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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]In Rel-18, the enhancement of New Radio (NR) Non-Terrestrial Network (NTN) began with the examination of the requirement for network-verified User Equipment (UE) location [1-2]. In this contribution, we discuss the network-verified UE location for NR NTN. 
Discussion 
In RAN1#112bis-e, only the following agreements are made.
	Agreement
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
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
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



Based on the agreement above as well as FL recommendations in RAN1#112bis-e, in this section, we discuss the potential enhancements for network verified UE location.

UE Rx-Tx time difference and gNB Rx-Tx time difference
To proceed, it would be good to check the definitions of each option for UE Rx-Tx time difference and gNB Rx-Tx time difference. 
In RAN1#112, the following agreement for UE Rx-Tx time difference were made.
	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



And the following agreement was made for gNB Rx-Tx time difference.
	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



Then, let’s focus on the alternatives made in RAN1#112bis-e as summarized as below.
	
	UE Rx-Tx time difference
	gNB Rx-Tx time difference

	Alt-1
	Option 3
	As defined in TS38.215 (or Option 1)

	Alt-2
	Option 2
	As defined in TS38.215

	Alt-3
	Option 2
	Option 4


 
Each alternative has pros and cons as the following.
· Alt-1: The combination of Option 3 for UE Rx-Tx time difference and TS38.215 (or Option 1) for gNB Rx-Tx time difference has the advantage of being based on established definitions and not requiring major changes to the existing framework. This combination also provides reasonable accuracy for RTT measurements. However, the reporting range is limited and may not be sufficient for certain use cases, and the accuracy can be affected by synchronization issues.
· Alt-2: The combination of Option 2 for UE Rx-Tx time difference and TS38.215 for gNB Rx-Tx time difference provides the advantage of using DL PRS and UL SRS as reference signals, which can improve the accuracy of RTT measurements. This combination also provides a wider reporting range than Alternative 1. However, it requires modifications to the existing framework, including changes to the SRS resource and synchronization between the UE and gNB, which may require additional signaling and computational resources.
· Alt-3: The combination of Option 2 for UE Rx-Tx time difference and Option 4 for gNB Rx-Tx time difference has the advantage of using DL PRS and UL SRS as reference signals for both UE and gNB, which can improve the accuracy of RTT measurements. This combination also provides a wider reporting range than Alternative 1 and does not require significant changes to the existing framework. However, it may still require additional signaling and computational resources for synchronization between the UE and gNB, and the accuracy may be affected by synchronization issues.
In consideration of extension to multiple satellite and of accuracy, Alt-2 or Alt-3 would be good choice for NTN use cases.
[bookmark: _Ref134045054]Proposal 1. For UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-2 or Alt-3 is adopted.

Reference Point of gNB Rx-Tx time difference
The reference point for measuring the gNB Rx-Tx time difference in TN is well defined in TS 38.215. However, in the case of NTN, the reference point for gNB Rx-Tx time difference measurement is yet to be discussed. The options for the reference point include onboard the satellite, the uplink time synchronization reference point, and on the gNB as agreed in the last meeting.
	Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB



As the above, there are three options proposed for the reference point for the definition of gNB Rx-Tx time difference measurement in NTN, which are onboard the satellite (Option 1), the uplink time synchronization reference point (Option 2), and on the gNB (Option 3). 
· For Option 1, it is argued that this option simplifies the triangulation for UE location verification, is consistent with the terrestrial network, and depicts the true gNB Rx-Tx time difference needed for multi-RTT calculation in NTN. 
· For Option 2, it is argued that it aligns with the current TN definition and has less specification impact and lower signaling overhead. 
· For Option 3, it is argued that this option covers both the regenerative and transparent satellite scenarios, aligns the reference point with the actual measurement point, and reuses the legacy of RAT-dependent position solutions. 
In RAN1#112bis-e, the pros and cons for each option have been discussed in the companies' inputs. 
In Option 1, the reference point for measuring gNB Rx-Tx time difference is located onboard the satellite. This means that the satellite itself is responsible for measuring the time difference between the reception and transmission of signals from and to the gNB. In Option 2, the reference point is the point where the gNB receives the timing information from the UE to synchronize its own timing. This option would align with the current TN definition and would allow for consistent measurement of gNB Rx-Tx time difference. In Option 3, the gNB is responsible for measuring the time difference between the reception and transmission of signals from and to the satellite. RAN1 needs further discussion with and after the discussion of the definition of gNB Rx-Tx time difference. Based on which information is reported to LMF, each option can be considered to use. Option 3 can be a starting point similar to the case of TN, but Option 1 can be straightforward for positioning from a given satellite.
[bookmark: _Ref130947242][bookmark: _Ref134045069]Proposal 2. Option 1 or Option 3 is adopted for the reference point of gNB Rx-Tx time difference, i.e., either onboard the satellite or the gNB.

Assistance information for Multi-RTT positioning with single Satellite
In RAN1#112bis-e, necessary assistance information between UE/gNB and LMF has been discussed. Of course, this should depend on the techniques for defining RTT in the previous issues. In this subsection, we discuss based on the proposal in the previous meeting.
For potential NTN specific assistance information to be transferred to the LMF are discussed with the following options.
1. Satellite position
1. 
1. The value of 𝑘mac
Among the above information, satellite position and the common TA offset can be essential for LMF to calculate UE location based on other information as RTT.
Regarding the reporting of Kmac, we suggest further discussion to ensure that the proposed solution is efficient and effective. While Kmac may not be necessary for all use cases, it may be relevant for certain scenarios that require high accuracy and reliability. Additionally, there may be alternative parameters with finer granularity that can provide similar information, and it is important to consider these options.
As explained earlier, this assistance information much depends on the solution of RTT definition. Therefore, it is recommended to discuss after deciding the solution of UE/gNB Rx-Tx time difference discussions. 
[bookmark: _Ref134045094]Proposal 3. Discuss after deciding the solution of UE/gNB Rx-Tx time difference discussions.

Multiple RTT Transmissions and Mirror-Image Ambiguity 
Multiple RTT measurements from a single satellite can be used to estimate the potential UE location with its mirror image. One possible enhancement is for the gNB to configure that the UE reports the RTT measurements (e.g., Rx-Tx time difference, TA value) periodically. The intersection points of circles or ellipses depending on the definition of the RTT measurements could be the UE location by using the periodically reported RTT measurements. In order to resolve the mirror image ambiguity, the following agreement was made in the last meeting.
	Agreement
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



By using the multi-RTT configuration by gNB/LMF, the mirror image ambiguity can be resolved, i.e., Option 1. Of course, there could be some specification impacts, e.g., to configure the reference location of satellite and period for reporting. This option requires no additional specification enhancement, which may save time and resources. The gNB implementation can be tailored to specific network conditions and may provide a more efficient solution. 
Option 2 leverages an existing method that has already been standardized, which may save time and resources. The ECID method has been used in other technologies and has been proven to be effective in resolving positioning ambiguities.
In Option 5, the cell coverage information can provide valuable context for resolving mirror point ambiguities and may lead to more accurate positioning results.
[bookmark: _Ref130947253]Proposal 4. Support Options 1, 2, and 5 above, i.e., gNB or LMF implementation to solve the mirror error issue with some spec impact, ECID method, and reporting cell coverage to LMF.

Figure 1 shows the UE candidate location when the RTT is defined by using UE Rx-Tx time difference between the pre-defined DL slot and the UL slot. Note that, when the RTT is defined by using TA report, then the ellipses shown in Figure 1 become circles. With the periodic reporting, the network verified UE location can be done from a single DL reception. 
[image: ]
[bookmark: _Ref126189623]Figure 1. Periodic UE reporting of RTT when the RTT is obtained based on the past starting time
Multiple RTT measurements from a single satellite can be used to estimate the potential UE location with its mirror image. One possible enhancement is for the gNB to configure that the UE reports the RTT measurements (e.g., UE Rx-Tx time difference) periodically. The intersection points of circles or ellipses depending on the definition of the RTT measurements could be the UE location by using the periodically reported RTT measurements. Figure 1 shows the UE candidate location when the RTT is defined by using UE Rx-Tx time difference between the pre-defined DL slot and the UL slot. For the periodic reporting of UE Rx-Tx time difference, the issue of determining the triggering time of multi-RTT positioning can be treated by network/gNB/LMF implementation.
[bookmark: _Ref126109687][bookmark: _Ref130947257]Proposal 5. RAN1 can consider periodic reporting of RTT, i.e., UE Rx-Tx time difference. In the case of determining the triggering time of multi-RTT positioning, it can be treated by network/gNB/LMF implementation.
Conclusions
In this contribution, we discussed the multi RTT for UE location verification. Our proposals are summarized below.
Proposal 1. For UE Rx-Tx time difference and gNB Rx-Tx time difference, Alt-2 or Alt-3 is adopted. 
Proposal 2. Option 1 or Option 3 is adopted for the reference point of gNB Rx-Tx time difference, i.e., either onboard the satellite or the gNB.
Proposal 3. Discuss after deciding the solution of UE/gNB Rx-Tx time difference discussions.
Proposal 4. Support Options 1, 2, and 5 above, i.e., gNB or LMF implementation to solve the mirror error issue with some spec impact
Proposal 5. RAN1 can consider periodic reporting of RTT, i.e., UE Rx-Tx time difference. In the case of determining the triggering time of multi-RTT positioning, it can be treated by network/gNB/LMF implementation.
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