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Introduction
[bookmark: _Hlk127365817]In RAN#98e [1], the objective of Rel-18 work item on NR NTN enhancements for network verified UE location was agreed as following:
	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



During the RAN1 #113, following was agreed:
	Agreement
For network verified UE location in NTN, satellite ephemeris information should be available at the LMF.

Agreement
For network verified UE location in NTN common TA information should be reported at least from gNB to LMF. 

Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF. 



This contribution provides a discussion into the different aspects for consideration in relation to the support of network verified UE location for NTN deployments.
Multi-RTT enhancements for NW verified UE location
The positioning methods in 3GPP are devised for terrestrial networks, where the network node (e.g., gNB) is static and at least three measurements for signals transmitted (e.g., PRS) from three network entities (e.g., gNBs) are needed for computation of precise location estimates at least in the case of DL-TDoA. However, in NTN using a transparent payload architecture, a UE connects to the network via satellites that are moving along an orbital plane. Moreover, a common scenario in NTN is the case of single satellite in view, where location estimates are to be calculated using a single node. The positioning methods such as Multi-RTT may work for single satellite (although with low accuracy) by utilizing the movement of satellites, i.e., by performing measurements at multiple time instances. Performing measurements at multiple instances may add significant latency that may be another issue. Therefore, for the positioning procedures to work at least for single satellite, some signalling enhancements may be needed, while only adding an acceptable amount of latency. 
Proposal 1: RAN1 to study low latency signalling enhancements to support Multi-RTT positioning with single satellite.
Measurement configuration and reporting enhancements
In the case of Multi-RTT with single satellite, three or more measurements at different time instances may be required to estimate a location of target UE, where there should at least be some minimum gap between the measurements for Multi-RTT to work. If there is no minimum gap then the circle/rings formed at different times may overlap each other, resulting in accurate positioning estimates, whereas this measurement gap may be in the order of seconds for Multi-RTT to work. Current specifications for Multi-RTT do not define how this gap may be configured in NTN context or how the measurements may be configured for multiple time instances for single satellite, or how periodicity of a measurement configuration may mean for single satellite case.
Similarly, some reporting enhancements may be needed to relate the measurements performed by UE at different time instances with a defined measurement gap. In addition, it would be beneficial to enable the UE to report measurements at pre-defined configurable time instances. Moreover, generating multiple reports over a long period, e.g., spanning up to 60 sec, may further add to latency that is already quite high in case of single satellite. Therefore, in the context of Multi-RTT with single satellite, further study may be needed to identify how existing measurement configurations and reporting procedures may translate for the single satellite case, what additional enhancements may be needed for both downlink and uplink reference signals and how the existing procedures may be modified to reduce the latency,
Proposal 2: RAN1 to identify the measurement configuration and reporting enhancements needed for low latency Multi-RTT method with single satellite for both uplink and downlink reference signals.
gNB/UE Rx-Tx time difference definition for NTN
[bookmark: _Hlk131444793]gNB/UE Rx-Tx time difference definition for NTN
[bookmark: _Hlk127194550]The current specification defines the gNB Rx-Tx time difference, used in Multi-RTT, as
	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
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 downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.


However, this definition may be misleading or result in inaccurate information for the case of NTN systems with transparent payload and with a single satellite in view. During the RAN1#112 meeting, several options were considered for gNB Rx-Tx  and UE Rx-Tx time difference definitions, where following agreement was made to down select one of the options for gNB Rx-Tx definition.
	Agreement
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:
· [bookmark: _Hlk131444115]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



While following options were agreed for the enhancement/modification of UE Rx-Tx time difference definition.
	[bookmark: _Hlk134606746]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


During the RAN1#112e meeting, these options were down selected and rearranged as a combination of three alts, where following agreement was achieved.
	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



In our opinion, all options for gNB and UE Rx-Tx time difference may work in NTN but with different accuracy and reporting details. Out of these options, we prefer option 4 for gNB Rx-Tx time difference as it truly depicts the actual gNB Tx-Rx time difference and will simplify reporting for Multi-RTT calculations. Like gNB Rx-Tx time difference definition, we prefer option 2 for UE Rx-Tx time difference, since in our view options 1, 3, and 4 may not fully capture the time varying nature of received subframes because of satellite movement, and that may eventually result in wrong time difference.  Even in some cases, the other options may work for some limited scenarios, however, theses may result in higher reporting overhead. As shown in figure 1, the UE Rx-Tx time difference should be calculated based on the arrival time of the actual DL PRS and transmit time of an actual SRS, e.g., t4-t3 in figure, whereas the gNB Tx-Rx time difference in NTN should be the actual time difference between the transmit time of a DL PRS and the arrival time of SRS that is calculated at a reference point, e.g., a satellite. Therefore, we prefer Alt-3.
Proposal 3: The gNB Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., gNB Rx-Tx time difference indicates the actual time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS at a reference point.
Proposal 4: The UE Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., UE Rx-Tx time difference indicates the actual time difference between the arrival time of a DL PRS for positioning and the transmit time of an SRS.

[image: ]
Figure 1: An illustration of gNB/UE Rx-Tx time difference in NTN
Reference location in gNB Rx-Tx time difference definition for NTN
Current reference point definition may need to be updated for Multi-RTT to work for NTN systems. In this regard, following agreement was made during the 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 our point of view, option 1 and option 3 may be considered, where option 1 may be more feasible. If option 3 is considered, i.e., gNB on ground transmit-receive time difference, this may result in additional signalling information exchange between NG-RAN node and location server, as the time difference would be calculated at the gNB on ground, e.g., t6-t1 time (time difference on service link plus feeder link) in figure 1, which may not be the actual required time difference. Thus, in this case, LMF may require additional information in order to calculate the actual time difference.
Observation 1: If gNB is considered as the reference point for definition of gNB Rx – Tx time difference measurement for transparent payload, this may require additional signalling enhancements between NG-RAN node and LMF.
For the case of NTN systems with transparent payload and with single satellite, the measurements from service link may only be needed for the calculation of gNB Rx-Tx difference, as the satellite Rx-Tx time difference is regarded as the time difference between DL-PRS transmit time from the satellite and UL-SRS receive time for Multi-RTT with single satellite in view.  For example, as indicated in the figure 1, the gNB Rx-Tx time difference would be from t5 to t2 which may be required for multiple time instances. Therefore, in our point of view, option 1 may be preferred, as it depicts the true gNB Rx-Tx Time difference that is needed for multi-RTT calculation in NTN.
[bookmark: _Hlk131608733]Proposal 5: In NTN, the satellite node may be considered for the position of the reference point for definition of gNB Rx – Tx time difference measurement.
[bookmark: _Hlk127364996]Polarization support indication for uplink and downlink reference signal for NTN positioning
In NR Rel-17, use of multiple polarization types such linear, left circular polarization (LHCP), and right hand circular polarization (RHCP) has been adopted in NTN, where it is optional for UE to support the polarization signalling in NR NTN. The polarization signalling is supported in SIB reception that indicates DL and/or UL polarization information. In addition, the polarization signalling is supported for target serving cell in handover command message and for non-serving cell in RRM measurement configuration. Currently there is no polarization indication support for reference signals used in positioning. This may be needed as a polarization mismatch can further degrade the positioning accuracy in NTN or increase the positioning latency, owing to low link budget in NTN. 
Observation 2: Polarization indication signalling is not supported for reference signal used in positioning.
Observation 3: A polarization mismatch may decrease the positioning accuracy and/or increase the latency.
Proposal 6: Support an indication of polarization to be used for uplink and downlink reference signals for positioning.
The use of a polarization for uplink and downlink reference signals for positioning may strongly depend on the ability of a UE to support a polarization type. Moreover, the location server may need to know which polarizations may be supported by the network node and/or UE, in order to correctly assign a polarization type for the reference signals or to evaluate the reason for low positioning accuracy. 
Proposal 7: Support a signalling mechanism to indicate the UE capability to support a polarization type for positioning.
[bookmark: _Hlk127289418][bookmark: _Hlk127365734]Mirror Ambiguity Resolution
For time based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite, there would be multiple measurements required at different time instances to estimate the UE location. However, the geometric circle/rings formed by the measurements at three time instances would center along the satellite orbital plane, and eventually that would result in intersection of the rings/circle at two points forming a mirror image of each other. Especially, this mirror ambiguity may always exist for all those UEs that are in the beams/cells underneath the satellite orbital plane, resulting in two location estimates of target UEs.  
Observation 4: The mirror ambiguity results in two positioning estimates of the target UE.
During RAN1#112 meeting, several options were listed for resolving mirror ambiguity.
	Agreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· [bookmark: _Hlk131503132]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
· [bookmark: _Hlk131503040]Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning
· Other solutions are not precluded




[bookmark: _Hlk131534780]In our view, gNB or LMF implementation may resolve the mirror ambiguity, but it may require some additional information exchange either between NG-RAN node and LMF or between UE and LMF. For example, the mirror ambiguity can be resolved if it is known to the NG-RAN node or LMF that a UE is located on the left or right side of the satellite orbital plane. This can be estimated by combining measurements from other methods, e.g., using UL angle of arrival measurements along with Multi-RTT measurements. A solution may be to beamform positioning reference signal in a way that beams are always pointing either to the left or right side of the satellite orbital plane. Thus, knowing only the beam identity of the positioning reference signal may be sufficient to know that UE is located on the left or right side of the satellite orbital plane, that in return would resolve the mirror ambiguity. In case of UL-AoA measurements, it may need to be further studied that whether the UL AoA angular resolution is sufficient to resolve the mirror ambiguity or not. Therefore, in our view, option 1 and option 2 may be considered as the starting point. 
[bookmark: _Hlk131534941]Observation 5: Mirror ambiguity may be resolved by implementation, but it may require some additional signalling information in the Multi-RTT positioning framework.
Observation6: Knowledge of positioning beam identity or uplink angle of arrival may be sufficient to resolve the mirror ambiguity.
[bookmark: _Hlk131705174]Proposal 8: RAN1 to further study whether uplink angle of arrival resolution is sufficient to resolve mirror ambiguity in time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite.
Proposal 9: Support option 1 or option 2, for solving the mirror error issue. FFS some additional signalling enhancements such as indication of beam location or coverage area may be required by gNB or LMF.
[bookmark: _Hlk127290665]Geometrical limitations of time based methods
During the study phase in RAN1 [2], it was observed by multiple companies that UEs that are along/near the orbital plane of the satellite and are only connected through that satellite, the location estimates for those UEs would not be accurate due to geometrical limitations of time-based positioning methods to accurately calculate the location estimates. These UEs would always be rejected even though these UEs may be valid UEs. Since, the satellite is constantly moving along the orbital plane, many UEs may fall under this area of uncertainty/ambiguity. One option is to make the verification procedure optional for those UEs that are in the coverage of single satellite, or AMF may not deregister a UE, if it is indicated to AMF by LMF that the UE is located under the satellite orbital plane.
Proposal 10: Send a LS to SA1 and SA2 to clarify about the verification procedure for UEs that are located under the orbital plane of a satellite and have a single satellite in view.  
Conclusion
The following observations are summarized as follows in relation to NTN network verified UE location:
Observation 1: If gNB is considered as the reference point for definition of gNB Rx – Tx time difference measurement for transparent payload, this may require signalling enhancements between NG-RAN node and LMF.
Observation 2: Polarization indication signalling is not supported for reference signal used in positioning.
Observation 3: A polarization mismatch may decrease the positioning accuracy and/or increase the latency.
Observation 4: The mirror ambiguity would result in two positioning estimates of the target UE.
Observation 5: Mirror ambiguity may be resolved by implementation, but it may require some additional signalling information in the Multi-RTT positioning framework.
Observation 6: Knowledge of positioning beam identity or uplink angle of arrival may be sufficient to resolve mirror ambiguity.
The corresponding proposals are summarized as follows:
Proposal 1: RAN1 to study low latency signalling enhancements to support Multi-RTT positioning with single satellite.
Proposal 2: RAN1 to identify the measurement configuration and reporting enhancements needed for low latency Multi-RTT method with single satellite for both uplink and downlink reference signals.
Proposal 3: The gNB Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., gNB Rx-Tx time difference indicates the actual time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS at a reference point.
Proposal 4: The UE Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., UE Rx-Tx time difference indicates the actual time difference between the arrival time of a DL PRS for positioning and the transmit time of an SRS.
Proposal 5: In NTN, the satellite node may be considered for the position of the reference point for definition of gNB Rx – Tx time difference measurement.
Proposal 6: Support an indication of polarization to be used for uplink and downlink reference signals for positioning.
Proposal 7: Support a signalling mechanism to indicate the UE capability to support a polarization type for positioning.
Proposal 8: RAN1 to further study whether uplink angle of arrival resolution is sufficient to resolve mirror ambiguity in time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite.
Proposal 9: Support option 1 or option 2, for solving the mirror error issue. FFS some additional signalling enhancements such as indication of beam location or coverage area may be required by gNB or LMF.
Proposal 10: Send a LS to SA1 and SA2 to clarify about the verification procedure for UEs that are located under the orbital plane of a satellite and have a single satellite in view.  
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