx-Tx time difference measurement. 
Proposal 2: gNB Rx-Tx time is resuing R17 definition without change, the reference point should be on the gNB side. 
Proposal 3: UE needs to report the time difference between the TUE-TX and SRS transmit time.
Proposal 4: RAN1 confirms that the clock drift issue does not impact the  RAN1 DL-TDOA performance observation made in RAN1#111. 
Proposal 5: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  
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