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1. Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to consider how to verify UE location as described below.
	4.1.3	Network verified UE location

[bookmark: _Hlk89953816]Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].

[bookmark: _Hlk86407450][bookmark: _Hlk102684345]RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.




And in RAN2#119, the following agreements were achieved, and RAN2 can consider applying some existing positioning methods as starting point:
Agreements:
1. [bookmark: _Hlk115336281]The UE location information is considered verified if the reported GNSS position is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size) (it is assumed that there is no RAN2 spec impact due to this)
2. RAN2 should consider, as starting point, the re-use of the LCS framework of the LMF network for the network verification procedure. Send an LS to SA2 indicating RAN2 assumption on this
3. The network verification of the UE reported location may combine one or several 3GPP defined RAT dependent positioning methods (e.g. Multi RTT, DL/UL-TDOA, DL-AoA, NR E-CID, etc.).

According to the recommendation in [2], “The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority”. In this paper, we further discuss the technical issues of applying these positioning methods in single-satellite scenario.
2. Discussion 
[bookmark: _Hlk115184542]In this section, we analyse some technical issues of applying these RAT dependent positioning methods (i.e., Multi RTT, DL/UL-TDOA, DL-AoA, NR E-CID) in single-satellite NTN scenarios.
NR E-CID:
NR Enhanced Cell ID (NR E-CID) positioning refers to techniques which use UE and/or NR radio resource related measurements (cell/beam level measurements) to improve the UE location estimate.
NR E-CID measurements may include the following UE measurements (as defined in TS 38.215):
· SS Reference signal received power (SS-RSRP);
· SS Reference Signal Received Quality (SS-RSRQ);
· CSI Reference signal received power (CSI-RSRP);
· CSI Reference Signal Received Quality (CSI-RSRQ).
In TN scenario, a SS Reference signal or a CSI Reference signal may represent a beam with a direction. The evaluation of SS-RSRP or CSI-RSRP may show the direction information of UE. But in NTN scenario, the beams generated by satellites are in a from-top-to-ground manner, and the RSRP distribution on ground is relatively “flat” within a NTN cell. In this case whether the accuracy of NR E-CID measurements can meet the requirement needs to be evaluated by RAN1 first.
Observation 1: in NTN scenario, the beams generated by satellites are in a from-top-to-ground manner, and the RSRP distribution on ground is relatively “flat”. It’s not clear whether E-CID positioning methods can meet the NTN requirements.

DL-AoA:
In the DL-AoA/AoD (Angle-of-Departure) positioning method, the UE location is estimated based on DL PRS-RSRP measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the spatial information of the downlink radio signals and geographical coordinates of the TRPs.
But in NTN scenario, as all the PHY signals are relayed by the same satellite, the AOA/AOD information is common for all UEs in a NTN cell. Whether the DL- AOA/AoD positioning methods can still be feasible needs to be evaluated by RAN1 first.
[bookmark: _Hlk110859211]Observation 2: in NTN scenario, as all the PHY signals are relayed by the satellite, the AOA/AOD information is common for all UEs in a NTN cell. It’s not clear whether DL-AoA positioning methods can meet the NTN requirements.

DL-TDOA/ UL-TDOA:
In the DL-TDOA positioning method, the UE location is estimated based on DL RSTD (and optionally DL PRS-RSRP) measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the geographical coordinates of the TRPs and their relative downlink timing. As illustrated in Figure 1, the arrival times of different PRSs are used for calculating UE location.


Figure 1 concept of legacy DL-TDOA positioning method

In the UL-TDOA positioning method, the UE location is estimated based on UL-RTOA (and optionally UL SRS-RSRP) measurements taken at different TRPs of uplink radio signals from UE, along with other configuration information. As illustrated in Figure 2, the arrival times of different SRSs are used for calculating UE location.


Figure 2 concept of legacy UL-TDOA positioning method

[bookmark: _Hlk110857281]Both solutions are based on the measurements on reference signal time difference from/to different TRPs. And in NTN single-satellite scenario, the “single satellite (or HAPS) in view by the UE at a time” can be considered as a “TRP for positioning purpose”. 
[bookmark: _Hlk115182361]For DL-TDOA, as illustrated in Figure 3, PRS can be transmitted at time t1, t2 and t3, and correspondingly with different satellite locations. A potential technical issue is that the time interval of PRS transmission should be within a proper range, as a long PRS interval can provide higher positioning accuracy (longer distance between satellite locations can improve the positioning accuracy), but considering the potential movement of UE the positioning procedure shouldn’t take a long time (otherwise, the positioning error may exceed the required 5-10 km).


Figure 3 application of DL-TDOA in NTN single-satellite case

Observation 3: in single-satellite NTN scenario, the time interval of PRS transmission for DL-TDOA should be within a proper range, as a long PRS interval can provide higher positioning accuracy, but considering the movement of UE the positioning procedure shouldn’t take a long time.
For UL-TDOA, how to handle the different TA values applied for each SRS transmission is also a technical issue. As illustrated in Figure 4, the uplink TA is calculated by UE autonomously based on UE GNSS coordinates and satellite ephemeris, and the UE is supposed to transmit SRS multiple times (e.g., at time t1, t2 and t3) for positioning purpose. Then the impact of different TA values should be taken into account when the network calculates the UL-RTOA.


Figure 4 application of UL-TDOA in NTN single-satellite case

Observation 4: in single-satellite NTN scenario, the different uplink TA value applied for each SRS transmission should be taken into account in UL-TDOA positioning methods.

Multi-RTT:
In the Multi-RTT positioning method, the UE location is estimated based on measurements performed at both UE and TRPs. The measurements performed at the UE and TRPs are UE/gNB Rx-Tx time difference measurements (and optionally DL PRS-RSRP and UL SRS-RSRP) of DL-PRS and UL-SRS, which are used by an LMF to determine the RTTs. The concept of Multi-RTT is illustrated in Figure 5.


Figure 5 concept of legacy Multi-RTT positioning method

In NTN single-satellite scenario, considering the satellite is moving all the time, the time interval between PRS transmission and SRS reception should be within a proper range to meet the positioning accuracy requirement.
Observation 5: In NTN single-satellite scenario, considering the satellite is moving all the time, the time interval between PRS transmission and SRS reception should be within a proper range to meet the positioning accuracy requirement.
Based on the analysis above, there are technical issues with these existing positioning methods, and it’s in RAN1 scope to address these issues and figure out the corresponding technical enhancements. So RAN2 discussion on enhancements to positioning methods should be postponed until RAN1 provides further input.
Proposal 1: regarding the technical enhancements to positioning methods (e.g., how to adapt them in single-satellite NTN scenario), RAN2 should wait for RAN1 further input.

3. Conclusion
In this paper, we discuss the technical issues of existing positioning methods in single-satellite NTN scenario, and we have the following observations:
Observation 1: in NTN scenario, the beams generated by satellites are in a from-top-to-ground manner, and the RSRP distribution on ground is relatively “flat”. It’s not clear whether E-CID positioning methods can meet the NTN requirements.
Observation 2: in NTN scenario, as all the PHY signals are relayed by the satellite, the AOA/AOD information is common for all UEs in a NTN cell. It’s not clear whether DL-AoA positioning methods can meet the NTN requirements.
Observation 3: in single-satellite NTN scenario, the time interval of PRS transmission for DL-TDOA should be within a proper range, as a long PRS interval can provide higher positioning accuracy, but considering the movement of UE the positioning procedure shouldn’t take a long time.
Observation 4: in single-satellite NTN scenario, the different uplink TA value applied for each SRS transmission should be taken into account in UL-TDOA positioning methods.
Observation 5: In NTN single-satellite scenario, considering the satellite is moving all the time, the time interval between PRS transmission and SRS reception should be within a proper range to meet the positioning accuracy requirement.
And we propose:
Proposal 1: regarding the technical enhancements to positioning methods (e.g., how to adapt them in single-satellite NTN scenario), RAN2 should wait for RAN1 further input.
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