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Introduction
In RAN#98 meeting, the following WID objectives was defined for network-verified UE location [1]:
	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.



Based on the RAN plenary outcome, this contribution focuses on an analysis of the refined objectives and presents observations and proposals for development of the target features.
[bookmark: _Hlk510705081]Discussion	
Rx-Tx time measurements
Multi-RTT positioning method is based on downlink (DL) and uplink (UL) signal and time measurements. Both UE and gNB measure their respective Rx-Tx time difference and report this information to the location mobility function (LMF). DL measurements are carried out using DL positioning reference signals (DL PRS), while UL measurements use sounding reference signals (UL SRS). 
The role of the UE is to measure the timing of the DL PRS and send UL SRS to the gNB. The difference between these two measurements corresponds to the UE Rx-Tx time difference that is reported to the LMF. The LMF will use it together with the gNB Tx-Rx time difference to estimate the RTT and, ultimately, provided sufficient samples with enough separation, the UE position.
In last RAN1#112 meeting, it was acknowledged that current definitions of UE and gNB Tx-Rx time difference in [3] may require enhancements. The definitions of UE and gNB Rx-Tx time difference in TS 38.215 [3] were originally written/defined for terrestrial scenarios where propagation delays are much shorter and timing advance (TA) for most scenarios is less than 1 ms. Thus, one UE-gNB multi-RTT measurement may take longer to obtain a first valid sample to be used in the UE location estimation. On top of this, with only one satellite the verification of the UE location will require multiple multi-RTT measurements. Figure 1 shows the issue of using Release 17 definitions in NTN. Large delays and TA impact the Rx-Tx time measurements and lead to inaccurate RTT measurements. 
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[bookmark: _Ref130804639]Figure 1 Release 17 multi-RTT Rx-Tx time measurements in NTN.

Another aspect to consider is the reporting range of UE Rx-Tx time difference. As indicated in TS 38.133 [4], the resolution of the multi-RTT report is given by  - where  is the basic time unit – and the report range is from -985024Tc to 985024Tc. This means that the report range supported in current specifications only covers for [-0.5, 0.5] ms. However, it is insufficient to resolve the multiple possibilities of UL slot offset in NTN, especially for the geostationary case. If the reporting range is increased to accommodate large propagation delays but the number of bits is maintained, the resolution will decrease. This issue will worsen the accuracy of the UE location estimation. On the other hand, if the number of bits is increased to accommodate larger reporting range, the signalling overhead will be increased.
Observation 1: The accuracy of the UE location estimation depends on the time difference reporting range. 
Observation 2: In NTN, the current UE Rx-Tx time difference reporting range is insufficient to resolve multiple possibilities of UL slot offset.
Proposal 1: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
The following was agreed in the last RAN1#112 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



In RAN1#103-e it was agreed that if DL and UL frame timing is not aligned at gNB (i.e. Option 1 and 2), the scheduling offset K_mac is needed for UE action and assumption on DL configuration indicated by MAC-CE command in PDSCH. In Figure 2, it is shown the applicability of current specifications when K_mac is considered during gNB Rx-Tx time difference measurements. The use of scheduling offsets (e.g. K_mac and Koffset) alter the understanding of gNB Rx-Tx time difference and can be used to achieve a good RTT estimation accuracy by deducting the value of Koffset from the UE Rx-Tx time difference. This provides a smaller range to be reported over the air interface and will thereby increase the accuracy without substantial additional overhead. Any remaining slot difference in frame timing would potentially be reported as a separate value.
Proposal 2: The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.
Proposal 3: The slot offset between DL and UL slot is reduced by K_offset prior to being reported to the LMF to reduce the additional overhead of reporting.
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[bookmark: _Ref130812645]Figure 2 Release 17 multi-RTT Rx-Tx time measurements in NTN considering kmac.

Mirror-point ambiguity
Using only a single satellite, time measurements will be sampled on a single line which is described by satelite’s path during the fly-over. This reduction of the “space” when limiting to a single satellite will reduce the general accuracy. On top of this, the multi-RTT method is solely based on rough estimations of the RTT between the UE and a reference point. These RTT measurements are later mapped into distances that are used to estimate the UE location using multilateration. Only using distance-based positioning methods within the network will cause the problem of “mirror images”, where two geographical points or areas will show the same physical characteristics when being observed from the satellite’s viewpoint. These two points or areas will be seen as symmetrical around the orbital plane.
In the last RAN1#112 meeting, the following was agreed to resolve the mirror-point ambiguity:
	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.




One crucial aspect to note is that at RAN2#120, RAN2 agreed that the mirror point ambiguity can be resolved through neighbour cell measurements.
Agreement:
1. RAN2 assumes that in general the mirror point issue can be resolved by properly configuring neighbor cell measurement to UE, for example, measurement of two neighbor cells in the opposite side of a satellite beam. FFS if there are any cases that require anything in the specs

Observation 3: Neighbor cells measurements can solve the mirror-point ambiguity.
In the example below we show how UE measurements can be used to differentiate between the two mirror points for two different cases. The orbital plane is right in the middle of the 7 cells in the vertical direction. The cells have a 50 km diameter and a LEO satellite at 600 km is used. The two cases are as follows:
Case a: UE is 16.7 km away from the orbital plane
Case b: UE is 5.5km away from the orbital plane 
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a)                                b)
Figure 3 Illustration of the two setups (a and b) with one serving cell, a UE (red triangle) and movement due to satellite movement (red dashed line with arrow) for Earth moving cells. 
Figure 2 shows the ideal RSRP traces (no fading, no measurement errors) over time of the different cells for setup a and b. Looking at setup a) it can be seen that the RSRP levels for the cells on the right side (i.e. SB6, SB2, and SB10) are stronger than the corresponding RSRP levels for the cells on the left side (i.e. SB7, SB3, and SB11), whereas the difference is smaller for case b, as the UE is closer to the orbital plane.
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a)                                b)
Figure 4 RSRP traces for setup a and b versus time.
In general the following cases may be considered:
1. UE on or very close to the orbital line. The two mirror points are very close together (the distance between the points is less that 10 km apart, i.e. the UE position less that 5 km away from the orbital line), so no differentiation is needed, as the required accuracy is already reached.
2. UE is very far away from the orbital line, as in the situation where is associated to a cell which is not having coverage area intersecting with the orbital line. In that case, the serving cell association may be used to assist the differentiation for verification purposes.
3. UE is in between case 1 and case 2. This is the case where additional extra information is needed for validation purposes, so further studies should focus on this situation.

In particular the worst point to consider when neighboring cells are used is when the UE is 5.5 km away from the orbital line, as the neighboring cells are far away while the two mirrorpoint are separated by more than 10 km. This is like setup b) above. It should be noted that any inaccuracy in the specific positioning method should also be accounted when considering the minimum needed separation from the orbital line. That is, if e.g. multi-RTT based method will determine the UE position with an accuracy relative to the orbital plane of +/- 1 km, the associated mirror point/area algorithm need to take this into account and further increase the requirements of the separation algorithm (by reducing from 5.5 km to 4.5 km in this example).
As earlier stated the RAN2 agreements indicates a direction for the resolving the mirror point ambiguity could be resolved through neighbour cell measurements, but it is unclear which entity in the network would be responsible of configuring such measurements.
Proposal 4: RAN1 to ask RAN3/RAN2 for guidance on which entity configures the measurements needed for resolving the mirror point ambiguity. 
One counter argument for using the RSRP measurements as proposed above is that this creates extra overhead for the reporting. However the signalling can be compressed as what matters is the relationship between cells on the line pendicular to the orbital line.
Proposal 5: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.

Use of multiple satellites
The WID objectives in [1] captures the following note:
	Note 4: Multiple satellite in view by the UE may be considered if time allows.



While the primary target is that the network can verify the UE position with a single satellite, multiple satellites are not excluded. One of the benefits of using multiple satellites is that the required time to determine the UE location decreases significantly, as the method then does not depend on the movement of a single satellite, when there are at least 3 satellites in view. Even with 2 satellites the required time is lowered significantly. At the same time the number of satellites - especially in low orbits - is increasing significantly and satellite systems grow in number of satellites, like for instance Starlink and OneWeb show. 
As pointed out in [2], a long period of verification is undesired due to UE power saving concerns and the UE accessing a PLMN that may not be allowed. Similarly as when other positioning methods are used, using a larger number of uncorrelated space samples will benefit the verification method to estimate the UE location significantly reducing duration of the procedure.
Observation 4: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.
In case that multiple satellites are in view of the UE, it was concluded earlier that it is beneficial to use them in order to determine the UE position faster. However, as the UE needs to listen to the downlink signals from different TRPs (which may be shifted due to different Doppler shifts from different satellites) and transmit in the uplink, some additional assistance information would be useful for NTN:
· Satellite ephemeris of the relevant satellites.
· Gaps to listen to/transmit reference signals to the relevant cells. These gaps need to be known by the UE and the serving cells, in order to avoid the serving cells scheduling the UE at those gaps, while the gaps depend on the timing of these signals in the relevant neighboring satellites.
Proposal 6: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.

RSRP dependency
Positioning methods such as multi-RTT take into account the propagation delays that reference signals experience from one end to the other of the radio link. These delays are used to estimate the corresponding physical communication distance and approximate the UE location. In this context, a clear line-of-sight (LOS) path between UE and TRP is preferable because the positioning accuracy is subject to the similarity between the actual geometric distance and the propagation delay based distance. Furthermore, in NTN a poor link budget is expected due to the long distances between UE and TRPs, especially in the uplink where the transmission power is limited. This may hinder proper transmission/reception, when the UE is shadowed by a surrounding element such as buildings, terrain elevations and canopy. 
Observation 5: The estimation accuracy and the execution time of the UE location verification procedure may depend on the radio channel conditions.
For multi-RTT case, the method requires measurements from, at least, one satellite over time to create satellite location samples. However, as indicated above, the combined duration of the collection of the measurement samples for the evaluation is an important factor because a long period of verification would allow a UE in a not-allowed location to obtain service from that PLMN. For that reason, the UE location verification process should be initiated as soon as possible, even at low elevation angles when the likelihood of NLOS is larger and the link budget poorer. 
Observation 6: The UE location verification process should be initiated as soon as possible even at low elevation angles when radio propagation conditions are not favorable. 
Proposal 7: RAN1 to discuss mitigation techniques for poor radio propagation conditions.

Conclusion
In this contribution we have presented our observations and proposals which are as follows:
Observation 1: The accuracy of the UE location estimation depends on the time difference reporting range. 
Observation 2: In NTN, the current UE Rx-Tx time difference reporting range is insufficient to resolve multiple possibilities of UL slot offset.
Observation 3: Neighbor cells measurements can solve the mirror-point ambiguity.
Observation 4: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.
Observation 5: The estimation accuracy and the execution time of the UE location verification procedure may depend on the radio channel conditions.
Observation 6: The UE location verification process should be initiated as soon as possible even at low elevation angles when radio propagation conditions are not favorable. 

Proposal 1: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
Proposal 2: The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.
Proposal 3: The slot offset between DL and UL slot is reduced by K_offset prior to being reported to the LMF to reduce the additional overhead of reporting.
Proposal 4: RAN1 to ask RAN3/RAN2 for guidance on which entity configures the measurements needed for resolving the mirror point ambiguity. 
Proposal 5: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.
Proposal 6: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.
Proposal 7: RAN1 to discuss mitigation techniques for poor radio propagation conditions.
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