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Introduction
In RAN#98 meeting, the following WID objective was defined for network-verified UE location [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 the RAN1#114bis meeting [2], the following was agreed on NW-verified UE location:

	Agreement
The actual index difference between subframe j and subframe i defined in RAN1#114 agreement on UE Rx-Tx time difference is reported in 10 bits with a value range up to 542 subframes.
Working assumption
The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported with the following range, granularity, and bits allocation:
[image: ]
Agreement
For network verified UE location in NTN common TA, parameters (ta-Common, ta-CommonDrift, ta-CommonDriftVariant, Epoch time) can be reported from gNB to LMF.



In this contribution we discuss remaining issues on network verified UE location.
[bookmark: _Hlk510705081]Discussion
UE Rx-Tx time difference subframe offset
In RAN1#114 meeting, the following agreement was made regarding the definition of UE Rx-Tx time difference measurements in NTN:
	Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following:
· UE reports the actual index difference between subframe j and subframe i
· The uplink subframe j is closest in time to the DL subframe #i received from the TP.
· The DL timing due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported.



The agreement was captured in TS38.214 and TS38.215 to include the reporting of an offset that is determined based on the subframe index difference between the uplink subframe #j which is closest in time to the subframe where the PRS is received (i.e., downlink subframe #i) and the UE transmit uplink subframe #i. Figure 1 shows an illustration of the subframe index difference between uplink subframe #i and uplink subframe #j (in black). Note that the difference between uplink subframe #j and downlink subframe #i (in orange) correspond to the legacy definition of UE Rx-Tx time difference measurement defined in TS38.215 (Clause 5.1.30).
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[bookmark: _Ref149568005]Figure 1 UE Rx-Tx time difference subframe offset according to RAN1 agreements.

During the last RAN1#114bis meeting, the following TP was endorsed to include the agreed UE Rx-Tx time difference subframe offset in the TS38.215. 
	--- unchanged text omitted ---
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	Definition
	UE Rx – Tx time difference offset is the actual index difference between subframe #j and subframe #i of the subframes used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18].

UE Rx – Tx time difference subframe offset is the index difference which represents the number of subframes between the uplink subframe #j and the uplink subframe #i, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18] as defined in Clause 5.1.30 and i is the index of the DL subframe used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30.
For frequency range 1, the reference point for UE Rx – Tx time difference subframe offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point UE Rx – Tx time difference subframe offset measurement shall be the same antenna as defined in Section 5.1.30 for of the UE Rx – Tx time difference measurement.


	Applicable for
	RRC_CONNECTED



--- End of change ---



Despite the text proposal may capture the definition of the UE Rx-Tx time difference subframe offset, in our understanding, the description of the offset could be updated to a more concise text for clarification. The consequence for not adopting a new wording is an unclear specification text that may lead to erroneous implementation. 
Observation 1: Current wording of the UE Rx-Tx time difference subframe offset may lead to unclear specification.
Proposal 1: Adopt the following TP for TS38.215 clause 5.1.46 including reason for change and consequences if not approved.
Summary of change: Clarification of the definition of the UE Rx-Tx time difference subframe offset.
Consequences if not approved: There may be uncertainty with respect to which value the UE should be reporting as the UE Rx – Tx time difference subframe offset.
	Definition
	UE Rx – Tx time difference subframe offset is the index difference which represents the number of subframes between the uplink subframe #j and the uplink subframe #i, where uplink subframe #j is the closest in time to the DL subframe #i received from a transmission point (TP) [18] as defined in Clause 5.1.30 and i is the index of the DL subframe used for the UE Rx – Tx time difference measurement as defined in Clause 5.1.30.
UE Rx – Tx time difference subframe offset is defined as the index difference between  and  
Where:
 is the subframe index of the uplink subframe #j that is closest in time to the downlink subframe #i received from the Transmission Point (TP) [18] for the UE Rx-Tx time difference measurement. 
 is the subframe index of the uplink subframe #i.
NOTE1: uplink subframe #j is the subframe used for the determination of  as defined in Clause 5.1.30.
NOTE2: downlink subframe #i is the subframe used for the determination of  as defined in Clause 5.1.30.
For frequency range 1, the reference point for UE Rx – Tx time difference subframe offset measurement shall be the same antenna connectors as defined in Clause 5.1.30 for the UE Rx – Tx time difference measurement. For frequency range 2, the reference point UE Rx – Tx time difference subframe offset measurement shall be the same antenna as defined in Section 5.1.30 for the UE Rx – Tx time difference measurement.


	Applicable for
	RRC_CONNECTED



DL timing drift reporting
Apart from the UE Rx-Tx time difference subframe offset, it was also agreed that the UE would report to the LMF the DL timing drift. There was no final agreement on the form of the DL timing drift, but the following working assumption was proposed for support:
	Working assumption
The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported with the following range, granularity, and bits allocation:
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This section discusses the validity of the DL timing drift range and its granularity for LEO deployments. Due to high-speed movement of LEO satellite systems, the DL signals will expand or shrunk at the receiver of UE. Given the case where a satellite transmits a certain channel/signal with perfect separation of e.g., 20 ms. Due to satellite’s displacement, the signal that is transmitted 20ms later would travel through a difference propagation distance, and hence, there would a “timing shift” on the DL received signal. 
The following tables capture simulation results on the time drift for a LEO satellite at 600 km, 550km and 500km altitude. The timing drift rate corresponds to a satellite at 10- and 30-degree elevation angles. Furthermore, the timing shift is given for the measurement periods of 20, 40, 80 and 160 ms. For the commented cases, Table 1 shows the one-way propagation time, time drift rate (1st order) and the drift rate variation, while Table 2 contains the time shift for the different measurement periods. Note that even though the LEO-550 and LEO-500 cases have not been considered in 3GPP, it is a reasonable assumption considering existing LEO satellite deployments. For that reason, we aimed at assessing the value range against these orbit cases too.
In Table 1, the time drift rates (1st and 2nd order) are given. For the case when the satellite is at 10-degree elevation angle, the time drift rate (1st order) corresponds to 22.7053 µs/s, 22.9515 µs/s and 23.2023 µs/s for LEO-600, LEO-550 and LEO-500, respectively. The most restrictive case (i.e., LEO-500 with a satellite speed of 7.616 km/s) shows a time drift below the maximum value of the proposed value range (i.e., 26.5 µs/s). Thus, in our understanding, the value range (and its corresponding granularity) could be supported.
Observation 2: For a LEO satellite at 500 km altitude, the time drift rate (1st order) at 10-degree elevation angle corresponds to 23.2023 µs/s, which is within the proposed value range (+/- 26.5 µs/s).
Proposal 2: Support the working assumption that considers value range, granularity, and number of bits allocation for the reporting of the DL timing drift due to Doppler over the service link.
 
Table 1 Time drift rates and drift rate variations for one-way (LEO-to-UE) propagation.
	LEO 600 km

	LEO elevation
	10⁰
	30⁰

	One-way propagation time
	6.4451 ms
	3.5864 ms

	Time drift rate (1st order)
	-22.7053 µs/s
	-19.9667 µs/s

	Drift rate variation (2nd order)
	0.0068 µs/s2
	0.0495 µs/s2

	LEO 550 km

	LEO elevation
	10⁰
	30⁰

	One-way propagation time
	6.0562 ms
	3.3118 ms

	Time drift rate (1st order)
	-22.9515 µs/s
	-20.1832 µs/s

	Drift rate variation (2nd order)
	0.0071 µs/s2
	0.0538 µs/s2

	LEO 500 km

	LEO elevation
	10⁰
	30⁰

	One-way propagation time
	5.6540 ms
	3.0337 ms

	Time drift rate (1st order)
	-23.2023 µs/s
	-20.4037 µs/s

	Drift rate variation (2nd order)
	0.0075 µs/s2
	0.0588 µs/s2



Table 2 Time shifts due to satellite movement for measurement periods of 20, 40, 60 and 160 ms.
	LEO 600 km

	
	Elevation 10⁰
	Elevation 30⁰

	20 ms interval [µs]
	0.4541
	0.3993

	40 ms interval [µs]
	0.9082
	0.7986

	80 ms interval [µs]
	1.8164
	1.5972

	160 ms interval [µs]
	3.6328
	3.1940

	LEO 550 km

	
	Elevation 10⁰
	Elevation 30⁰

	20 ms interval [µs]
	0.4590
	0.4037

	40 ms interval [µs]
	0.9181
	0.8073

	80 ms interval [µs]
	1.8361
	1.6145

	160 ms interval [µs]
	3.6722
	3.2286

	LEO 500 km

	
	Elevation 10⁰
	Elevation 30⁰

	20 ms interval [µs]
	0.4640
	0.4081

	40 ms interval [µs]
	0.9281
	0.8161

	80 ms interval [µs]
	1.8562
	1.6321

	160 ms interval [µs]
	3.7123
	3.2638



As indicated above, the timing drift rates associated with the UE RX-TX time difference measurements are the drift rates between uplink subframe #j and uplink subframe #i. The overhead of reporting these drifts should be considered, as this is uplink signalling and throughput in the uplink are limited. 

Observation 3: The reporting of the timing drift is uplink signalling and overhead should be minimized.
The following could be considered to minimize such overhead:
1. A minimum value for the timing drift below which nothing is reported. In previous versions of the specification, for legacy UEs, the autonomous compensation of the UE could be as high as Tq in Table 7.1.2.1-1 of [38.133], and that would not impact the UE accuracy of the reporting. Based on legacy behavior, if the adjustments are inferior to Tq within the measurement period, there is no need for reporting the UE Rx-Tx time difference (accuracy is not affected). 
2. A maximum value can be considered indicating that the timing drift is larger than a certain quantity. If this is reported, RAN can ask for new measurements and ignore the UE RX-TX measurement. This can be for instance used if there is a PCI unchanged based satellite switch or when the feeder link time drift is leading to big adjustment in the timing adjustment of the UE. 

Proposal 3: RAN1 to decide that for cases where the sum of the drift rates is below Tq, nothing is reported.
Proposal 4: UE Rx-Tx time difference measurements may be erroneous if the timing drift estimated by the UE exceeds a maximum value. 
LMF estimation of the feeder link delay
For the estimation of the feeder link delay, the following agreement was made: 
	Agreement
For network verified UE location in NTN common TA, parameters (ta-Common, ta-CommonDrift, ta-CommonDriftVariant, Epoch time) can be reported from gNB to LMF.



In the agreement above, the parameters broadcast for the estimation of the feeder link round trip time are reported from the gNB to LMF. Note that this information only flows from the gNB side, excluding the UE. This means that the LMF will not have information on the latest system information block (SIB) that the UE acquired and hence, of the assistance information that the UE used when performing the UE Rx-Tx timing difference measurement. This may lead to a potential timing misalignment and lower positioning accuracy. 
Observation 4: Given that feeder link parameters are only reported by the gNB, the LMF cannot know the satellite assistance information used by the UE while performing the UE Rx-Tx timing difference measurement.
In our understanding, the reporting to the LMF of the epoch time by the UE could help to mitigate the error propagation.
Proposal 5: The UE shall include in the measurement report the epoch time used when performing the UE Rx-Tx timing difference measurement.

Conclusion
The following observations and proposals are made in this document:
Observation 1: Current wording of the UE Rx-Tx time difference subframe offset may lead to unclear specification.
Observation 2: For a LEO satellite at 500 km altitude, the time drift rate (1st order) at 10-degree elevation angle corresponds to 23.2023 µs/s, which is within the proposed value range (+/- 26.5 µs/s).
Observation 3: The reporting of the timing drift is uplink signalling and overhead should be minimized.
Observation 4: Given that feeder link parameters are only reported by the gNB, the LMF cannot know the satellite assistance information used by the UE while performing the UE Rx-Tx timing difference measurement.

Proposal 1: Adopt the following TP for TS38.215 clause 5.1.46 including reason for change and consequences if not approved.
Proposal 2: Support the working assumption that considers value range, granularity, and number of bits allocation for the reporting of the DL timing drift due to Doppler over the service link.
Proposal 3: RAN1 to decide that for cases where the sum of the drift rates is below Tq, nothing is reported.
Proposal 4: UE Rx-Tx time difference measurements may be erroneous if the timing drift estimated by the UE exceeds a maximum value. 
Proposal 5: The UE shall include in the measurement report the epoch time used when performing the UE Rx-Tx timing difference measurement.
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