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1 Background
In RAN#111, the study phase for network verified UE location for NTN was completed. The final recommendations are as follows (from RAN1 Chairman’s notes):Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.



In the following sections, we present our views on RTT and DL-TDOA based verification.
2 RTT-based verification
“TA-based” RTT
One of the controversial issues in the last RAN1 meeting was the proposal to introduce “TA report” as a location verification method. Based on the explanation of the proponents, their main intention was that the UE would report the timing advance TTA . As a last minute compromise, the following text was added to the conclusions:
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.

In the following, we will highlight the main differences between UE RTTD and transmit timing requirements:
1) The definition of “UE transmit timing requirement” and “UE RX-TX time difference” use the same downlink reference (first detected path in time). In the absence of any measurement errors, and assuming all relevant signals go through the same channel, “TA report” and “UE RTTD” are equivalent (except for the “modulo 1ms” calculation in UE RTTD).
	UE transmit timing requirement (TS 38.133)
	UE RX-TX time difference (TS 38.215)

	The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus . The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
	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.

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.




2) For “UE transmit timing” requirements (TS 38.133), the requirements are rather loose since the TA is typically not used for positioning purposes (except for rough positioning based on ECID), and the bandwidth of the reference signal (SSB) is smaller than the bandwidth of signals used for positioning. From Subclause 7.1.2 in TS 38.133, we see that the timing error limit for 15kHz SCS is 12*64*Tc = 390ns. For RX-TX time difference, the requirements can be found in Subclause 10.1.25.2, and the values are an order of magnitude smaller (from 30ns to ~70ns). If we consider the case of performing location verification without gNB side measurements, taking into account the precompensation error, the maximum timing error is actually 29*64*Tc = 942.5ns
	UE transmit timing requirement, 15kHz SCS (TS 38.133, 7.1.2)
	UE RX-TX time difference requirement, 15kHz SCS (TS 38.133, 10.1.25.2)

	12*64*Tc = 390ns
	AWGN, ≥24 PRBs: 78*Tc = 39.67ns
AWGN, ≥52 PRBs: 59* Tc = 30ns
Fading, ≥24 PRBs: 137* Tc = 69.68ns
Fading, ≥52 PRBs: 96 * Tc = 48.82ns

NOTE: Margin d is omitted. Results for -3dB Ês/Iot




3) For “UE transmit timing”, the downlink reference signal is an SSB. For UE RTTD, the downlink reference signal is either PRS or TRS. For additional security, the network may decide to dither the PRS to make sure that the UE is indeed measuring the PRS (this will add a UE-unknown quantity to the RTTD measurement, which can be removed by the LMF or gNB when performing the positioning calculations).

Proposal 1: Do not introduce explicit support in RAN1/RAN2 for “TA-based RTT”

Changes to RTT framework
Based on the discussion in RAN WGs, we identify the following enhancements for the normative phase of the work item:
· For single and multi-satellite RTT, issues related to timing and filtering of PRS/TRS may need to be discussed. More precisely:
· Maximum timing difference between SRS and PRS should be considered.
· Filtering across PRS occasions should be discussed. In particular, it should be discussed whether the network is allowed to add an unknown dithering to the PRS to make sure the UE is measuring the signal.

· For single satellite RTT, the architecture for measurements may need to be discussed. The following two options could be considered:
· The UE performs UE-RTTD using PRS, based on assistance information received from the LMF. The UE reports the UE-RTTD to the LMF over LPP, and the gNB performs gNB-RTTD measurements and reports them to the LMF over NRPPa.
· The UE performs UE-RTTD using TRS, and reports the UE-RTTD to the gNB (similar to the procedure defined in Rel-17 for propagation delay compensation). The gNB reports both the UE-RTTD and gNB-RTTD to the LMF over NRPPa. In this solution, the UE is not required to support LPP.
· If NTN positioning with multiple satellites is (or will be) supported, we would suggest to do the reporting over LPP (directly to the LMF) to keep commonality in the solutions.

· For multi-satellite UE RTTD, the assistance information for the neighbor TRPs needs to be enhanced with respect to TN. For instance, the expected RSTD and RSTD uncertainty may need to be enhanced (since this value may constantly change). Additionally, information regarding the Doppler of neighboring satellites may need to be conveyed to avoid frequency hypotheses at the UE.

In view of the points above, we propose to have the following objective for the normative phase of the work item:
Proposal 2: For network verified UE location, include the following objective:
Specify enhancements to multi-RTT framework with single and multiple satellites:
· For single and multi-satellite RTT, potential changes to timing between PRS occasions and between PRS/TRS and SRS, and applicability of filtering across PRS occasions [RAN1, RAN4].
· For single satellite RTT, select one of the following options [RAN2, RAN3, RAN1]:
· UE reports UE-RTTD to the LMF over LPP, gNB reports gNB-RTTD to the LMF.
· UE reports UE-RTTD to the gNB over RRC, gNB reports gNB and UE RTTD to the LMF.
· This does not require the UE to support LPP
· For multi-satellite RTT, enhancements to UE assistance information for multi-satellite RTT to accommodate large and varying delays and Doppler between TRPs [RAN1, RAN2, RAN3]
NOTE: For multi-satellite RTT, UE RTTD is based on PRS. For single-satellite RTT, UE RTTD is based on PRS or TRS.

3 DL-TDOA-based verification
During RAN1#111, one of the main discussion points of DL-TDOA was focused on the assumption over clock drift. To summarize the observations during RAN1#111 (complete observation can be found in the appendix):
· The observation windows are rather long in all cases, ranging from 12s to 342s.
· Most of the companies did not consider UE clock drift. A company that considered clock drift modelled it as an additional error of [-10ns, 10ns] on the RSTD measurement.
· RAN1 concluded that DL-TDOA may not meet the requirements if realistic clock drift is considered.
We would like to highlight that UE clock drift may actually be the main source of error for DL-TDOA with these very long observation windows. For DL-TDOA with a single satellite, the UE measures the variation in delay of a single satellite across time. Ideally, a UE with a perfect clock may be able to do this, and it will see how the downlink signal (e.g. PRS) changes its delay over time with respect to the ideal clock, and therefore may derive RSTD measurements based on this observation.
A typical assumption for NR positioning is to assume a clock drift of 0.1ppm. In the case of multiple anchor nodes (e.g. in terrestrial networks with PRS from multiple base stations), this drift does not create a large degradation as long as the PRS from the different nodes are transmitted close enough in time. For instance, if the separation between two PRSs is 1ms, the timing error introduced from the clock drift would be 0.1ns, which translates to 30cm distance error (this may result in larger positioning error due to geometry).
For the case of single satellite DL-TDOA, however, there is only one anchor node that moves over time. Therefore, the timing error introduced by the clock drift will accumulate over a longer time and may dramatically worsen the accuracy of the RSTD measurements. For the example of 0.1ppm, we give some accuracy values for the different values provided in the RAN1 conclusions:

	[bookmark: _Hlk119937327]Observation window (s)
	Error (us)
	RSTD error (m)

	12
	1.2
	300

	30
	3
	900

	220
	22
	6600

	342
	34.2
	10260



As it can be observed, the errors introduced by the clock drift are very substantial. Also, note that the RSTD error difference does not directly translate to positioning error, since in most cases the geometry of the NTN system is very ill-conditioned, and the dilution of precision would magnify these errors. 
We would also like to highlight that the assumption of 10ns assumed in the RAN1 meeting by some companies (and captured in the conclusions, see Appendix) is not realistic: for a measurement duration of 342 seconds, it is equivalent to  (parts per trillion), roughly 30,000 times more accurate than the typical assumption in RAN4.
Observation 1: For DL-TDOA with a single satellite, and assuming a UE clock drift of 0.1ppm, the RSTD errors are between 1.2 and 34.2us for observation windows between 12 and 342s. 
We evaluated the DL-TDOA performance assuming a realistic clock drift model under the following assumptions:
· Satellite at 600km polar orbit, located at 0N 0E at time 0.
· Three PRS measurements at [-8s, 0, 8s].
· UE location: 2N 3E, 5N 1E (closer to the orbital plane)
The evaluation results are shown below using countour lines (i.e., the area in which the UE location may be determined assuming a maximum measurement error).
· Figure 1 shows the TDOA contours assuming a maximum of 10ns error (combination of measurement error and clock drift). In this case, the positioning accuracy is acceptable, with a maximum error in EW direction of around 1.5km.
· Figure 2 shows the TDOA contours assuming a clock drift of 0.01ppm (10x more accurate than the usual assumption) and no measurement error. In this case, the maximum EW error is around 15km, and the maximum NS error is around 2km. Even assuming 0.01ppm error (and no additional measurement error), the requirements cannot be met.
· Figure 3 shows the TDOA contours assuming a clock drift of 0.1ppm and no measurement error. In this case, the maximum errors are up to 100km in EW direction, and around 30km in NS direction. The requirements cannot be met in this case.
· Figure 4 shows a worse case where the UE is located closer to the orbital plane (5N 1E). Due to the bad geometry of the problem, the positioning errors are much larger than 150km in EW direction.

	Figure 1: 10ns error
	Figure 2: 0.01ppm clock drift, no meas error

	[image: ]
	[image: ]

	Figure 3: 0.1ppm clock drift, no meas error
	Figure 4: 0.1ppm clock drift, no meas error, UE close to orbit (5N 1E)
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In view of the above results, using DL-TDOA with realistic clock drift may result in very unreliable positioning accuracy and, therefore, may not be appropriate for network verified UE location.
Although some positioning algorithms may partially solve this issue (e.g. by assuming the clock drift is constant and adding it as an additional unknown in the position determination), these techniques have not been studied by RAN1. Therefore, we propose to not specify DL-TDOA for single satellite in Rel-18
Proposal 3: Do not specify single-satellite DL-TDOA enhancements for network verified UE location in Rel-18.
· Single-satellite DL-TDOA may be considered in future releases, accounting for methods to minimize the error introduced by UE clock drift.
Multi-satellite DL-TDOA, however, would not have these issues as long as the relative distance between PRS occasions of neighboring TRPs is small enough. The main changes to enable DL-TDOA are a subset of the changes to enable RTT (minimum effort in the working groups), so we suggest to specify the following:
Proposal 4: Specify enhancements for multi-satellite DL-TDOA enhancements for network verified UE location in Rel-18:
· Potential changes to timing between PRS occasions and applicability of filtering across PRS occasions [RAN1, RAN4].
· Enhancements to UE assistance information to accommodate large and varying delays and Doppler between TRPs [RAN1, RAN2, RAN3]


4 Conclusions
In this contribution, we presented our views on the normative work for network-verified UE location. We made the following observations and proposals:

Proposal 1: Do not introduce explicit support in RAN1/RAN2 for “TA-based RTT”

Proposal 2: For network verified UE location, include the following objective:
Specify enhancements to multi-RTT framework with single and multiple satellites:
· For single and multi-satellite RTT, potential changes to timing between PRS occasions and between PRS/TRS and SRS, and applicability of filtering across PRS occasions [RAN1, RAN4].
· For single satellite RTT, select one of the following options [RAN2, RAN3, RAN1]:
· UE reports UE-RTTD to the LMF over LPP, gNB reports gNB-RTTD to the LMF.
· UE reports UE-RTTD to the gNB over RRC, gNB reports gNB and UE RTTD to the LMF.
· This does not require the UE to support LPP
· For multi-satellite RTT, enhancements to UE assistance information for multi-satellite RTT to accommodate large and varying delays and Doppler between TRPs [RAN1, RAN2, RAN3]
NOTE: For multi-satellite RTT, UE RTTD is based on PRS. For single-satellite RTT, UE RTTD is based on PRS or TRS.

Observation 1: For DL-TDOA with a single satellite, and assuming a UE clock drift of 0.1ppm, the RSTD errors are between 1.2 and 34.2us for observation windows between 12 and 342s. 

Proposal 3: Do not specify single-satellite DL-TDOA enhancements for network verified UE location in Rel-18.
· Single-satellite DL-TDOA may be considered in future releases, accounting for methods to minimize the error introduced by UE clock drift.

Proposal 4: Specify enhancements for multi-satellite DL-TDOA enhancements for network verified UE location in Rel-18:
· Potential changes to timing between PRS occasions and applicability of filtering across PRS occasions [RAN1, RAN4].
· Enhancements to UE assistance information to accommodate large and varying delays and Doppler between TRPs [RAN1, RAN2, RAN3]

Appendix#1 – Observation for DL-TDOA
The following text was captured as an observation on Chairman’s notes. The highlighted figures are mentioned in the main body of this contribution:
Observation:
For network verified UE location based on DL-TDOA positioning method with single satellite:
Eight companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the UE reports needed to perform DL-TDOA can be assumed to be trusted:
· Five sources observed that DL-TDOA positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km without considering UE Clock drift:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with 30 seconds or less:
· One of these 4 sources observed that horizontal positioning error is equal to 2.5km with 95% probability.
· This source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz
· Note 1: this source provided results using 2D positioning method.
· One of these 4 sources observed that horizontal positioning error of DL-TDOA via PRS with 3 RSTDs and a latency of 24s is equal to 5.33km with 90% probability and 8.92km with 95% probability.
· This source reported that the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively.
· This source observed that existing CSI RS can be used to meet the requirement with comparable latency
· One of these 4 sources observed that horizontal positioning accuracy for a latency of 30s with SNR of 5dB and with 90% probability is equal to 9.44km.
· This source observed that the maximum timing measurement error that can be allowed to meet the accuracy requirement of 10km is about 80ns.
· One of these 4 sources observed the horizontal positioning accuracy of less than 10km can be achieved for 90% of UEs with 12 seconds latency and for 95% of UEs with 20 seconds latency.	
· The maximum time measurement error considered by this source is equal to 6ns
· One source observed that the horizontal positioning error of DL-TDOA method can be smaller than 10 km with over 80% probability with 180 seconds latency.
· This source reported that the timing measurement error of PRS can be smaller than 6.1ns with 95%
· [bookmark: _Hlk119665285]One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in DL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of DL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.
· Note 2: This source considered 10 ns UE Clock drift for all time measurement window.
· Note 3: Position accuracy requirements may not be met if realistic assumption on UE clock drift is considered.
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