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1 Introduction
In RAN#98 [1], the revised WID on NR NTN enhancements was endorsed. The outcome of the RAN-level study phase was a new TR 38.882.
RAN#100 Decision: NW-verified UE Location: Milestone at RAN#101 to complete the work (or remove if not completed)
[bookmark: _Hlk142598165]RAN1 to focus on Alt1 for the combination of “UE and gNB receive-transmit time difference measurements” i.e.
· 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

[bookmark: _Hlk134798204]2 Details of Alt 1 UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference
Based on RAN#100 decision, RAN1 to focus on UE Rx-Tx time difference in NTN for Option 3.  The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1: “UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215” is adopted. 
We copy RAN1#112 agreements for UE Rx-Tx time difference Option 3 and Alt 1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215below:
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)
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account




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
· 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














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.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account


In Rel-16, DL-PRS is received within measurement gap. During the gap, uplink transmission is suspended. After the gap or before the gap, SRS could be transmitted. If gap length is 6ms, then the transmission time difference between DL-PRS and SRS could be 6ms. The accuracy requirement for the transmission time difference between DL-PRS and SRS is in range [-160ms and 160ms]. For NTN, the network should configure DL-PRS for DL RTT measurements and SRS for UL RTT measurements as close as possible. 

At a minimum the network could link or pair the configuration of DL PRS and UL SRS so that DL PRS and UL SRS are 6ms apart using R16 legacy multi-RTT NR positioning. For satellite deployment, with a maximum delay drift in the order of 100 us/s, even a gap of 6 ms would result in a very large time error in the order of 6 us. For NTN, knowing the UE-specific TA from TA report based on Option 3-3 (i.e. 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), the network can configure UL SRS to be transmitted before the DL PRS is received at the device, or at the time the DL PRS is received at the device. This effectively means that with this new functionality, the gap between DL PRS and UL SRS can be close to 0 ms. 

Observation 1: if the network can configure UL SRS to be transmitted at the time the DL PRS is received at the device, the gap between DL PRS and UL SRS can be close to 0 ms.

Proposal 1: For Option 3, knowing the UE-specific TA from TA report based on Option 3-3, the network can link / pair the configuration of UL SRS and DL PRS so that the UL SRS is transmitted at the time the DL PRS is received at the device.
Though RAN#100 agreement does not recommend to consider Option 4 , UE Rx–Tx time difference TUE-RX – TUE-TX  directly derived from timing advance TTA, it would seem a low hanging fruit to report the TA using the UE Rx–Tx time difference measurement report without any further specification effort. This would mean that scheduling of DL PRS by the network and measurements in the device can be avoided all together. 

UE Rx – Tx time difference legacy R16 granularity is assumed for the report of UE Rx-Tx time difference directly derived from the timing advance, TTA, (i.e., Granularity of absolute RxTxTimeDiff report is 1, 2, 4, 8, 16, 32 * Tc based on k=0, 1, 2, 3, 4, 5 value in TS 38.133 clause 10.1.25.3.1). The UE Rx – Tx time difference is reported by UE at multiple time instances t0, t1, t2, … gNB can report the measured gNB Rx – Tx time difference from PRACH/SRS/DM RS to LMS in network  

Hence, we make the following observation and proposal

Observation 2: if the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort, scheduling of DL PRS by the network and measurements in the device can be avoided all together.

Proposal 2: For Option 3, the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort. 

The above proposals avoid the case where the network sends a command TA or there is some clock drift impairments between time UE reports UE Rx – Tx time difference and time UE transmits SRS. The timing error requirement for Release 17 NR NTN are specified in TS 38.133 as shown in Table 1

	Frequency Range
	
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	
	15
	15
	29*64*Tc

	
	
	
	30
	24*64*Tc

	
	
	
	60
	N/A

	
	
	30
	15
	24*64*Tc

	
	
	
	30
	22*64*Tc

	
	
	
	60
	N/A

	
	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 1: TS 38.133 v17.7.0 Table 7.1C.2-1: Te_NTN Timing Error Limit

, the timing error term Te_NTN is added to the UE UL timing,  as follows:
UE UL Timing = DL Timing – ()  Te_NTN 

The error term, Te_NTN, can be broken down as shown below:
Te_NTN = Te + Te_GNSS + Te_SAT
Where
· Te = 10.Ts is the legacy UE UL Tx requirement, which are at least contributed by  
· Based band: DL timing estimation accuracy (based on SSB BW), and 
· RF: delay difference from DL to UL (including some typical margin)
· Te_GNSS  2* (GNSS positioning accuracy/c), where c = 3*108 
· GNSS positioning accuracy assumed 50 m, or about 10*Ts 
· Te_SAT 2* (serving-satellite position estimation accuracy /c) < 2.Ts, where c = 3*108

In the above for the timing error term Te_NTN: 
· The legacy timing error term, Te, cancels out when the DL RTT (directly derived from TTA or from DL PRS) and UL RTT (from UL SRS) are combined at the gNB.
· The timing error term, Te_GNSS, due to GNSS position fix error is not relevant for the verification of the reported GNSS position fix.
· The timing error term, Te_SAT, due to serving-satellite position estimation accuracy can be minimized via network configuration if the UE Rx-Tx time difference is determined and reported close to the epoch time. 

Observation 3: The accuracy of the timing advance TTA has no significant impact on the accuracy of the UE Rx-Tx time difference directly derived from the timing advance TTA or determined from DL PRS measurements.

Table 1 shows the accuracy of UE calculation of satellite position and velocity. Assuming the calculation of TA is a few seconds ahead at the UE, the accuracy of the TA can be well within 20*Tc, or about 10 ns. We assume the UE can read the ephemeris on SIB19 and acquire GNSS location fix just before determining the UE RX-TX time difference determined directly from the timing advance TTA. 
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be within 20 Tc, or about 10 ns. 

	Prediction time [s]
	2 s
	5 s
	10 s

	Delay error with ephemeris 
	0 us
	0.0006 us
	0.003 us

	Delay error with common TA parameters
	0.006 us
	0.009 us
	0.03 us


[bookmark: _Hlk118479010]Table 1: Delay error for UE calculation of UE-satellite delay and satellite-Reference Point delay.

4 Reference point for the network-based UE location verification
RAN1#113 made the following working assumption:.Working assumption
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.


This issue was much discussed. We propose to make the working assumption an agreement.

Proposal 3: Confirm working assumption:
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

[bookmark: _Hlk131585106]5 Mirror positions ambiguity for multi-RTT positioning
RAN1#112 made the following agreement on the reference point for Mirror positions ambiguity for multi-RTT positioning.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


All the options can be further discussed in RAN1. Since NR NTN satellite is very likely to be a multiple beam satellite, Option 2 “Reuse existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions)” seem to be the simplest way to resolve the Mirror positions ambiguity for multi-RTT positioning. It should not have any additional impact for connected measurements, since these measurements are anyway needed for mobility. Hence, we think Option 2 should be the baseline.
[bookmark: _Hlk142601798]Proposal 4: RAN1 adopt Option 2: “Reuse existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions)” as baseline. 

8 Conclusion
In this contribution, the following observations and proposals were made as follows:
Details of Alt 1 UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference:
Observation 1: if the network can configure UL SRS to be transmitted at the time the DL PRS is received at the device, the gap between DL PRS and UL SRS can be close to 0 ms.

Proposal 1: For Option 3, knowing the UE-specific TA from TA report based on Option 3-3, the network can link / pair the configuration of UL SRS and DL PRS so that the UL SRS is transmitted at the time the DL PRS is received at the device.

Observation 2: if the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort, scheduling of DL PRS by the network and measurements in the device can be avoided all together.

Proposal 2: For Option 3, the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort. 

Observation 3: The accuracy of the timing advance TTA has no significant impact on the accuracy of the UE Rx-Tx time difference directly derived from the timing advance TTA or determined from DL PRS measurements.
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be within 20 Tc, or about 10 ns. 

Reference point for the network-based UE location verification:
Proposal 3: Confirm working assumption:
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

Mirror positions ambiguity for multi-RTT positioning:
Proposal 4: RAN1 adopt Option 2: “Reuse existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions)” as baseline. 

9 Appendix Multi-RTT positioning method for single satellite

Multiple RTT method is illustrated in 2. The RTT between UE and a single satellite to be determined at different times. The RTTs can be determined in two ways: 
· by the gNB and UE based on UL and DL measurements respectively at time t0, t1, t2, t3. 
· by the UE using its location and the satellite ephemeris to calculate and report the UE-specific TA at time t0, t1, t2, t3 as the UE Rx – Tx time difference TUE-RX – TUE-TX. The legacy multi-RTT report mechanisms can be re-used with the UE Rx – Tx time difference set to the Timing Advance as calculated at the UE, instead of using DL PRS measurements.  
The serving gNB measures its gNB Rx-Tx time difference from UE SRS transmission on UL. The UE reports its UE Rx-Tx time difference from DL PRS. Since the SRS needs to be transmitted within the RAN4 timing error requirement of 24.Ts, the UE-specific TA needs to be applied by the UE before transmission of SRS. The measured timing difference at gNB and at UE are used by the core network Location Management Function (LMF) to verify the UE location. 
[image: ]










Figure 2 Multiple RTT positioning with single satellite
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