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As part of Release 18, a new work item in RAN was proposed to define enhancements for NG-RAN based Non-Terrestrial Networks [1]. 

In this discussion paper we discuss potential necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view.

Principle of multi-RTT positioning with single satellite in view
The principle of the multi-RTT computation performed with only one satellite in the 5G NTN context is illustrated in Figure 1. The RTT measurements (corresponding to the round trip time on the service link) can be repeated in different instants, and from different positions on the satellite orbit. On ground, every measured RTT corresponds to a circle (or a ring by considering the RTT measurement error). The subsequent measurement of RTT will describe a different circle of different diameter (depending if distance increase or decrease), and with a different center. In this way the intersection of all the circles will point at the UE location (assumed not moving). 
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Figure 1 multi-RTT based positioning with single satellite

To perform RTT measurements, satellite movement between TX and RX (the uplink and down link one-way delays are different) should be taken into account. To this aim, every measured RTT should correspond to an ellipse (and not circle) on the ground : For each measured RTT the possible UE location is traced by a point moving in  the space so that the sum of its distances from two anchor points (the foci/ the two focal points) is constant = measured RTT. The two anchor points are the satellite positions at TX and RX respectively.
Different measurements of RTT will describe different ellipses with different eccentricity. The intersection of these ellipses with the ground will determine the resulting UE position uncertainty area.


Impact of the geometry on the accuracy of multi-RTT positioning method 
The geometry of the receiver-transmitter is affecting position precision in any ranging system. How observation geometry relating the UE and positioning anchor points (TRP) affects the network verified UE location was discussed in [9]. For example, for a UE located on the orbital plane it is clear from Figure 1 if all RTT measurements are performed when the satellite is on left to plane v, the intersection of the three spheres will result  in very large/infinite position uncertainty areas.
The position (3D) dilution of precision (PDOP) values obtained through simulations [9] are excessively large/poor for the UE located nearby the orbital plane. In several contributions submitted to RAN1#111, it was reported that the geometry of UE location relative the satellite orbit impacts the positioning performance. In [10] for example it was also observed via simulation that the error in position estimation depends largely on the UE position relative to the satellite points on the ground which are below the orbit or close to it have very poor resolution in the position.


[image: ]

Figure 2 The impact of geometry of the receiver-transmitter on position precision

RAN1#112 made the conclusion that geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.

Based on the above conclusion, we propose to consider the position dilution of precision (PDOP) [5] as a performance metric for the implementation of the multi-RTT based positioning method for the following scenarios: a single satellite in view and multiple satellite in view. With a single satellite in view, the arrangement of the satellite positions on the orbit (satellite geometry and how satellite positioning/anchoring points for positioning are spread) affects the accuracy of the positioning. The PDOP is a measure of the quality of derived positions based on the geometry of the virtual TRPs (corresponding to the satellite positions at which the Rx-Tx time difference measurements are performed) used as anchor points to compute the positioning. It is a fundamental metric to be considered when collecting data/RTT measurement for UE location verification: The higher the DOP, the greater the possible error in the accuracy of UE position. 

With the above in mind, we propose that the satellite positions (vTRP) at which the Rx-Tx time difference measurements will be performed are determined based on PDOP calculation at network side. Because the PDOP values are only functions of UE and future satellite positions (vTRPs), it may be used by the network (e.g. LMF and/or gNB) to ahead of time for a set of future satellite positions (to be used as TRPs) in view from a specified location (e.g. UE location and/or a reference point at the beam/cell; cell center for example).

Proposal 1:
For multi-RTT based positioning in NTN, the satellite positions (vTRP) at which the Rx-Tx time difference measurements will be performed are determined based on PDOP calculated at network side (LMF).

The Multi-RTT positioning performance is assessed by the network (LMF) from a geometric perspective by using the PDOP to determine the vTRP positions and the appropriate time windows used for Rx-Tx time difference measurements during the satellite fly-by. The basic principle vTRP determination is as follows:
Once the UE is connected, the AMF triggers the location services request toward the LMF, then:
1. LMF calculates the PDOP before returning the UE location verification results to the AMF.
1. PDOP is calculated based on the UE reported GNSS location and/or a reference point within the cell/beam and future satellite positions (vTRPs) on the satellite orbit in case of single satellites that are appropriate for making accurate decisions.
1. By considering RTT measurement error of 200ns (resulting in a ranging error of 60m), and the target accuracy for position verification of 10km (as documented in clause « recommendations » of the 3GPP TR 38.882), the resulting position  Error = 10 000 m  =  PDOP x 60m. Thereby, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166.
1. Pre-requisites: LMF should have the constellations  (or serving satellite) ephemeris data
1. If a good geometry (relating the UE and vTRPs) can be found. That is, suitable satellite anchor points for positioning that provide lower DOP values (maximizing the positioning accuracy) can be determined, the LMF will trigger the UE location verification procedures by initiating multi-RTT methods and providing the satellites anchor points for positioning to the NGRAN/UE.

LMF performs the UE location verification if the calculated DOP represents a level that marks the minimum appropriate for making accurate decision (sufficient for UE location verification). Otherwise, if the calculated DOP is high (> 166), the UE verification cannot be performed with sufficient accuracy. Thereby, the LMF will not perform the UE location verification and simply inform the AMF that the DOP is out of range. LMF returns the result to the AMF, the AMF can then take the necessary action.

For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166

Assistance data for Multi-RTT positioning with single Satellite
Information to be transferred from the UE to LMF
As specified in clause 8.10.2.2 of TS 38.305, apart from the UE Rx – Tx time difference, the assistance data that may be signaled from UE to the LMF is listed in Table 1

Table 1 Information to be transferred from the UE to LMF [TS 38.305]
	Information

	PCI, GCI, and PRS ID, ARFCN, PRS resource ID, PRS resource set ID for each measurement

	DL-PRS-RSRP measurement

	UE Rx-Tx time difference measurement

	Time stamp of the measurement

	Quality for each measurement

	TA offset used by UE

	UE Rx TEG IDs, UE Tx TEG IDs, and UE RxTx TEG IDs associated with UE Rx-Tx time difference measurements 

	LOS/NLOS information for UE measurements 

	DL-PRS-RSRPP measurement

	The association of UE Tx TEG ID and SRS



As discussed in section 3, the anchor point (that is TRP position) for positioning in NTN should be located at the satellite. Thereby, for the RTT-based positioning it is enough to estimate only the distance between the satellite and the UE. This can be determined based on the estimated RTT on the service link. However, if the uplink time synchronization reference point is the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement, the UE should report also  that is applied by the UE to compensate the two-way transmission delay between the uplink time reference point and the satellite.

Observation 3: 
For multi-RTT based positioning in NTN, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF 

Upon the receipt of LPP Request Location Information/Multi-RTT measurements from the LMF, the UE performs DL PRS measurements at different (consecutive) vTRP. Although the LMF may has already assisted the UE by indicating the vTRP positions or the time intervals at which the PRS should be measured based on vTRP determination using the GDOP, it is reasonable that the UE includes within the measurement result the position of the satellite at DL-PRS measurements for Multi-RTT.
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Figure 3 Information to be transferred from the UE to LMF in NTN

Observation 4: 
For multi-RTT based positioning in NTN, the UE includes the position of the satellite when DL-PRS measurements are performed to the measurement results that need be transferred from UE to the LMF.

Information to be transferred from the gNB to LMF
As specified in clause 8.10.2.3 of TS 38.305 the assistance data that may be transferred from gNB to the LMF is listed in the following Table 2.

Table 2 Information to be transferred from the gNB to LMF [TS 38.305]
	Information 

	PCI, GCI, ARFCN and TRP IDs of the TRPs served by the gNB

	Timing information of TRPs served by the gNB

	DL-PRS configuration of the TRPs served by the gNB

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	Spatial direction information of the DL-PRS Resources of the TRPs served by the gNB

	Geographical coordinates information of the DL-PRS Resources of the TRPs served by the gNB

	TRP type

	On-demand DL-PRS information

	TRP Tx TEG association information



Because the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement is located at the satellite payload (refer to section 4) which may be different from the reference point for uplink synchronization, it is necessary for the gNB to indicate to the LMF the value of the value of  𝑘mac used by gNB and the value of TACommon at the time of gNB Rx – Tx time difference measurement is performed.

Further, as discussed in section 5 the gNB may need to provide the LMF with the ephemeris data in PVT state vector format or Keplerian format and associated epoch time.

Observation 5: 
For multi-RTT based positioning in NTN, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the following assistance data may be transferred from gNB to the LMF:
1. The value of the value of  𝑘mac used by gNB 
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed

Upon the receipt of NRPPa Measurement Request from the LMF, the gNB performs UL SRS measurements at different (consecutive) vTRP. Although the LMF may has already assisted the gNB by indicating the vTRP positions or the time intervals at which the SRS should be measured based on vTRP determination using the GDOP, it is reasonable that the gNB includes within the measurement report the position of the satellite at UL-SRS measurements for Multi-RTT.

Observation 6: 
For multi-RTT based positioning in NTN, the gNB includes the position of the satellite when UL-SRS measurements are performed to the assistance data that may be transferred from gNB to the LMF.

As proposed in section 5, for RTT-based positioning in NTN with single satellite in view, based on GDOP calculation, the LMF determines the appropriate geometry and vTRP positions with the suitable time to perform Multi-RTT measurements. To this aim, in the response to NRPPa TRP INFORMATION REQUEST message the gNB indicate as part of TRP configuration information the serving satellite ID, cell/beam reference point. The LMF may have access (e.g. via O&M) to satellite ephemeris data, otherwise, it may trigger NRPPa Ephemeris INFORMATION REQUEST towards the gNB to retrieve ephemeris data in PVT state vector format or Keplerian format along with the associated epoch time.
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Figure 4 Information to be transferred from the gNB to LMF in NTN

Proposal 2: 
For multi-RTT based positioning in NTN, the gNB may provide the LMF with assistance data including:
1. Satellite ID
1. Cell/beam reference point
1. The ephemeris data in PVT state vector format or Keplerian format along with the associated epoch time.

Information to be transferred from the LMF to UE
The information that may be transferred from the LMF to the UE are listed in clause 8.10.2.1 of TS 38.305 and recopied in Table 3.

Table 3 Assistance data that may be transferred from LMF to the UE [TS 38.305]
	Information 

	Physical cell IDs (PCIs), global cell IDs (GCIs), and PRS IDs, ARFCNs of candidate NR TRPs for measurement

	Timing relative to the serving (reference) TRP of candidate NR TRPs

	DL-PRS configuration of candidate NR TRPs

	SSB information of the TRPs (the time/frequency occupancy of SSBs)

	PRS-only TP indication

	On-Demand DL-PRS-Configurations

	Validity Area of the Assistance Data



For RTT-based positioning in NTN, to perform the necessary DL-PRS measurements, the LMF may need to assist the UE by indicating the vTRP positions or the time intervals at which the PRS should be measured based on vTRP determination using the GDOP as discussed in section 5. This assistance data can be transferred to the UE using LPP Provide Assistance Data message as shown in Figure below:
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Figure 5 Information to be transferred from the LMF to UE in NTN

Proposal 3: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the PRS should be measured.

Information to be transferred from the LMF to gNB
The Positioning Activation/Deactivation request information that may be signalled from the LMF to the gNB is listed in Table 4.

Table 4 Requested positioning activation/deactivation information that may be transferred from LMF to gNB [TS 38.305] .
	Information 

	SP UL-SRS:
	- Activation or Deactivation request
	- Positioning SRS Resource Set ID which is to be activated/deactivated
	- Spatial relation for Resource IDi
	- Activation Time

	Aperiodic UL-SRS
	- Aperiodic SRS Resource Trigger List
	- Activation Time

	UL-SRS:
	- Release all



For RTT-based positioning in NTN with single satellite in view, the LMF provides the time and time period for aperiodic SRS activation based on the vTRP determined using the GDOP.
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Figure 6 Information to be transferred from the LMF to gNB in NTN

Proposal 4: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the aperiodic SRS should be activated.

Conclusion
In this contribution, we made the following observations and proposals:


Observation 1:
RAN1#112 made the conclusion that geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.

Proposal 1:
For multi-RTT based positioning in NTN, the satellite positions (vTRP) at which the Rx-Tx time difference measurements will be performed are determined based on PDOP calculated at network side (LMF).

Observation2: 
For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166.

Observation 3: 
For multi-RTT based positioning in NTN, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF 

Observation 4: 
For multi-RTT based positioning in NTN, the UE includes the position of the satellite when DL-PRS measurements are performed to the measurement results that need be transferred from UE to the LMF.

Observation 5: 
For multi-RTT based positioning in NTN, if the reference point for definition of gNB Rx – Tx time difference measurement is onboard the satellite, the following assistance data may be transferred from gNB to the LMF:
1. The value of the value of  𝑘mac used by gNB 
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed

Observation 6: 
For multi-RTT based positioning in NTN, the gNB includes the position of the satellite when UL-SRS measurements are performed to the assistance data that may be transferred from gNB to the LMF.

Proposal 2: 
For multi-RTT based positioning in NTN, the gNB may provide the LMF with assistance data including:
1. Satellite ID
1. Cell/beam reference point
1. The ephemeris data in PVT state vector format or Keplerian format along with the associated epoch time.

Proposal 3: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the PRS should be measured.

Proposal 4: 
For multi-RTT based positioning in NTN, the LMF indicates to the UE the vTRP positions or the time intervals at which the aperiodic SRS should be activated.

Appendix
RAN1#112 agreements
The following agreements and conclusion were made at RAN1#112:

Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN

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

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

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:
· 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

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 positioningOther solutions are not precluded

Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.
Outcomes of RAN1 study on network verified UE location 
During the study carried out in RAN1 on the potential solutions for the network verified UE location, the following the conclusions were made:

Conclusion:
For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements
· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s

Conclusion
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.

Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.

References
[1] RP-230809 (revision of RP-223534) Revised WID: NR NTN (Non-Terrestrial Networks) enhancements Thales
[2] 3GPP TS 38.305. « NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN (Release 15)  »
[3] 3GPP TS 38.855. “Study on NR positioning support”
[4] TS 38.455. NG-RAN; NR Positioning Protocol A (NRPPa)
[5] Richard B. Langley. "Dilution of Precision" GPS World. May 1999
[6] https://en.wikipedia.org/wiki/Dilution_of_precision_(navigation)
[7] 3GPP TS 38.215. Physical layer measurements (Release 17)
[8] 3GPP TS 38.133. R; Requirements for support of radio resource management (Release 17)
[9] R1-2210948. Discussion on network verified UE location in NR NTN. Thales. November 2022
[10] R1-2212137. Network verified UE location for NR NTN. Qualcomm Incorporated. November 2022

image3.png
UE ghB S25a. LPP Request Location Information LMF
(to request Multi-RTT measurements)
<

S25b. DL PRS S25¢c. UL SRS

measurements Measurements

at different at different

(consecutive) (consecutive)

VTRPs VTRPs

S26. LPP Provide Location Informati¢n (e.g. at different (consecutive) vTRPs + DL-PRS

measurements + Related Satellite position (position of the satellite at DL-PRS

measurements for Multi-RTT) N
S27. NRPPa Measurement Response (e.g. at different
(consecutive) VTRPs + UL-SRS measurements related to
Satellite position + Related Satellite position (position of
the satellite at UL-SRS measurements for Multi-Rﬁ)L





image4.png
UE aNB

S11. NRPPa TRP INFORMATION REQUEST
(TRP configuration information request: NR CGI,

Satellite Cell/beam reference point, Satellite ID)

LMF

R

Cell/beam reference point, Satellite ID)

S$12. NRPPa TRP INFORMATION Response/Failure
(TRP configuration information: NR CGI, Satellite

Keplerian format, Epoch time)

S13. NRPPa Ephemeris INFORMATION REQUEST
(Ephemeris data in PVT state vector format or

(Ephemeris data in PVT state vector format or
Keplerian format, Epoch time)

S14. NRPPa Ephemeris INFORMATION Response

S15. LPP Request Location Information

response time..)

(GNSS mode, positioning methods (GPS, Galileo, GLONASS...), accuracy,

S16. LPP Provide Location Information

»>|

$30. GDOP
calculation and
VvIRP
determination





image5.png
UE

S24. LPP Provide Assistance Data
LMF indicates the vTRP positi
be measured based on vTRP d

gNB

s or the time intervals at which the PRS should

{‘o perform the necessary DL-PRS measurements, the
termination using the GDOP)

<
S25a. LPP Request Location Information
(to request Multi-RTT measurements)
<
S25b. DL PRS S25¢c. UL SRS
measurements Measurements
at different at different
(consecutive) (consecutive)
VTRPs VTRPs





image6.png
UE agNB LMF
520. NRPPa Positioning Activation Request

(to request UL aperiodic SRS activation: LMF provides the
time and time period for aperiodic SRS activation

S21. Activate UE SRS based on the vTRP determined using the GDOP)
transmission —

$22. NRPPa Positioning Activation Response





image1.png
Resulting position uncertainty areas

RTT measurement error

Orbital plane





image2.png
.

>
Orbital plane

R
k@wﬁ %JZTQ

VIRP1  VTRP2  \TRP3





