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Introduction
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 RAN#98-e, the WID of Rel-18 NR NTN was updated to include a new objective for network-verified UE location.
	4.1.3 Network verified UE location

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 this contribution, we discuss the network-verified UE location for NR NTN. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Background
The revised WID specifies that RAN1 must complete the specifications for network-verified User Equipment (UE) location using multi-RTT, while addressing the mirror-image ambiguity.
RTT (Round-Trip Time)
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[bookmark: _Ref126102541]Figure 1. Example of Tx and Rx time at the satellite and UE
Figure 1 illustrates an example of RTT by using time difference, where the gNB can be aware of the time difference between the PRS Rx time and SRS Tx time. In this example, the RTT can be calculated as 

where “” is defined as  and “” is defined as . The UE can report the UL/DL time difference to the gNB, for example as defined as UE Rx-Tx time difference in TS38.215. The methods for the gNB to obtain RTT information will be discussed in a later section of this contribution.
[bookmark: _Ref126109661]Observation 1. UE Rx-Tx time difference can be used to calculate the RTT measurement.

With RTT information, the gNB can estimate the UE location as shown in Figure 2. The specific RTT value can be used to draw a circle with a corresponding distance representing the candidate locations of the UE. The thickness of the circle represents the timing error and thus the RTT error(caused by ionospheric effect, tropospheric delay, multipath effect, clock errors, and orbit errors including movement of satellite, etc.,). Although, in practice, the circle is drawn in 3D due to the height of the satellite, for simplicity, a 2D illustration is used in this contribution.
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[bookmark: _Ref126102528]Figure 2. UE positioning by using the RTT from a satellite
Another way to obtain the candidate locations with a given RTT is to use an ellipse with two foci points. The ellipse represents the set of points where the sum of distances from the two foci is equal to a given value. This method can be applied when the satellite is moving at such a high speed that the difference between its original location at the start of RTT measurement and its later location at the end of the RTT measurement is not negligible. In this case, the set of points where the sum of distances from the two foci is equal to  becomes the candidate locations of the UE, as illustrated in Figure 3.
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[bookmark: _Ref126103698]Figure 3. UE positioning by using the RTT from a moving satellite
[bookmark: _Ref126109666]Observation 2. From a single RTT measurement, a circle or an ellipse becomes the set of the candidate locations of a UE.

Multi-RTT with single satellite
With a single satellite, multiple RTT measurements can be obtained from the movement of the satellite. Figure 4 illustrates the estimation of a UE's location using three RTT measurements, with the assumption that each RTT measurement corresponds to a circle for potential UE locations. The intersection of these circles represents two possible UE locations, one being the actual location and the other being its mirrored image. The accurate estimation of the actual location between these two candidates is not possible if the RTT measurements are only obtained from a single satellite moving along a line.
[bookmark: _Ref126109676]Observation 3. Only with the RTT measurements from the satellite moving along the line, it is not feasible to correctly estimate the actual UE location between two candidate locations.
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[bookmark: _Ref126105025]Figure 4. UE positioning by using multi-RTT with a single moving satellite

Discussion 
In this section, we discuss the potential enhancements for network verified UE location.

Definition of RTT
In NR, a UE reports UE Rx-Tx time difference as in TS38.215, and also a UE reports its TA value to the gNB. Similar to the Rx-Tx time difference, the TA value the UE reports can be used to calculate the distance between the satellite and the UE as shown in Figure 5.
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[bookmark: _Ref126107609]Figure 5. UE reports TA value
Thus, RAN1 considers which measurement is used for RTT among the following options.
· Option 1. Rx-Tx time difference
· Option 2. Reported TA
· Option 3. gNB choice between existing timing reports
The reported TA can be UE-specific TA, which is reported by MAC CE. The granularity of TA report is 1 ms. The granularity of TA report can be discussed further. RAN1 considers the above options to develop a potential enhancement. 
[bookmark: _Ref126109683]Proposal 1. RAN1 considers to use UE Rx-Tx time difference or the reported TA to derive the RTT, which may be gNB implementation for which one is used.

Multiple RTT Transmissions and Mirror-Image Ambiguity 
As explained with Figure 4, 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. 
Figure 6 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 6 become circles. With the periodic reporting, the network verified UE location can be done from a single DL reception. 
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[bookmark: _Ref126189623]Figure 6. Periodic UE reporting of RTT when the RTT is obtained based on the past starting time
Even though the multi-RTT measurements are used for UE positioning, two candidates exist as shown in Figure 6 with the RTT values from the three points on a single line. In this case, the network cannot make sure which one is the actual UE location and another is its mirror image. To resolve the mirror image ambiguity, beam/cell deployments including beam ID/cell ID or UL AoA to resolve the mirror-image ambiguity can be considered.
[bookmark: _Ref126109687]Proposal 2. RAN1 considers periodic reporting of RTT.
[bookmark: _Ref126109692]Proposal 3. RAN1 considers to rely on beam/cell deployments including beam ID/cell ID or UL AoA to resolve the mirror-image ambiguity.

Multi-RTT measurement with prediction
In the above, the multi-RTT measurements can be obtained by using satellite’s actual movement. This means when the satellite is moving, the satellite locations can be considered as the locations of different TRPs. But the satellite might not need to actually locate in the reference locations of the satellite for the multiple RTT, which means that it is possible for the UE to just assume that the satellite is located in those multiple locations. In NTN, a UE is configured/broadcasted with satellite ephemeris so that the UE is aware of the satellite location in a specific time, and therefore the UE can report a number of predicted multi-RTT measurements. This can lead to reduction of delay for the reporting of multi-RTT. 
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[bookmark: _Ref126364626]Figure 7. UE reports multi-RTT from the predicted satellite locations
In Figure 7, the locations of (b) and (c) are the predicted locations of the satellite on the ephemeris. Since the UE is already know the ephemeris, the UE can predict the RTT measurement according to (b) and (c) and can report them to satellite via (a). 
[bookmark: _Ref126364990]Proposal 4. RAN1 considers multi-RTT measurement reporting with predicted satellite locations on the ephemeris.

Multi-RTT measurement with pre-defined measurements
In the above, the multi-RTT measurements with predicted satellite locations on the ephemeris is used. This method can be generalized to the multi-RTT measurement with arbitrarily pre-defined locations, which are not only for the pre-defined locations on a single line.  
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[bookmark: _Ref126364557]Figure 8. UE reports multi-RTT with arbitrarily pre-defined locations
As shown in Figure 8, the locations of (b) and (c) are the pre-defined/pre-configured locations. Note that the locations of the satellite, (b), and (c) are not in a single line. Note also that, three locations can be pre-defined. Then, the UE calculates the RTT based on the locations and report the multi-RTT according to (b) and (c) to satellite via (a). In this method, the network can estimate the UE location without the mirror-image ambiguity. The other advantage of this method is that, this can be applied to GEO satellite case. 
[bookmark: _Ref126364995]Proposal 5. In order to avoid mirror-image ambiguity, RAN1 considers multi-RTT measurement reporting with pre-configured locations.
Conclusions
In this contribution, we discussed the multi RTT for UE location verification. Our observations and proposals are summarized below.
Observation 1. UE Rx-Tx time difference can be used to calculate the RTT measurement.
Observation 2. From a single RTT measurement, a circle or an ellipse becomes the set of the candidate locations of a UE.
Observation 3. Only with the RTT measurements from the satellite moving along the line, it is not feasible to correctly estimate the actual UE location between two candidate locations.
Proposal 1. RAN1 considers to use UE Rx-Tx time difference or the reported TA to derive the RTT, which may be gNB implementation for which one is used.
Proposal 2. RAN1 considers periodic reporting of RTT. 
[bookmark: _GoBack]Proposal 3. RAN1 considers to rely on beam/cell deployments including beam ID/cell ID or UL AoA to resolve the mirror-image ambiguity.
Proposal 4. RAN1 considers multi-RTT measurement reporting with predicted satellite locations on the ephemeris.
Proposal 5. In order to avoid mirror-image ambiguity, RAN1 considers multi-RTT measurement reporting with pre-configured locations.
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