Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #112	R1-2301305
Athens, February 27th – March 3rd, 2023

Agenda Item:	9.11.2
Source:	Ericsson
Title:	On network verified UE location in NR NTN
Document for:	Discussion

1	Introduction
In the revised NR Rel-18 WID on NTN enhancement [1], the objective on network verified UE location is defined as follows:
· 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 light of the above objective, we share our preliminary views on enhancing the existing specification to support network verification of UE location in NR NTN.
1	Multi-RTT enhancements for NTN
[bookmark: _Hlk127510071]In multi-RTT positioning, both the UE and the gNB measure and report their respective RX-TX time differences to the LMF. The UE RX-TX time difference can be measured using the DL-PRS or CSI-RS while the gNB RX-TX time difference can be measured using UL-SRS. In TS 38.215, the UE and gNB RX-TX time difference measurements are defined as follows:
“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.”

We note that the transmit time in the above definition is the UE transmit timing of the uplink subframe #j that is closest in time to the downlink subframe #i, and not necessarily the transmit timing of the UL SRS.

“The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] 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 downlink subframe #j that is closest in time to the subframe #i received from the UE.”

The above definitions show that there is no coupling required between DL-PRS and UL-SRS for multi-RTT positioning as the RX-TX time difference measurements at the UE and the gNB can be performed independently of each other. 

According to TS 38.133, the reporting range of UE Rx-Tx time difference is ~ -0.5 ms to +0.5 ms:
“The reporting range for the absolute UE Rx-Tx time difference measurement (TUE Rx-Tx) is defined from -985024´Tc to 985024´Tc with the resolution step of 2k´Tc […]”
These definitions have been crafted for terrestrial networks where the timing advance (TA) value is typically much smaller than 1 ms. As the TA in an NTN can be several ms, the existing specification needs to be enhanced to enable multi-RTT based positioning for UE location verification in NTN. We illustrate the shortcomings of the existing UE RX-TX time difference definition via three toys examples:  

Case 1: Small TA (TA < 0.5 ms)
When the TA is small (TA<0.5 ms), j=i in the UE Rx-Tx time difference definition above. In this case, UE Rx-Tx time difference is equal to the TA. This is illustrated as below. The RTT can be calculated as RTT = (UE Rx-Tx time difference) + (gNB Rx-Tx time difference). For ease of illustration, the following figures depict the UL subframe#i being used for gNB RX-TX time difference measurement. Please note that this is not required by the specification.  
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Case 2: Moderate TA (0.5 ms < TA < 1 ms)
When 0.5 ms < TA < 1 ms, uplink subframe j=i+1 is closer to downlink subframe i. In this case, UE Rx-Tx time difference is negative and equal to (TA – 1 ms). This case is illustrated below. The RTT can be calculated as RTT=(UE Rx-Tx time difference) + (gNB Rx-Tx time difference) + (1 ms). 
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Case 3: Large TA (TA > 1 ms)
When TA>1 ms, as will be typically the case in NTN, the existing UE RX-TX time difference measurement will lead to erroneous calculation of RTT. As an example, consider the below illustration where the TA is ~2.3 ms, j=i+2, UE Rx-Tx time difference = (TA – 2 ms) and RTT = (UE Rx-Tx time difference) + (gNB Rx-Tx time difference) + (2 ms). 
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As evident from cases 2 and 3, the UE will not end up measuring the intended RX-TX time difference in NTN scenarios if the Rel-17 definition is followed. Therefore, the definition can be modified in NTN as follows:
“The UE Rx – Tx time difference in an NTN cell 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 #i.”

Therefore, we propose the following:
[bookmark: _Toc127510003]RAN1 to modify the definition of the UE RX-TX time difference measurement for NTN.
The true UE RX-TX time difference measurement  in NTN can be expressed as , where  is the fractional part and  is the integer part for a finite positive integer . In case 1 (typical terrestrial scenario),  = 0 and the Rel-17 UE RX-TX time difference measurement report can be used. In case 3 (typical NTN scenario),  and the Rel-17 UE RX-TX time difference measurement report cannot be used to report the true UE RX-TX time difference value (which is needed to calculate the true RTT). Therefore, we make the following observations.   
[bookmark: _Toc127510009]The Rel-17 UE RX-TX time difference measurement report is not sufficient to allow sufficiently accurate RTT calculation in NTN.
[bookmark: _Toc127510010]Although an NTN UE needs to report its true UE RX-TX time difference value to the LMF, it can merely report its fractional part if it were to use the Rel-17 UE RX-TX time difference measurement report given its limited reporting range of +/- 0.5 ms. 
As the TA values in NTN will typically be several ms (“Case 3”), UE RX-TX time difference measurement definition and the measurement report need to be enhanced for NTN. Specifically, the UE will need to calculate and report its true UE RX-TX time difference in NTN.  
[bookmark: _Toc127510004]UE to report its true UE RX-TX time difference measurement value to the LMF using one of the following options:
[bookmark: _Toc127510005]Option 1: Extend the range of the UE RX-TX time difference measurement report for NTN. 
[bookmark: _Toc127510006]Option 2: Define a new measurement parameter in NTN to enable the UE to report the integer part of its true RX-TX time difference measurement, and reuse the Rel-17 UE RX-TX time difference measurement parameter to report the fractional part of its true RX-TX time difference measurement.   
Previously, RAN1 has identified the need to address mirror image ambiguity in NTN. This is clearly reflected in the following note in the WID:
“Note 6: The enhancements should take into account the mirror-image ambiguity”
The Rel-17 specification optionally supports using UL-AoA measurements at the gNB in conjunction with the UE/gNB RX-TX time difference measurements to improve the performance of multi-RTT positioning. UL-AoA can be used for resolving the mirror image ambiguity for UE location verification in NTN. Additionally, SA2 has requested to complete location verification within a preferred period of 30 s and a maximum period of 1 min. UL-AoA measurements can also help reduce the verification latency for UEs located sufficiently away from a regional or country border [5]. Therefore, RAN1 should also enhance UL-AoA for NTN.
[bookmark: _Toc127510007]RAN1 to support and enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.
2	Trustworthiness of UE reporting
In the revised WID [1], the following ensures that the trustworthiness of location verification cannot be compromised.
“Note 5: The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved”
Let us consider the TA reported by the UE. Even though the UE reports an incorrect UE location, it must still use the true UE location for calculating the TA and frequency pre-compensation values. Otherwise, the NTN UE cannot possibly communicate with the gNB (transmissions arriving at the gNB will be well outside the cyclic prefix and/or non-aligned with the intended frequency). Thus, a fake reported UE location means that the 3GPP chipset is already handling two UE locations, and it would be very simple for the UE to report a fake TA corresponding to the reported fake UE position. Therefore, we argue that the reported TA cannot be considered “independent from the location information reported by the UE” as stated in the TR recommendations [4]. 
[bookmark: _Toc115391939][bookmark: _Toc127510008]UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN. 
3	Conclusion
Based on the discussion in the previous sections we made the following observations:
Observation 1	The Rel-17 UE RX-TX time difference measurement report is not sufficient to allow sufficiently accurate RTT calculation in NTN.
Observation 2	Although an NTN UE needs to report its true UE RX-TX time difference value to the LMF, it can merely report its fractional part if it were to use the Rel-17 UE RX-TX time difference measurement report given its limited reporting range of +/- 0.5 ms.

Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN1 to modify the definition of the UE RX-TX time difference measurement for NTN.
Proposal 2	UE to report its true UE RX-TX time difference measurement value to the LMF using one of the following options:
Option 1: Extend the range of the UE RX-TX time difference measurement report for NTN.
Option 2: Define a new measurement parameter in NTN to enable the UE to report the integer part of its true RX-TX time difference measurement, and reuse the Rel-17 UE RX-TX time difference measurement parameter to report the fractional part of its true RX-TX time difference measurement.
Proposal 3	RAN1 to support and enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.
Proposal 4	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.
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