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This feature lead summary document aims to collect and align on company views on the issues related Network verified UE location in NR NTN. It contains a summary of the contributions under 9.11.2 at TSG-RAN WG1 #112. together with identified key issues. The goal of this document is also to provide recommendation on prioritization of discussion and whether any issues should be postponed.
A total of 21 TDocs have been submitted to current meeting for discussion. The source contributions are cited in references [1]-[21]:Please see the Appendix I (section 16) for the details, with all the proposals. 

This is the first meeting of the normative work on Network verified UE location for NR NTN. The outcomes of RAN1 study on network verified UE location can be found in section 18.
Topic#1 Reference signal for network verified UE location
Background
As per the revised WID [RP-223534] and 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.
Enhancements assume reuse of the RAT dependent positioning framework.
Companies’ contributions summary
On Topic#1, the companies made the following observations and proposals:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 1: Support reusing the existing reference signals, e.g., CSI-RS, for multi-RTT based location verification to avoid significant resource overhead and UE power consumption due to UE location verification. 


	Lenovo
	Observation 1: Polarization indication signalling is not supported for reference signal used in positioning.
Observation 2: A polarization mismatch may decrease the positioning accuracy and/or increase the latency.

Proposal 4: Support an indication of polarization to be used for uplink and downlink reference signals for positioning.
Proposal 5: Support a signalling mechanism to indicate the UE capability to support a polarization type for positioning.




1st round

Proposal 1-1
In NTN, A PRS resource set will contain PRS resources originating from the same satellite. Each PRS resource may correspond to a satellite/NR beam. When configuring the UE to measure on certain PRS resource within a PRS resource set, it may be needed to indicate the associated Satellite ID. And more importantly, in case of single satellite is used, PRS measurements may be restricted to the same serving cell (e.g. Earth fixed cell), thereby, the same DL PRS resource will be measured but at different occasions/instants in time. Thereby to uniquely identify a DL PRS Resource, a the Satellite position and/or EpochTime/ NTN timestamp may need to be added to the parameters describing a DL PRS Resource/ DL PRS Resource Set.

Based on the companies proposals/observations on topic#1 and with the above discussion in mind, the following proposal are made:

Initial proposal 1-1: 
Existing DL/UL positioning reference signals (i.e. PRS and SRS) and TRS are used for supporting Network verified UE location in NTN. 

FFS: Whether some enhancements on these reference signals are needed for NTN

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	This proposal needs further discussion. The proposal could be re-worded to just mention “Existing reference signals are used for supporting …”. The type of reference signal can be another discussion. 

	Samsung
	Agree with the proposal

	ZTE
	We think only PRS and SRS can be enough. Utilizing of additional RS that not considered in legacy TN positioning is not be needed.

	Panasonic
	We agree.

	Huawei, HiSilicon
	Generally fine with it. But it would be better to include CSI-RS in general, and take TRS as one example of CSI-RS.

A clarification question: what is the intention of the FFS, does it mean we will consider further enhancement of RS design?  

	CATT
	Support



The proposal 1-1 was discussed during offline and online sessions on day 1 of the meeting. The following agreement was made:

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


Proposal 1-2
In NTN, A PRS resource set will contain PRS resources originating from the same satellite. Each PRS resource may correspond to a satellite/NR beam. When configuring the UE to measure on certain PRS resource within a PRS resource set, it may be needed to indicate the associated Satellite ID. And more importantly, in case of single satellite is used, PRS measurements may be restricted to the same serving cell (e.g. Earth fixed cell), thereby, the same DL PRS resource/ DL PRS Resource Set will be measured but at different occasions/instants in time. Therefore, to uniquely identify a DL PRS Resource, a the Satellite position and/or EpochTime/ NTN timestamp may need to be added to the parameters describing a DL PRS Resource/ DL PRS Resource Set.

Based on the companies proposals/observations on topic#1 and with the above discussion in mind, the following proposal is made:

Initial proposal 1-2: 
RAN1 to discuss whether other parameters describing a DL PRS Resource/ DL PRS Resource Set are needed for NTN. These may include:
· A Satellite ID that can be associated with multiple TRP ID, DL PRS Resource Sets associated with a single satellite
· A Satellite position and/or EpochTime

These parameters can be used along with a TRP ID, a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource.


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We are not sure this proposal if clear. Does it mean whether a timestamp of the measurements is re-used as in legacy NR positioning, and whether Epoch time is also used for the measurements? This could be discussed first to align company understanding, before discussing the reference signal configuration

	Samsung
	We agree.  However, we don’t think Satellite position is needed as it complicates signaling.  A timestamp is sufficient to uniquely identify a DL PRS resource.  

	ZTE
	The motivation is not clear. When configuring PRS resource, time resources will be indicated. UE is able to know which PRS is configured to be measured. And LMF will also be able to distinguish the PRS based on receiving time of measurement result. Other parameters to describe PRS resource are not needed.

	Panasonic
	We agree. Not sure if satellite position is needed.




FL Recommendation: Based on the preliminary companies feedback at first round, it seems that companies may need time to think about this issue. We will come back on it in the next RAN1 meeting/when the whole design will be clearer.


Topic#2 Definition of Rx-Tx time difference measurements in NTN
Background
For TN, the definition of UE Rx – Tx time difference and gNB Rx – Tx time difference are given in [TS 38.215]:

	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [TS 38.305], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [TS 38.305] 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: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104: 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: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104: 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: the Tx Transceiver Array Boundary connector.



The definitions of the UE/gNB RX-TX time difference measurement should be revisited/adapted to NTN
Companies’ contributions summary
This is the recap of companies inputs related to Rx-Tx time difference measurements definition:

	Companies
	Proposals

	Huawei, HiSilicon
	Observation 1: Due to the involvement of , the limited reporting range of gNB Rx-Tx time difference currently specified for terrestrial network is not directly applicable for UE location verification in NTN. 
Observation 2: Due to the limited reporting range, the report mapping of UE Rx-Tx time difference measurement in terrestrial network is not directly applicable for the UE location verification in NTN. 
Proposal 2: To keep the current definition in RAN4 and report mapping of gNB Rx-Tx time difference, an offset to cover kmac, e.g. Toffset in Figure 1, should be transferred from gNB to the LMF as the assistance data for RTT calculation. 
Proposal 3: An offset, which is determined by rounding the real UE Rx-Tx time difference to the nearest integer in the unit of milliseconds, should be transferred from UE to the LMF in addition to the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step . 



	OPPO
	Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.


	vivo
	Proposal 2:
· For supporting Multi-RTT method in NTN, reuse TN gNB/UE Rx-Tx time difference calculation methods in principle and assume a time unit based on the maximum RTT of NTN .


	xiaomi
	Observation 3: The RTT change due to the satellite movement is negligible.

Proposal 1: The actual Rx – Tx time difference at the gNB and UE side should be reported for multi-RTT based positioning solution.


	CATT
	Observation 3: Considering the satellite movement and the UE processing gap, the RTT measurements of Multi-RTT method should be properly modified to relieve the impact on accuracy.


	PANASONIC
	Observation 1: Current specifications on UE Rx-Tx Time Difference Measurement and gNB Rx-Tx Time Difference Measurement are designed for terrestrial deployments. They alone are not suitable for NTN.
Observation 2: The sum of UE and gNB Rx-Tx time differences yield the RTT in terrestrial deployments.
Observation 3: Large timing advance values in NTN lead to a severe underestimation of the RTT, if only the sum of UE and gNB Rx-Tx time differences is considered.
Observation 4: gNB Rx-Tx TD can be modelled as -TA+RTT; UE Rx-Tx TD can be modelled as TA-floor(TA/1ms+0.5)*1ms.
· Note: This assume that TA is sufficiently accurate (within +/- 0.5ms of the actual RTT).
Observation 5: If subframe duration and slot duration equal 1ms, the legacy TA report, suitably corrected by the sign of the UE Rx-Tx time difference, yields the number of skipped subframes.
Observation 6: RTT can be estimated based on the sum of UE Rx-Tx TD and gNB Rx-Tx TD and a modified TA-report with the equation RTT = UE_RTTD + gNB_RTTD  + TA_report – ceil(UE_RTTD/SD)*SD.

Proposal 1: RTT is estimated based on legacy UE/gNB Rx-Tx time differences and the legacy TA_report based on the equation RTT = UE_RTTD + gNB_RTTD  + TA_report – ceil(UE_RTTD/SD)*SD with SD denoting slot duration.

Proposal 2: LS with RAN2 to amend TS 38.305 with a UE location verification procedure based on the Multi-RTT positioning procedure which is based on legacy UE TA-reports, UE and gNB Rx-Tx time difference measurements for each satellite position.



	Sony
	Observation 2: The time gap between PRS and SRS should be minimized for the gNB’s TX-RX time difference measurement.

Proposal 1: The association between PRS and SRS should be configured for the purposes of RX-TX time difference measurements.


	Intel Corporation
	Observation 1: 
· There is no changes required for measurements definition in TS 38.215 to support multi-RTT for the network verified UE location in NTN assuming a single satellite in view from RAN1 perspective

Proposal 1: 
· UE Rx-Tx time difference and gNB Tx-Rx time difference measurements based on PRS reception timing and SRS transmission timing shall be considered as baseline solution for multi-RTT in NTN


	ETRI
	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.

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.


	LG Electronics
	Proposal #1: For RTT determination, option 1 is preferred.
· Option 1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).


	Lenovo
	Proposal 3: Study the mechanism to adapt/modify the gNB Rx-Tx time difference definition for Multi-RTT for NTN systems with transparent payload.


	Samsung
	Proposal 2: RAN1 focus on modifications needed for Multi-RTT to enable LMF verify the validity of the measurements reported by the UE.


	Ericsson 
	Proposal 1	RAN1 to modify the definition of the UE RX-TX time difference measurement for NTN.


	Apple
	Proposal 5: For network verifying UE location using multi-RTT method, to ensure UE location verification accuracy no less than 5 km to avoid any privacy concern, restrict the total number of measurements within a certain time period in multi-RTT method.


	Qualcomm
	Proposal 1: For RTT measurement in NTN, support UE report of UE RX-TX time difference that indicates the time difference between the arrival time of a DL RS and the transmit time of an SRS. 
· FFS: details of report.

Proposal 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. 



1st round
Proposal 2-1
The issue on Rx-Tx time difference measurements definition in NTN was discussed in several contributions.

Based on companies inputs, the following proposal is made:

Initial proposal 2-1:
RAN1 to modify the definition of the UE Rx-Tx and gNB Rx-Tx time difference measurement for NTN.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	This proposal needs to be re-worded. Further discussion in RAN1 needed before agreeing to modify the definition.  We are generally fine with RAN1 discussing whether and how to modify the definition UE Rx-Tx and gNB Rx-Tx time difference measurement for NTN. 

	Samsung
	We don’t think that the definition of the UE Rx-Tx and gNB Rx-Tx time differences should be modified.  However, we think that the details of the report and how gNB and UE report their measurements should be modified.

	ZTE
	The definition of UE Rx-Tx time difference need to be modified. But whether to modify definition of gNB Rx-Tx time difference may need further discussion.

	Panasonic
	No support. There is no need for new definitions. We have shown in our contribution R1-2300714 that existing definitions of UE Rx-Tx and gNB Rx-Tx time difference measuremens can be reused if the TA-report is suitably used.

	Huawei, HiSilicon
	There are proposals from at least two companies that the UE Rx-Tx and gNB Rx-Tx time difference can be kept the same as legacy, and in addition a additional time offset and Kmac value can be reported by UE and gNB respectively for NR NTN.

Therefore, we don’t think we should agree on this proposal first. We can start the discussion on each options in proposal 2-2 and 2-3.

	TCL 
	The definition of UE Rx-Tx time difference needs to be modified, e.g.., to consider timing error due to UE and satellite clocks drifts 



FL Recommendation: Whether to modify the definition of the UE Rx-Tx and gNB Rx-Tx time difference measurement for NTN will depend on the discussions related to Proposal 2-2 and Proposal 2-3. So, Let’s focus on these two proposals for now.
Proposal 2-2
Existing definitions of Rx-Tx time difference measurement were formulated in a way to be valid also in case of non-serving TRP (e.g. DL PRS-only TRP): UE Rx-Tx time difference was defined with respect to the Rx and Tx subframe timing associated with the TRP (serving or not). Also, these definitions are valid for short RTD (within one subframe duration, that is 1 ms). Which is enough for TN.
Further, in case of Multi-RTT positioning with single satellite, Rx-Tx time difference measurement is restricted to the serving cell only in which case the measurement in principle corresponds to the timing advance.
With this observation in mind, the Moderator suggests to revisit/adapt the definition Rx-Tx time difference measurement in NTN in two steps:
· First, let’s focus on a Transmission Point from the serving cell
· Take into account larger RTD inherent to NTN.
· Then in a second step, we may adapt the definition to cover also the case of a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)

Based on companies inputs, and the above discussion, the following proposal is made:

Initial proposal 2-2:
Select one (or more) of the following options for the definition of UE Rx-Tx time difference measurements 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 from the serving cell:
· 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

FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)

Option 2:
· The UE Rx – Tx time difference in an NTN cell is defined as TUE-RX – TUE-TX
Where:
· TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of uplink subframe.
Option 3:
· For RTT measurement in NTN, support UE report of UE RX-TX time difference that indicates the time difference between the arrival time of a DL RS and the transmit time of an SRS. 
· FFS: details of report.


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Option 1 seems the correct understanding to re-use R17 NR positioning specifications for NTN. Option 2 and Option will need further discussions to align understanding in RAN1.Option 1 could be agreed.

	Samsung
	We suggest add the forth option as the following.  As explained in our contribution, the following option makes it possible for the LMF to verify the validity of the measurement reports by the UE. 
Option 4:
· For RTT measurement in NTN, support UE report of UE RX time and UE TX time that indicate the arrival time of a DL RS and the transmit time of a SRS, respectively. 
· FFS: details of report.


	ZTE
	As mentioned by moderator, in case of Multi-RTT positioning with single satellite, Rx-Tx time difference measurement in principle corresponds to the timing advance. Hence, we prefer to define UE Rx-Tx time difference as TUE-RX – TUE-TX= TTA. As for distinguishing NTN and TN cases, we prefer the option 2 style which will not affect TN positioning. As a result, following modified UE Rx-Tx time difference definition is preferred:
· The UE Rx – Tx time difference in an NTN cell is defined as TTA
Where:
TTA is the timing advance corresponding to subframe #i 

	Panasonic
	We have shown in our contribution how the legacy definition of UE Rx-Tx time difference can be reused. We propose to add a further option as follows:

Option 4: 
· The legacy R17 definition of UE Rx-Tx time difference measurements is adopted for NTN.

	Huawei, HiSilicon
	As we commented, another way is to keep the legacy definition of UE Rx-Tx time difference, and an extra offset can be reported in addition. Add this option as option 4:

Option 4: keep the current UE Rx-Tx definition, and report an offset, which is the nearest integer value in the unit of milliseconds by rounding the time difference of received timing of uplink subframe #i and transmit timing of downlink subframe#i


BTW. current Option 2 seems not clear for us, which uplink subframe it refers to in option2?

	TCL 
	We prefer to consider timing error due to UE and satellite clocks drifts terms within the definition 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Proposal 2-3
Based on companies inputs, and the above discussion (refer to section 2.4), the following proposal is made:

Initial proposal 2-3:
Select one (or more) of the following options for the definition of gNB Rx-Tx time difference measurements in NTN

Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
For  a Transmission Point from the serving cell:
· 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

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. 


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Option 1 seems the correct understanding to re-use R17 NR positioning specifications for NTN. In Option 2, the need for the bullet is not clear..

	Samsung
	We suggest add the third option as the following.  As explained in our contribution, the following option along with the forth option in Initial proposal 2-2 makes it possible for the LMF to verify the validity of the measurement reports by the UE. 
Option 4:
· For RTT measurement in NTN, support gNB report of gNB RX time and gNB TX time that indicate the arrival time of a SRS and the transmit time of a DL RS, respectively. 
· FFS: details of report.


	ZTE
	Option 2 is preferred. In location verification, the satellite is considered as the anchor points. Hence, RTT between UE and satellite is finally applied, which corresponds to UE Rx-Tx time difference (in principle equal to TA) minus common TA. The gNB measurement is not needed. Even if TA is assumed not accurate, the gNB Rx-Tx time difference is only needed to measure the residual sync error, which will be smaller than 0.5 ms. Hence, no need to update the definition of TgNB-RX – TgNB-TX.

	Panasonic
	We have shown in our contribution how the legacy definition of gNB Rx-Tx time difference can be reused. We propose to add a further option as follows:

Option 3: 
· The legacy R17 definition of gNB Rx-Tx time difference measurements is adopted for NTN.

	Huawei, HiSilicon
	As we commented, another way is to keep the legacy definition of gNB Rx-Tx time difference, and an extra offset can be reported in addition to cover Kmac. Add this option as option 3:

Option 3: keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac.
 

	TCL 
	We prefer to consider timing error due to UE and satellite clocks drifts terms within the definition 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2nd round
Proposal 2-2
The Proposal 2-2 is updated based on 1st round discussions and by merging the proposal on topic#7: 

Updated proposal 2-2:
Select one (or more) of the following options for the definition of UE Rx-Tx time difference measurements 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 from the serving cell:
· 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

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 of UE RX-TX time difference that indicates the time difference between the arrival time of a DL RS and the transmit time of an SRS. 
· FFS: details of report.

Option 3: 
The legacy R17 definition of UE Rx-Tx time difference measurements is adopted for NTN. And report an offset, which is the nearest integer value in the unit of milliseconds by rounding the time difference of received timing of uplink subframe #i and transmit timing of downlink subframe#i

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.


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Intel 
	In principle, we agree with Option 1, Option 2. 
Option 3 have the same overhead and performance but we think Option 1/2 are more straightforward. 

Option 2 may be simpler to agree on now since it seems very general (also includes Option 1 and Option 3). So, our first preference is Option 2 now, but we will need to cover details later. 

	QC
	As of now, we need to agree first on the timing information elements needed by LMF. From this point of view, we should start with option 2.

	OPPO
	In our Tdoc, we propose to keep the legacy definition of UE Rx-Tx time difference, which should also be an option (e.g. option 5)

	Pansonic
	We support Updated Option 3.
Updated Option 3: 
· The legacy R17 definition of UE Rx-Tx time difference measurements is adopted for NTN. Additional offset is used to derive the RTT. 
· Alt 1: report an offset, which is the nearest integer value in the unit of milliseconds by rounding the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i
· Alt 2: TA report specified in Rel.17. (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.)
Based on our input, this includes the option of using the legacy TA-report for RTT determination as outlined in our contribution

	NTT DOCOMO
	We prefer to reuse current definition for less spec. impact, if possible. Among options, Option3 is preferred, but the value of the offset needs further clarification.  

	Xiaomi
	Generally OK with option 2 and 3.

	MediaTek
	We have preference for Option 4 as an alternative to either Option 1 or 3. Option 2 needs more discussion.

	CATT
	We prefer less specification impact, so the option 3 can be as one starting point.  

	TCL 
	We prefer Option 2:



The proposal 2-2 was extensively discussed during the different offline sessions on AI 9.11.2. The following the agreements was made on Day 5 of the meeting:

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

Proposal 2-3
The Proposal 2-2 is updated based on 1st round discussions. Companies are encouraged to further comments on this proposal:

Updated proposal 2-3:
Select one (or more) of the following options for the definition of gNB Rx-Tx time difference measurements in NTN

Option 1: 
· The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
For  a Transmission Point from the serving cell:
· 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

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.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Intel
	We don’t how Option 2 works. So, we prefer Option 1 since it is more straightforward.  

	QC
	Option 1 does not conflict with option 2. Option 1 is only part of the existin definition. Option 2 says a change is needed on the part that is not included in Option 1.

	OPPO
	Option 3 is a good choice to take into account the Kmac.

	Panasonic
	The definition of gNB Rx-Tx time difference applies only if the positioning reference point is the gNB. If it is any other reference point on the feeder link, the definition does not apply. Since the discussion of Issue#3 has been postponed, we think the discussion of the definition of gNB Rx-Tx time difference should be postponed as well.

	NTT DOCOMO
	We prefer to reuse current definition for less spec. impact. Option3 is preferred.

	Xiaomi
	Option 3 is preferred.

	MediaTek
	We have preference with Option 1 as it is the legacy R17 definition to our understanding. More discussions needed on Option 2 and Option 3.

	CATT
	We prefer the option 3 can be a starting point, but with one modification:
Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac feeder link.


	TCL 
	We prefer Option 2



The proposal 2-3 was extensively discussed during the offline discussions. The following agreement was made on the Day 4 of the meeting:

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

Topic#3 The reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN
Background
In TN, the reference points for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement are defined in TS 38.215.
For NTN, the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement should be further discussed in RAN1
Companies’ contributions summary
On Topic#3, the companies made the following observations and proposals:

	Companies
	Proposals

	THALES
	Proposal 3: 
The reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN shall be:
For TgNB-RX :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type1-H: the Rx Transceiver Array Boundary connector.
For TgNB-TX:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector
Note: The supported SAN type are defined in TS 38.108




Proposal 3-1
Regarding the reference point for gNB Rx – Tx time difference measurement in NTN, the following proposal is made:

Initial proposal 3-1:
In NTN, the reference point for gNB Rx – Tx time difference measurement is onboard the satellite

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We are open to this proposal. It could be discussed further in RAN1 to align understanding on the impact of solutions and whether it will require modification of the R17 NR positioning framework.

	Samsung
	Agree. 

	ZTE
	We agree that RTT between UE and satellite, i.e., RTTservice, should be applied for location verification. But whether to update definition of gNB Rx-Tx time difference may depend on how to understand the multi-RTT method.
If in multi-RTT method, the RTT is strictly defined as RTTservice=(UE Rx – Tx time difference) + (gNB Rx – Tx time difference), the RP for gNB Rx – Tx time difference should be onboard the satellite. However, if additional parameters can be added in the calculation, e.g., RTTservice=(UE Rx – Tx time difference) – (common TA) + (gNB Rx – Tx time difference), then the RP for gNB Rx – Tx time difference can be same as in TN, since it only reflects the residual sync error.
Therefore, we think the procedure should be clarified first before defining the RP.

	Panasonic
	We are fine to discuss this after the framework of RTT determination has become more clear.

	Huawei, HiSilicon
	Not agree, the measurement is taken at the gNB for transparent satellite, there is no need to change the referent point, and LMF can calculate RTT between UE and satellite for UE location verification.

	OPPO
	Not agree. Legacy definition of reference point should be used, i.e. on gNB.

	CATT
	Support it

	TCL 
	Agree on both satellite or gNB options 



The proposal 3-1 was discussed at the offline and online sessions on day 1 of the meeting. The following agreement was made:

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
 
Proposal 3-2
Regarding the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN, the following proposal is made:

Initial proposal 3-2:
For FR1, the reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN shall be:
· For TgNB-RX :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type 1-H: the Rx Transceiver Array Boundary connector.
· For TgNB-TX:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector

Note: The supported SAN types are defined in TS 38.108

FFS: for FR2

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	RAN1
	We think this proposal needs further discussion in RAN1 to align company understanding.

	Samsung 
	Agree.  However, we are not sure that considering the very modest accuracy requirements for network verified positioning (10 km) we need such a precise definition for the reference point. 

	ZTE
	As commented for proposal 3-1, the procedure to determine RTT may be clarified first before defining the RP.

	Panasonic
	We agree.

	Huawei, HiSilicon
	See our comments for the previous proposal.



FL Recommendation: As per the above agreement (refer to 3.3), for the position of the reference point for definition of gNB Rx – Tx time difference measurement the following options are being considered:
-	Option 1: Onboard the satellite
-	Option 2: The uplink time synchronization reference point
-	Option 3: on the gNB
Based on the discussion during the offline/online session, it is clear that we cannot make more progress on this issue in current meeting. Companies need more time to down select the appropriate option.

Topic#4 The granularity and the reporting range of Rx-Tx time difference measurements in NTN
Background
For positioning support in TN, the reporting range for the absolute UE Rx-Tx time difference measurement is defined in clause 10.1.25 of  TS 38.133. This range is from -985024 × Tc to 985024×Tc with the resolution step of 2k×Tc, 
Tc is equal to 0,509ns as defined in TS 38.211. And k = 0, 1, 2, 3, 4, or 5 depending on PRS and SRS resource configuration in FR1 and FR2 and the timing reporting granularity factor configured by LMF via LPP.
The maximum resolution step of is given by k=5, that is, 32×Tc =16ns.
Companies’ contributions summary
The following are the inputs on Topic#4 submitted to current meeting:  

	Companies
	Proposals

	THALES
	Observation 1.	The same reporting granularity of UE Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the maximum additional error on RTT measurement would be equal to 16ns. 
Observation 2.	The same reporting granularity of gNB Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the additional error on RTT measurement would be equal to 16ns. 

Proposal 1: For multi-RTT-based positioning in NTN, the reporting range for the absolute UE Rx-Tx time difference measurement is from -531886051 to +531886051.
· Note: The same reporting granularities of UE Rx-Tx time difference as defined in clause 10.1.25 of  TS 38.133 are reused in NTN.
Proposal 2: 
For multi-RTT-based positioning in NTN, the reporting range for the gNB Rx-Tx time difference measurement is from -531886051 to +531886051.
Note: The same reporting granularities of gNB Rx-Tx time difference as defined in clause 13.7 of  TS 38.133 are reused in NTN.


	vivo
	Proposal 2:
· For supporting Multi-RTT method in NTN, reuse TN gNB/UE Rx-Tx time difference calculation methods in principle and assume a time unit based on the maximum RTT of NTN .


	Ericsson
	Observation 1	The Rel-17 UE RX-TX time difference measurement report is not sufficient to allow sufficiently accurate RTT calculation in NTN.
Observation 2	Although an NTN UE needs to report its true UE RX-TX time difference value to the LMF, it can merely report its fractional part if it were to use the Rel-17 UE RX-TX time difference measurement report given its limited reporting range of +/- 0.5 ms.

Proposal 2	UE to report its true UE RX-TX time difference measurement value to the LMF using one of the following options:
Option 1: Extend the range of the UE RX-TX time difference measurement report for NTN.
Option 2: Define a new measurement parameter in NTN to enable the UE to report the integer part of its true RX-TX time difference measurement, and reuse the Rel-17 UE RX-TX time difference measurement parameter to report the fractional part of its true RX-TX time difference measurement.




1st round
proposal 4-1
Based on the companies contributions, the following proposal is made:

Initial proposal 4-1
For multi-RTT-based positioning in NTN, the reporting range for the absolute UE Rx-Tx time difference measurement should be modified to suit maximum NTN RTD.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Support proposal. The range could be increased with possibly a coarser granularity, or same granularity. The granularity can be further discussed in RAN1

	ZTE
	The definition of UE Rx-Tx time difference may be determined first. Then we can consider the value range.

	Panasonic
	We don’t see the need to introduce new definition and new parameters for UE Rx-Tx time difference measurement, since the TA-report can be utilized to estimate RTT based on legacy definitions of UE and gNB Rx-Tx TD.

	Huawei, HiSilicon
	In our point of view, there is no need to change the reporting range. The current range of RX-TX is within one subframe and a time offset with a granularity of 1subframe can be reported, see the proposed option 4 in proposal 2-2. 
By doing it in this way, large signaling overhead can be avoided.

	CATT
	No need to link to NTN RTD. Current range would be ok.

	TCL 
	Support the proposal, e.g., can be modified to address timing error due to clock drift

	
	

	
	




FL Recommendation: This is depending on Topic#2. We need first to determine the definition of UE Rx-Tx time difference. Then we will discuss the value range.

proposal 4-2
Based on the companies contributions, the following proposal is made:

Initial proposal 4-2
For multi-RTT-based positioning in NTN, the reporting range for the gNB Rx-Tx time difference measurement should be modified to suit maximum NTN RTD.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Support proposal. The range could be increased with possibly a coarser granularity, or same granularity. The granularity can be further discussed in RAN1

	ZTE
	The definition of gNB Rx-Tx time difference may be determined first before discussing the value range. As we commented for proposal 3-1, if additional parameters, e.g., common TA is included in the calculation, the definition and reporting range of gNB Rx-Tx time difference may keep same as in legacy TN.

	Panasonic
	We don’t see the need to introduce new definition and new parameters for gNB Rx-Tx time difference measurement, since the TA-report can be utilized to estimate RTT based on legacy definitions of UE and gNB Rx-Tx TD.

	Huawei, HiSilicon
	In our point of view, there is no need to change the reporting range. The current range of RX-TX is within one subframe and a time offset with a granularity of 1subframe can be reported to cover the Kmac values, see the proposed option 3 in proposal 2-3. 
By doing it in this way, large signaling overhead can be avoided and keep the legacy definition of Rx-Tx meanwhile.

	CATT
	For gNB side, the range should be extended.

	TCL 
	Support the proposal.

	
	



FL Recommendation: This is depending on Topic#2. We need first to determine the definition of gNB Rx-Tx time difference. Then we will discuss the value range.

proposal 4-3
Based on the companies contributions, the following proposal is made:

Initial proposal 4-3
RAN1 to further discuss whether the same reporting granularities of UE Rx-Tx time difference and gNB Rx-Tx time difference as defined in clause 10.1.25 and 13.7 of  TS 38.133 respectively are reused in NTN.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We are open to this proposal. As mentioned for comment on range, it could be sufficient to agree to modify the range for NTN for now. The granularity can be for further discussion

	ZTE
	Same granularity can be reused.

	Panasonic
	We are fine to discuss it. 

	Huawei, HiSilicon
	According to our analysis in the initial proposal 4-1 and 4-2, the reporting of UE/gNB RX-TX timing measurement can be the same as the legacy range and granularity.
New time offset in units of ms can be reported in addition. 

	CATT
	It is fine to discuss it.

	TCL 
	Agree to further discuss 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




2nd round
Proposal 4-3
Based on first round discussions, the proposal 4-3 can be taken as a working assumption as follows:

Updated proposal 4-3
Working assumption:
The same reporting granularities of UE Rx-Tx time difference and gNB Rx-Tx time difference as defined in clause 10.1.25 and 13.7 of  TS 38.133 respectively are reused in NTN.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Intel
	Support

	Panasonic 
	Support.

	NTT DOCOMO
	Support. 

	Xiaomi
	This is dependent on the detailed solution. The definition of the Rx_Tx time difference might be changed. If legacy definition is reused, the same reporting granularities can be reused.

	MediaTek
	Support

	CATT
	Support 

	
	




Topic#5 Rx-Tx time difference measurements accuracy
Background
For TN, the UE Rx-Tx time difference measurement accuracy requirements are defined in clause 10.1.25.2 of TS 38.133.
Companies’ contributions summary
The following proposals and observation on Rx-Tx time difference measurements accuracy are submitted to current RAN1 meeting:

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	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 5: RAN1 to discuss the impact and mitigation techniques for poor radio propagation conditions.


	vivo
	Proposal 5:
· For supporting Multi-RTT method in NTN, RAN1 to discuss whether and how to mitigate the uplink timing error.


	xiaomi
	Observation 1: The impact on the positioning accuracy due to the height division error is negligible. 
Observation 2: The latency expected can meet the SA’s recommendation.


	CATT
	Observation 3: Considering the satellite movement and the UE processing gap, the RTT measurements of Multi-RTT method should be properly modified to relieve the impact on accuracy.


	Sony
	Proposal 2: RAN1 should consider whether or not the UE speed should be taken into account during the location verification process.


	Apple
	
Proposal 5: For network verifying UE location using multi-RTT method, to ensure UE location verification accuracy no less than 5 km to avoid any privacy concern, restrict the total number of measurements within a certain time period in multi-RTT method.


	TCL Communication Ltd.
	Proposal 1: Discuss the solutions to mitigate the timing measurements error due the satellite movement, the synchronization error and/or the clock drift between the UE and satellite for time-based measurement positioning methods.




1st round
Proposal 5-1
From Moderator’s perspective, Rx-Tx time difference measurements accuracy in NTN may need clarification from RAN4. UE Rx-Tx time difference measurements accuracy defined in clause 10.1.25.2 of TS 38.133 for TN may need to be updated for NTN.
Based on the above, the following two proposals are made:

Initial proposal  5-1
RAN1 to discuss the Rx-Tx time difference measurements accuracy in NTN. 
At least, the following factors impacting the accuracy should be discussed: 
· Impact of satellite movement
· Impact of UE speed
· Impact of the uplink timing error
· Impact of the autonomous timing adjustment at the UE
· Impact of radio propagation conditions

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Fine to discuss impacts on accuracy.

	Samsung
	Agree. We should also include the “Impact of the clock drift.”

	ZTE
	Fine to further discuss

	Panasonic
	OK for us.

	Huawei, HiSilicon
	The Rx-Tx time difference is based on the measurement of PRS or SRS. However, Rx-Tx time difference is not measured directly. So we suggest some minor update:

RAN1 to discuss the Rx-Tx time difference measurements accuracy in NTN. 
At least, the following factors impacting the accuracy should be discussed: 


	TCL 
	Same view with Samsung

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



The proposal was discussed at the online session on Day 1 of the meeting. But not agreed.

FL Recommendation: We may come back on this issue, if Rx-Tx time difference measurements accuracy is impacting the design of the solution for Network verified UE location: For example, the potential impact of satellite movement on the determination of RTT. Also an LS to RAN4 would be needed (refer to Proposal 5-2).

Proposal 5-2
From Moderator’s perspective, Rx-Tx time difference measurements accuracy in NTN may need clarification from RAN4. UE Rx-Tx time difference measurements accuracy defined in clause 10.1.25.2 of TS 38.133 for TN may need to be updated for NTN.
Based on the above, the following proposal is made:

Initial proposal  5-2
RAN1 to send an LS to RAN4 asking for the Rx-Tx time difference measurements accuracy in NTN, particularly when the uplink transmission timing changes during the UE Rx-Tx measurement period due to the autonomous timing adjustment at the UE.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	This LS seems premature based on previous proposal 5.1

	Panasonic
	We are fine with sending an LS to RAN4.

	Huawei, HiSilicon
	At least not needed before RAN1 has clear conclusion on UE and gNB RX-TX measurement.

	
	




FL Recommendation: The need of the LS to RAN4 asking for the Rx-Tx time difference measurements accuracy in NTN, may be discussed in a future RAN1 meeting when the UE and gNB RX-TX measurement is defined. 
Topic#6 Determining the triggering time of multi-RTT positioning method 
Background
The potential impact of the geometry on the accuracy of multi-RTT positioning method was discussed during the study phase.
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 different contributions. 
For example, for a UE located on the orbital plane it is clear from the following Figure 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.
[image: ]
Companies’ contributions summary
On Topic#6, the companies made the following observations and proposals:: 

	Companies
	Proposals

	THALES
	Observation 3.	 The geometry relating the UE and positioning anchor points (TRP) affects the network verified UE location based on Multi-RTT method.
Observation 4.	For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166.

Proposal 4:
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 (e.g at LMF or gNB).


	vivo
	Observation 1:
· All the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN.

Proposal 3:
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.


	Sony
	Observation 1: The existing RAT dependent positioning framework supports collection of multiple RTT measurements over the [up to] 10 second period required for location verification.


	Intel Corporation
	Proposal 4: 
· It is up to the network/LMF how to handle the UE which are located near the orbital plane


	ETRI
	Proposal 2. RAN1 considers periodic reporting of RTT. 

Proposal 4. RAN1 considers multi-RTT measurement reporting with predicted satellite locations on the ephemeris.


	Lenovo
	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 8: 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.  


	Apple
	Proposal 3: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

Proposal 4: For network verifying UE location, the multi-RTT method is not applied to a UE near satellite orbit region.


	NTT DOCOMO
	Proposal 2: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement. 
· Legacy timing information report is enhanced by reporting additional timing information to LMF, e.g., the timing information of satellite transmitting the reference signal.


	TCL Communication Ltd.
	Observation 1: Time-based measurement positioning methods cannot able to guarantee the targeted positioning accuracy of 5-10km under the considerations of timing differences measurement error and the mirror-image ambiguity issue. 




1st round

Proposal 6-1
Based on companies contributions and the discussions during the study phase on the impact of measurement geometry, the following Initial proposal is made:

Initial proposal 6-1
Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Not sure a conclusion is needed on geometry. RAN1 have discussed this issue previously, and it seems common understanding that a solution for UEs close to the orbital plane can be discussed.

	Samsung
	Agree with the conclusion.

	ZTE
	Agree.

	Panasonic
	We agree with this conclusion.

	CATT
	agree

	TCL 
	Agree 

	
	




Proposal 6-2
Based on companies inputs, the following proposal is made:

Initial proposal 6-2 
For multi-RTT based positioning in NTN, the triggering time of multi-RTT positioning method and the time instants at which the Rx-Tx time difference measurements will be performed are predetermined by the network by taking into account the geometry relating the UE and the TRPs (satellite(s))
· FFS: Whether by LMF or gNB
· FFS: Details on the metric (e.g. the Geometric Dilution of Precision) to be used
· FFS: Details on necessary assistance information for such predetermination.
· FFS: Whether the multi-RTT method is not applied to a UE near satellite orbit region
· FFS: Whether LS should be sent to other WGs (e.g. RAN2/RAN3) on the potential impact on LPP/NRPPs procedures

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Generally supportive of the proposal. The end of first sentence “by taking into account the geometry relating the UE and the TRPs (satellite(s))” should be removed as it is not clear how network know the  geometry relating to UE and could be urther discussed.

	Samsung
	We don’t understand some of the points here.  Are we assuming that the network has already the knowledge of the UE’s location? How does the network know that a UE is near the satellite orbit region?

	ZTE
	Fine to further discuss. But we think it may be implementation issue, since when to trigger the measurement is up to implementation of LMF.

	Panasonic
	The idea seems to be that the minimization of GDOP is used to determine measurement times, e.g., the worse GDOP, the larger the distance between measurement times. We are fine with this proposal.

	TCL 
	Agree to further discuss.  




2nd round

Proposal 6-1
Based on companies contributions and the discussions during the study phase on the impact of measurement geometry, the following proposal is made:

Updated proposal 6-1
Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Intel
	We agree in principle, but we don’t think we need to spend time on this on offline/online since we don’t see how this conclusion helps to achieve the objective of the WI.

	Panasonic
	Support

	NTT DOCOMO
	Seems no need for such conclusion.

	MediaTek
	We are mainly fine. It would be helpful when concluding to give more details so it is clear why there is impact on  positioning accuracy, and whether any further discussion in RAN1 to mitigate the impact is necessary (this may be discussed in 6-2 to our understanding)

	CATT
	Support 

	
	



The proposal 6-1 was discussed on Day 4 of the meeting. The following conclusion is captured within the chair’s notes:


Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.

Proposal 6-2
The following proposal will be further discussed during the upcoming offline session. Companies are encouraged to further comment on this proposal to ease the discussions during offline/online sessions:

Initial proposal 6-2 
For multi-RTT based positioning in NTN, the triggering time of multi-RTT positioning method and the time instants at which the Rx-Tx time difference measurements will be performed are predetermined by the network by taking into account the geometry relating the UE and the TRPs (satellite(s))
· FFS: Whether by LMF or gNB
· FFS: Details on the metric (e.g. the Geometric Dilution of Precision) to be used
· FFS: Details on necessary assistance information for such predetermination.
· FFS: Whether the multi-RTT method is not applied to a UE near satellite orbit region
· FFS: Whether LS should be sent to other WGs (e.g. RAN2/RAN3) on the potential impact on LPP/NRPPa procedures


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Intel
	Agree in principle, but the impact on spec for this proposal is not clear for us. 

	Panasonic
	Support

	NTT DOCOMO
	OK to discuss. 

	MediaTek
	We support proposal. Fine to discuss in RAN1

	CATT
	Support

	
	




FL Recommendation:
As per the above conclusion, the geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT. As captured in RAN1#111 conclusions, for network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s.
In practice, when the network shall verify the UE location, particularly, in case of single satellite in view, the time instants/measurement windows at which the multi-RTT positioning can be triggered by the network for UE location verification (and thereby the over-the-air latency of the procedure) should be assessed and determined prior to any network verified UE location execution. 
Of course, this can be done in blind manner by the network but this is not preferable as this may lead to inaccurate positioning/verification or even a useless execution of the verification procedure if the geometry is not appropriate. 

For multi-RTT based positioning in NTN, the triggering time of multi-RTT positioning method and the time instants at which the Rx-Tx time difference measurements will be performed are predetermined by the network by taking into account the geometry relating the UE and the TRPs (satellite(s))

· FFS: Whether by LMF or gNB
· FFS: Details on the metric (e.g. the Geometric Dilution of Precision) to be used
· FFS: Details on necessary assistance information for such predetermination.
· FFS: Whether the multi-RTT method is not applied to a UE near satellite orbit region
· FFS: Whether LS should be sent to other WGs (e.g. RAN2/RAN3) on the potential impact on LPP/NRPPs procedures


Topic#7 Multiple RTT positioning using Timing Advance 
Background
Multiple RTT positioning using Timing Advance reporting instead of the Rx-Tx time difference measurements is an alternative solution that was discussed during the study phase on Network verified UE location.
As per RAN1#111 conclusion: 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.
Further, in the revised WID (refer to Note 5 in [RP-223534]): The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved

Companies’ contributions summary
On Topic#7, the companies made the following observations and proposals:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 4: For TA based reporting, TA is reported by UE to LMF, meanwhile the detected TA offset on gNB can be reported to LMF. 

Proposal 7: To reflect the actual propagation delay between UE and the satellite, common TA parameters should be additionally transferred from gNB to the LMF in TA report based multi-RTT positioning. 


	OPPO
	Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.

Proposal 3: For multi-RTT method, alternative to Rx-Tx timing difference is not needed. 


	ZTE
	Observation 1: TA report supported in Rel-17 NTN can be used for RTT estimation. The granularity may need to be enhanced for better location verification performance.
Observation 2: TA reported by UE can be considered to have similar reliability as other RAT dependent parameters since it is a physical layer parameter related to UL synchronization.
Proposal 1: TA report based RTT estimation should be supported in multi-RTT method in NTN location verification.
Proposal 2: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 4: TA report to CN from gNB should be supported for location verification. 


	PANASONIC
	Proposal 2: LS with RAN2 to amend TS 38.305 with a UE location verification procedure based on the Multi-RTT positioning procedure which is based on legacy UE TA-reports, UE and gNB Rx-Tx time difference measurements for each satellite position.

Proposal 3: As an additional security token, gNB indicates K_offset to LMF. LMF uses it for comparison with UE’s TA-report. UE is prevented from cell access if the comparison fails.

Observation 8: A variety of functional splits for computing the RTT exists. 
· Note: A functional split describes the responsibilities assumed by UE and gNB for computing the RTT from its components UE_RTTD, gNB_RTTD and TA-report.

Proposal 4: RAN1 and RAN2 jointly provide an LS to SA3 describing a list of functional splits for computing RTT based on UE_RTTD, gNB_RTTD, and TA_report with their pros and cons.


	Sony
	Proposal 3: RAN1 should use a combination of parameters both trusted and untrusted in UE location verification.

Observation 3: A malicious UE intent on reporting a fake location can also report fake location verification measurements commensurate with its fake location.

Proposal 4: RAN1 shall define network location verification methods that are immune to spoofing by malicious UEs intent on reporting a fake location.


	MediaTek Inc.
	Observation 1: In multi-RTT positioning method with single satellite, linking the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA to UL measurement occasions avoids the risk the network sends a command TA or clock drift impairments between time UE reports UE Rx – Tx time difference and UE transmit SRS.
Observation 2: If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the TA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula and other impairments to mitigate the timing error. 
Observation 3: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA does not depend on SNR conditions or measurement timing errors at the UE since PRS is note used.  
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be in the order of 20 Tc, or about 10 ns. 
Observation 5: The common TA can be signalled to the LMF to simplify the triangulation for the UE location verification.

Proposal 1: In multi-RTT positioning method with single satellite, UE Rx – Tx time difference TUE-RX – TUE-TX   can be directly derived from timing advance TTA re-using the legacy R17 granularity for the report of UE Rx – Tx time difference.
Proposal 2: In multi-RTT positioning method with single satellite, the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA is linked to UL measurement occasions for gNB Rx-Tx time difference. 


	LG Electronics
	Proposal #2: Send an SA3/SA3-LI to ask whether TA value reported by UE is trustful or not.


	Samsung
	Observation 2: A malicious UE could report false value for the timing advance to deceive LMF when using Multi-RTT method for UE location calculation.
Observation 3: There are no plausible solutions for the LMF to check the validity of a false timing advance reported by a malicious UE.

Observation 4: A malicious UE could report false value for UE Rx-Tx time difference to deceive LMF when using Multi-RTT method for UE location calculation.

Observation 5:  Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx has the potential to enable LMF to verify the validity of the measurements reported by the UE. 

Proposal 2: RAN1 focus on modifications needed for Multi-RTT to enable LMF verify the validity of the measurements reported by the UE.



	Ericsson
	Proposal 4	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.


	Apple
	Proposal 6: For network verifying UE location using multi-RTT method, do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 


	NTT DOCOMO
	Proposal 4:
Send LS to SA3 to conclude whether TA report can be trusted.




1st round
Proposal 7
Looking at the observations and proposals submitted to current meeting, it seems that the situation doesn’t change much from previous meeting. Companies are encouraged to read each other expressed views in the above table.
The following inputs should be remembered in current discussion on Multiple RTT positioning using TA:
· As per RAN1#111 conclusion: 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.
· Further, in the revised WID (refer to Note 5 in [RP-223534]): The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
From Moderator’s perspective, RAN1 can define the necessary enhancements to support both multiple RTT positioning using Timing Advance reporting and Rx-Tx time difference measurements. Whether multiple RTT positioning using Timing Advance can be used for network verified UE location can be further discussed in RAN1 and it is subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved.
Based on the above discussion, the following initial proposal is made:

Initial proposal 7
Multi-RTT positioning using Timing Advance reporting is also supported in NTN.
· FFS: the granularity and the reporting range of TA.
Whether this positioning method is used for network verified UE location is subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved.

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We feel that the moderator proposal does not reflect the RAN1 conclusion and our proposal. We proposed that multi-RTT positioning method with single satellite, UE Rx – Tx time difference TUE-RX – TUE-TX   can be directly derived from timing advance TTA re-using the legacy R17 granularity for the report of UE Rx – Tx time difference. This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report. 

	Samsung
	We do not agree. 
Firstly, if the applicability of TA reporting is subject to the relevant SA WGs feedbacks, then why we should spent our time now to discuss TA reporting.
Secondly, the main point of the proponents of the TA reporting is that the same way that TA report can be false, the measurement report of UE Rx-Tx in Multi-RTT scheme can be false too.  However, in our contribution we have shown that with some modifications in reporting details of UE Rx-Tx and gNB Rx-Tx for Multi-RTT scheme the validity of those reports can be checked by LMF. 

	ZTE
	We think TA report should be reliable and can be used in verification. As mentioned in issue of definition of UE Rx-Tx time difference, the time difference in principle reflects the timing advance.  Hence, it is weird that UE can fake TA but cannot fake the reported UE Rx-Tx time difference. Moreover, in topic#8, additional information transfer from UE to LMF is discussed, e.g., ephemeris and common TA. If such information report is trustable, it is not reasonable to say TA report is not trustable.

	Panasonic
	We agree. Note that we pointed out in our tdoc R1- 2300714 that the legacy TA-report can be reused. There is no need to adjust granularity or reporting range of the TA.

	Huawei, HiSilicon
	We are open for further discuss the TA based multi-RTT reporting. But maybe only one solution needs to be specified.

	TCL 
	Same view with Samsung

	
	



FL recommendation: This issue can be also discussed as part of topic#2 on the definition of Rx-Tx time difference. Proposal 2-2 is updated accordingly.

Topic#8 Information to be transferred from the UE to LMF for Multi-RTT positioning with single Satellite
Background
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 the following Table:
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 per the conclusions of RAN1 study on network verified UE location, some additional assistance data may need to be exchanged between gNB and LMF via NRPPa procedures and/or between UE and LMF via LPP procedures.

Companies’ contributions summary
On Topic#8, the companies made the following observations and proposals:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 8: Support one the following alternatives:
· Alt.1: transferring ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 


	OPPO
	Proposal 1: for multi-RTT positioning method, in addition to UE Rx-Tx time difference, UE also reports the subframe #j and the SFN index for which UE determines the TUE-TX. 


	THALES
	Proposal 5: 
For multi-RTT based positioning in NTN, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF.

Proposal 6: 
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.


	Vivo
	Proposal 4:
· For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be reported.


	Xiaomi
	Proposal 1: The actual Rx – Tx time difference at the gNB and UE side should be reported for multi-RTT based positioning solution.


	ZTE
	Proposal 3: Ephemeris report to CN from gNB or UE should be supported for location verification. 


	PANASONIC
	Observation 7: There is currently no means for either UE or gNB to transfer the TA-report to the LMF.

Observation 8: A variety of functional splits for computing the RTT exists. 
· Note: A functional split describes the responsibilities assumed by UE and gNB for computing the RTT from its components UE_RTTD, gNB_RTTD and TA-report.

Proposal 4: RAN1 and RAN2 jointly provide an LS to SA3 describing a list of functional splits for computing RTT based on UE_RTTD, gNB_RTTD, and TA_report with their pros and cons.


	Intel Corporation
	Proposal 2: 
· At least the following assistance information is required for multi-RTT in NTN
· Satellite ephemeris
· Feeder link RTT


	MediaTek Inc.
	Observation 5: The common TA can be signalled to the LMF to simplify the triangulation for the UE location verification.


	LG Electronics
	Proposal #3: For multi-RTT, consider at least following assistant information to LMF
· Ephemeris information
· Feeder link delay (e.g., Kmac and/or common TA)




1st round
Proposal 8
Different necessary assistance information to be exchanged between the UE and LMF has been proposed by different companies. This includes: Satellite ephemeris, Kmac and common TA.
From Moderator’s perspective, because the reference point for positioning in NTN is located on the satellite, 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, the absolute UE Rx-Tx time difference measurement corresponds in essence to the UE RTT with regards to the uplink synchronization reference point. Therefore, 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.
Because, in NTN the TRP for positioning is moving,  the LMF should know also the satellite position when DL-PRS measurements for Multi-RTT are performed.
Although it is reasonable that the UE includes within the measurement result the position of the satellite at DL-PRS measurements for Multi-RTT, how the LMF obtain ephemeris data may need further discussion in RAN1.
Based on the above the following proposal is made:

Initial proposal 8
For multi-RTT based positioning in NTN, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF.
FFS: the time at which  is calculated

Whether other necessary assistance information (e.g. the satellite position when UE Rx-Tx time difference measurements are performed) is needed will be further discussed in RAN1.


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We are open to this proposal.

	ZTE
	Common TA may either be reported by UE or gNB. Which side is responsible for the report may be further discussed.

	Panasonic
	It is too early to decide which parts of the TA, if any, UE should provide to LMF.

	Huawei, HiSilicon
	For Rx-Tx based report for Multi-RTT, the delay of feeder link should be reported.
For TA based report for RTT,  should be reported to calculate the final RTT between UE and the satellite. 
So, should update the proposal accordingly for different options of reporting. 

For other assistance information, there are other examples, e.g.  the ephemeris information, satellite processing delay etc. The single example in the brackets should be removed.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2nd round

Proposal 8
The following proposal will be further discussed during the offline session on Day 3. Companies are encouraged to further comments on the proposal to ease the discussion at the upcoming offline/online sessions:

Updated proposal 8
For multi-RTT based positioning in NTN, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF.
FFS: the time at which  is calculated

Whether other necessary assistance information (e.g. the satellite position when UE Rx-Tx time difference measurements are performed) is needed will be further discussed in RAN1.


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Intel
	Since the Common TA evolution in time is known at the gNB we don’t need both time at which Common TA was calculated and Common TA itself. So, We propose to modify the FFS as follows: 
FFS: reporting of the time at which  is calculated instead of  reporting

	Panasonic
	Considering that Updated Proposal 2-2 already lists options for amending UE Rx-Tx time difference with the TA-report, signalling   seems redundant at this stage of the discussion. 

	NTT DOCOMO
	Not needed.  can be calculated by NW easily, no need to report/calculate it by UE, which may have potential trustworthiness issue. 

	CATT
	Not needed.

	
	

	
	




FL Recommendation: 
Companies are encouraged to provide inputs on the information to be transferred from the UE to LMF for Multi-RTT positioning with single Satellite
 
Topic#9 Information to be transferred from the gNB to LMF for Multi-RTT positioning with single Satellite
Background
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.

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



As per the conclusions of RAN1 study on network verified UE location, some additional assistance data may need to be exchanged between gNB and LMF via NRPPa procedures and/or between UE and LMF via LPP procedures.

Companies’ contributions summary
On Topic#9, the companies made the following observations and proposals:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 6: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.
Proposal 8: Support one the following alternatives:
· Alt.1: transferring ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 


	OPPO
	Proposal 2: gNB should report common TA related information to the LMF.


	THALES
	Proposal 7: 
For multi-RTT based positioning in NTN, 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

Proposal 8: 
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 9: 
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.


	xiaomi
	Proposal 1: The actual Rx – Tx time difference at the gNB and UE side should be reported for multi-RTT based positioning solution.


	ZTE
	Proposal 3: Ephemeris report to CN from gNB or UE should be supported for location verification. 


	PANASONIC
	Observation 7: There is currently no means for either UE or gNB to transfer the TA-report to the LMF.

Proposal 3: As an additional security token, gNB indicates K_offset to LMF. LMF uses it for comparison with UE’s TA-report. UE is prevented from cell access if the comparison fails.

Observation 8: A variety of functional splits for computing the RTT exists. 
· Note: A functional split describes the responsibilities assumed by UE and gNB for computing the RTT from its components UE_RTTD, gNB_RTTD and TA-report.

Proposal 4: RAN1 and RAN2 jointly provide an LS to SA3 describing a list of functional splits for computing RTT based on UE_RTTD, gNB_RTTD, and TA_report with their pros and cons.


	Intel Corporation
	Proposal 2: 
· At least the following assistance information is required for multi-RTT in NTN
· Satellite ephemeris
· Feeder link RTT


	MediaTek Inc.
	Observation 5: The common TA can be signalled to the LMF to simplify the triangulation for the UE location verification.


	LG Electronics
	Proposal #3: For multi-RTT, consider at least following assistant information to LMF
· Ephemeris information
· Feeder link delay (e.g., Kmac and/or common TA)


	Apple
	Proposal 1: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.

Proposal 2: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the timing of SRS reception. 


	Qualcomm
	Proposal 3: For network verification of UE location, support the report of the following from RAN to LMF:
· Footprints of the connected beam/cell and of the neighboring cells/beams if their RSRP measurements are reported. 


	NTT DOCOMO
	Proposal 1: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF, including at least satellite ephemeris.
Proposal 2: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement. 
· Legacy timing information report is enhanced by reporting additional timing information to LMF, e.g., the timing information of satellite transmitting the reference signal.




1st round
Proposal 9
Because the reference point for positioning (positioning anchor point) is on the satellite, at least the following assistance data should be transferred from gNB to LMF: 𝑘mac, TACommon.
Further, gNB may need also to provide information about serving satellite such as Satellite ID and possibly the satellite position in PVT state vector format or Keplerian format along with the associated epoch time. Also, the gNB may need to include the position of the satellite when UL-SRS measurements are performed to the assistance data that may be transferred from gNB to the LMF.
Based on the above the following proposal is made:

Initial proposal 9
The information to be transferred from the gNB to LMF for Multi-RTT positioning with single Satellite includes at least one of the following:
· Option 1: The value of  𝑘mac used by gNB 
· Option 2: The value of TACommon 
· FFS the corresponding time (e.g. when the gNB Rx – Tx time difference measurement is performed)
· Option 3: Serving Satellite ID
· Option 4: Serving satellite ephemeris data along with the associated epoch time
· In PVT state vector format or Keplerian format.
· Option 5: Cell/beam reference point



Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We are fine with this proposal, and the options can be further discussed.

	ZTE
	For option 1, the kmac indication is not needed. The RTTservice between UE and satellite is used for location verification. And the RTTservice can be obtained based on RTT between UE and RP for UL sync (i.e., full TA) and RTT between satellite and RP for UL sync (i.e., common TA). Kmac is not needed in the calculation so that it is not needed to be transferred to LMF.
For option 2, since common TA can be transferred to LMF either by UE or by gNB, which one is responsible for the transfer can be further discussed.
For option 3 and 4, we think option 4 is needed to determine the satellite positions if LMF cannot obtain the ephemeris from other sources. As for option 3, we do not see clear necessity if option 4 is supported.
For option 5, do not see the need.

	Panasonic
	It is not on RAN1 alone to decide which data is indicated to LMF. The method of determining RTT should become clearer before deciding on the indicated data. 

	TCL 
	 Option 3 in addition to 
· Satellite beam ID 
· Satellite orbital trajectories (i.e., ephemeris parameters) 
· Angle of arrival (AoA)/direction of arrival (DoA) of the uplink positioning signal 
To help addressing the ambiguity issue 

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2nd round
Proposal 9
The following proposal will be further discussed during the offline session on Day 3. Companies are encouraged to further comments on the proposal to ease the discussion at the upcoming offline/online sessions:

Updated proposal 9
The information to be transferred from the gNB to LMF for Multi-RTT positioning with single Satellite includes at least one of the following:
· Option 1: The value of  𝑘mac used by gNB 
· Option 2: The value of TACommon 
· FFS the corresponding time (e.g. when the gNB Rx – Tx time difference measurement is performed)
· Option 3: Serving Satellite ID
· Option 4: Serving satellite ephemeris data along with the associated epoch time
· In PVT state vector format or Keplerian format.
· Option 5: Cell/beam reference point



Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	NTT DOCOMO
	Fine with this proposal. 

	MediaTek
	Fine to discuss options further. On option 2 and Option 5 we have same view as ZTE in first round, these options seem not needed.

	CATT
	Need further discussion

	TCL
	Need further discussion.



FL Recommendation: 
Companies are encouraged to provide inputs on the information to be transferred from the gNB to LMF for Multi-RTT positioning with single Satellite
Topic#10 Information to be transferred from the LMF to UE for Multi-RTT positioning with single Satellite
Background
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 the following Table.

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



As per the conclusions of RAN1 study on network verified UE location, some additional assistance data may need to be exchanged between gNB and LMF via NRPPa procedures and/or between UE and LMF via LPP procedures.

Companies’ contributions summary
On Topic#10, the companies made the following observations and proposals:

	Companies
	Proposals

	THALES
	Proposal 10: 
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 11: 
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.




1st round
Proposal 10
Based on the above the following proposal is made:

Initial proposal 10
RAN1 to discuss whether the information to be transferred from the LMF to UE for Multi-RTT positioning with single satellite may include one or more of the following:
· Option 1: Satellite positions at which the PRS should be measured
· Option 2: Satellite positions at which the aperiodic SRS should be activated
· Option 3: a Timestamp at which the PRS should be measured
· A specific time stamp (e.g. that can include the Hyper-FN, the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN
· Option 3: a Timestamp at which the aperiodic SRS should be activated
· A specific time stamp (e.g. that can include the Hyper-FN , the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We think this proposal is too early. Related proposals on reference signals and timestamp should first be discussed.

	ZTE
	LMF will configure the time resources for PRS and SRS. UE may derive the satellite positions based on configured timing. Then no need to additionally indicate satellite positions or time stamps.

	Panasonic
	We think that the current design in TS 38.305 is based on Activation Time and we prefer to stay inline with that. Hence, we prefer Option 3 and 4.

	Huawei, HiSilicon
	Option 3 should be revised to add “TRS”.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2nd round
Proposal 10
The following proposal will be further discussed during the offline session on Day 3. Companies are encouraged to further comments on the proposal to ease the discussion at the upcoming offline/online sessions:

Initial proposal 10
RAN1 to discuss whether the information to be transferred from the LMF to UE for Multi-RTT positioning with single satellite may include one or more of the following:
· Option 1: Satellite positions at which the PRS should be measured
· Option 2: Satellite positions at which the aperiodic SRS should be activated
· Option 3: a Timestamp at which the PRS/TRS should be measured
· A specific time stamp (e.g. that can include the Hyper-FN, the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN
· Option 3: a Timestamp at which the aperiodic SRS should be activated
· A specific time stamp (e.g. that can include the Hyper-FN , the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Panasonic 
	LMF configures the timing of PRS and SRS, and UE can derive satellite position based on this. There seems to be no need to indicate satellite positions or time stamps.

	MediaTek
	This proposal can be further discussed in RAN1.

	CATT
	Need further discussion

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



FL Recommendation: 
Companies are encouraged to provide inputs on the information to be transferred from the LMF to the UE for Multi-RTT positioning with single Satellite

Topic#11 Information to be transferred from the LMF to gNB for Multi-RTT positioning with single Satellite
Background
The Positioning Activation/Deactivation request information that may be signalled from the LMF to the gNB is listed in the following Table.

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



As per the conclusions of RAN1 study on network verified UE location, some additional assistance data may need to be exchanged between gNB and LMF via NRPPa procedures and/or between UE and LMF via LPP procedures.

Companies’ contributions summary
On Topic#11, the companies made the following observations and proposals:

	Companies
	Proposals

	THALES
	Proposal 11: 
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.




1st round
Proposal 11
Based on the above the following proposal is made:

Initial proposal 11:
RAN1 to discuss whether the information to be transferred from the LMF to the gNB for Multi-RTT positioning with single satellite may include one or more of the following:
· Option 1: Satellite positions at which the SRS should be measured
· Option 2: Satellite positions at which the aperiodic PRS should be activated
· Option 3: a Timestamp at which the SRS should be measured
· A specific time stamp (e.g. that can include the Hyper-FN, the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN
· Option 3: a Timestamp at which the aperiodic PRS should be activated
· A specific time stamp (e.g. that can include the Hyper-FN , the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN



Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	We think this proposal is too early. Related proposals on reference signals and timestamp should first be discussed.

	ZTE
	LMF will configure the time resources for PRS and SRS. gNB may derive the satellite positions based on configured timing. Then no need to additionally indicate satellite positions or time stamps.

	Panasonic
	We think that the current design in TS 38.305 is based on Activation Time and we prefer to stay inline with that. Hence, we prefer Option 3 and 4.

	Huawei, HiSilicon
	For option 2 and 3, TRS should be also added.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




2nd round
Proposal 11
The following proposal will be further discussed during the offline session on Day 3. Companies are encouraged to further comments on the proposal to ease the discussion at the upcoming offline/online sessions:

Initial proposal 11:
RAN1 to discuss whether the information to be transferred from the LMF to the gNB for Multi-RTT positioning with single satellite may include one or more of the following:
· Option 1: Satellite positions at which the SRS should be measured
· Option 2: Satellite positions at which the aperiodic PRS should be activated
· Option 3: a Timestamp at which the SRS should be measured
· A specific time stamp (e.g. that can include the Hyper-FN, the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN
· Option 3: a Timestamp at which the aperiodic PRS should be activated
· A specific time stamp (e.g. that can include the Hyper-FN , the SFN and the slot number for a subcarrier spacing) may need to be defined for NTN

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Panasonic
	LMF configures the timing of PRS and SRS, and gNB can derive satellite position based on this. There seems to be no need to indicate satellite positions or time stamps.

	CATT
	Need further discussion

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



FL Recommendation: 
Companies are encouraged to provide inputs on the information to be transferred from the LMF to the gNB for Multi-RTT positioning with single Satellite

Topic#12	 Solving the mirror position ambiguity
Background
For UE location verification in case of single satellite, multi-RTT method cannot distinguish between the mirror positions on either side of the orbital plane and other input(s) is (are) required to resolve this ambiguity.
The following note is captured within the revised WID [RP-223534]:
Note 6 : The enhancements should take into account the mirror-image ambiguity

Companies’ contributions summary
On Topic#12, the companies made the following observations and proposals:

	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 


	OPPO
	Observation 3: the mirror-image ambiguity can be resolved if the LMF verifies both actual and mirror positions with the UE reported location. This can be left for LMF implementation without RAN1 enhancement.
Observation 4: Relying UL-AOA to resolve the ambiguity issue depends on whether there exists the link for the satellite to report the measurement results to gNB. 
Observation 5: Relying on UE reporting RSRP of received CSI-RS beams to make LMF able to clear the ambiguity is already supported by ECID method. 

Proposal 5: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary. 


	THALES
	Observation 5.	Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.
Observation 6.	The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.
Observation 7.	The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment.

Proposal 12: NR NTN UE should report the Doppler calculated on the service link.
Proposal 13: a VSAT UE should report its beam pointing in respect to satellite beam line of sight.
Proposal 14: Angle-based positioning techniques are supported in NR NTN



	Nokia, Nokia Shanghai Bell
	Observation 3: Methods like multi-RTT and UL/DL-TDOA cannot distinguish between the mirror positions on either side of the orbital plane and additional input is required.
Observation 4: UE neighboring cells measurements can be a good indicator of the UE location relative to the orbital line.

Proposal 3: RAN1 to consider to combine UE neighbor measurements to solve the ambiguity between mirror points.
Proposal 4: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.


	xiaomi
	Proposal 3: It is up to the gNB’s implementation to solve the mirror error issue.


	CATT
	Observation 1: Due to the geometry symmetry, the mirror-image ambiguity problem exists in single LEO satellite scenario, and cannot be resolved by timing based RAT positioning methods, such as Multi-RTT and DL-TDOA.
Observation 2: The additional information should be involved to resolve the mirror position problem for multi-RTT or DL-TDOA methods in single LEO satellite scenario.


	ZTE
	Proposal 5: Mirror image ambiguity when single satellite is in view can be solved through implementation. No spec enhancement is needed.  


	Intel Corporation
	Observation 2: 
· It is not possible to avoid mirror image ambiguity using only timing-based solutions with one satellite
Proposal 3: 
· Discuss the following solutions for the mirror-ambiguity issue
· Reporting of cell coverage information to the LMF
· Reporting of the side of UE w.r.t.  the orbital plane to the LMF
· Reporting of angular information (e.g., based on UL-AoA) to the LMF


	ETRI
	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 3. RAN1 considers to rely on beam/cell deployments including beam ID/cell ID or UL AoA to resolve the mirror-image ambiguity

Proposal 5. In order to avoid mirror-image ambiguity, RAN1 considers multi-RTT measurement reporting with pre-configured locations.


	Lenovo
	Observation 3: The mirror ambiguity would result in two positioning estimates of the target UE.
Observation 4: Knowledge of positioning beam identity or uplink angle of arrival may be sufficient to resolve mirror ambiguity.

Proposal 6: Support indication of positioning beam identity or uplink angle of arrival to address mirror ambiguity in time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite.
Proposal 7: Send a LS to SA2 to clarify whether mirror ambiguity needs to be resolved by the LMF or location estimates with mirror ambiguity may be sufficient for verification using NI-LR procedures.


	Ericsson
	Proposal 3	RAN1 to support and enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.


	Apple
	Proposal 7: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  


	NTT DOCOMO
	Proposal 3: 
The procedure of acquiring UL AoA information via satellite should be firstly clarified.
· If clarified, low resolution UL AoA information can be reported to LMF to resolve the mirror image ambiguity.


	TCL Communication Ltd.
	Observation 1: Time-based measurement positioning methods cannot able to guarantee the targeted positioning accuracy of 5-10km under the considerations of timing differences measurement error and the mirror-image ambiguity issue. 

Proposal 2: Investigate how to resolve the mirror image ambiguity for UE within a beam underneath a satellite’s path plane for time-based measurement positioning methods.





1st round
Proposal 12
Different solutions were discussed in companies contributions to resolve the issue on mirror points ambiguity. These solutions worth to be further discussed in RAN1. We can agree on a preliminary list (given by initial proposal 12) in current meeting as candidate features to resolve the issue. Then, make a trade-off, down-select  potential(s) candidate (s) solution(s) and discuss details design in future RAN1 meetings if relevant.
Based on the above the following proposal is made:

Initial proposal 12 
Select one (or more) of the following options to resolve the mirror positions ambiguity:
· Option 1: gNB’ s implementation to solve the mirror error issue. No spec enhancement is needed.
· Option 2: Reuse existing ECID method
· 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: Combine UE neighbor measurements to solve the ambiguity between mirror positions
· Option 6: Reporting of cell coverage information to the LMF
· Option 7: Support and enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Support proposal. Options can be further discussed.

	Samsung
	Other solutions should not be excluded. 

	ZTE
	We support option 1.

	Panasonic
	We support Option 1 and 2.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2nd round
Proposal 12
The following proposal will be further discussed during the offline session on Day 3. Companies are encouraged to further comments on the proposal to ease the discussion at the upcoming offline/online sessions:

Updated proposal 12 
Select one (or more) of the following options to resolve the mirror positions ambiguity:
· Option 1: gNB’ s implementation to solve the mirror error issue. No spec enhancement is needed.
· Option 2: Reuse existing ECID method
· 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: Combine UE neighbor measurements to solve the ambiguity between mirror positions
· Option 6: Reporting of cell coverage information to the LMF
· Option 7: Support and enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Panasonic
	We support Option 1 and 2.

	NTT DOCOMO
	We’d like to know the feasibility of acquiring UL AoA information via satellite. If clarified, option7 is preferred. 

	CATT
	Need more discussion. Current candidates may not be enough. 

	
	



The issue#12 on solving the mirror position ambiguity was discussed during the online session on Day 5. The following agreement was made:

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

Topic#13 Multiple satellite support for multi-RTT positioning in NTN
Background
As per the revised WID [RP-223534] and 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]. 
Further it was noted in Note 4 in [RP-223534] : Multiple satellite in view by the UE may be considered if time allows.

Companies’ contributions summary
On Topic#13, the companies made the following observations and proposals:

	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Observation 1: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.
Observation 2: A UE may be connected/camping on different cells during fly over of the satellite and can measure the signal levels of the neighboring cells.

Proposal 1: RAN1 to specify the required changes to the specifications to have multiple satellite support for multi-RTT in NTN.
Proposal 2: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.


	Intel Corporation
	Proposal 6: 
· Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view


	Qualcomm
	Proposal 4: Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized at uplink synchronization reference points


	NTT DOCOMO
	Observation: 
Single satellite may not meet the accuracy requirement for verification, or not satisfy less time duration of the verification. In such cases, verification via multiple satellite can be beneficial.




1st round
Initial proposal 13
From Moderator’s perspective, support multiple satellites positioning for network verification of UE location is needed. Moreover, This would not need a significant additional specification effort.
Based on companies proposals and with the above observation in mind, the following proposal is made:

Initial proposal 13
Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Multiple satellite can be lower priority based on WID.

	Samsung
	While this proposal is common sense, we believe considering the limited TU we have, we should concentrate on single-satellite case. At the later stage of the normative phase, if we have time we can discuss multiple satellite.  

	ZTE
	Single-satellite case should be first discussed. This is low priority issue.

	Panasonic
	Multiple satellite support can be of lower priority.

	Huawei, HiSilicon
	This should be deprioritized based on the WID guidance. No need to discuss the proposal.

	
	



2nd round

Proposal 13
The following proposal will be further discussed during the offline session on Day 3. Companies are encouraged to further comments on the proposal to ease the discussion at the upcoming offline/online sessions:

Initial proposal 13
Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized


Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	Panasonic
	Given the difficult discussions, multiple satellite support should be of lowest priority.

	NTT DOCOMO
	Fine to study multi-satellite case compares to other optional solutions if time allows.

	CATT
	Generally support it.

	
	

	
	

	
	




[CLOSED] Topic#14 DL-TODA based positioning in NTN
Background
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.
Companies’ contributions summary
On Topic#14, the companies made the following observations and proposals:

	Companies
	Proposals

	OPPO
	Observation 2: the measurement error due to clock drift is smaller than +/- 16ns. With common case of 20 ms SSB period, the measurement error is reduced to +/- 2 ns. 

Proposal 4: RAN1 confirms that the clock drift issue does not impact the  RAN1 DL-TDOA performance observation made in RAN1#111. 


	vivo
	Technically, both methods can work with single satellite in view by UE. However, considering there’s limited TU and limited number of meetings left in RAN1 for Rel-18, we would prefer to have only one method specified. Given the majority would like to treat Multi-RTT method with higher priority as is also agreed in RAN plenary meeting, we would propose to only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE in NR Rel-18.

Proposal 1:
· Only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE.


	xiaomi
	Observation 4: The UE clock error issue has little impact on the performance of the DL-TDOA based solution.

Proposal 2: The DL reference signal time difference (DL RSTD) is the DL relative timing difference between the measurement occasion j and the reference measurement occasion i for DL-TDoA based positioning.


	CATT
	Proposal 1: The periodically calibration of UE clock should be considered to reduce the clock drift in single LEO satellite scenario for DL-TDOA method.
Proposal 2: For DL-TDOA, with proper UE clock drift assumption, the accuracy of positioning can satisfy the 10km requirement.


	Intel Corporation
	Observation 3: 
· Frequency error of 0.1 ppm for S-band results in an error of 0.9 km (3 µs) for measurement interval of 30 seconds
Observation 4:
· Frequency error (mismatch with nominal frequency) due to Doppler shift caused by UE speed and due to non-ideal compensation of Doppler shift caused by satellite speed is significant (larger than 0.1 PPM)
Observation 5: 
· For DL-TDOA, a UE is required to maintain tight frequency synchronisation for long time period (at least 30 second) to decrease the timing/positioning error which can lead to higher UE power consumption

Proposal 5: 
· RAN1 should focus on the multi-RTT method as a primary solution for NTN UE location verification
· DL-TDOA and UL-TDOA can be considered in future releases


	Samsung
	Observation 1:  DL-TDOA does not offer any evident advantage over multi-RTT.  For single satellite case, DL-TDOA is susceptible to the clock drift and its accuracy degrades for a typical window of measurement.

Proposal 1: RAN1 focus only on specification changes (if any) for Multi-RTT
Proposal 2: RAN1 focus on modifications needed for Multi-RTT to enable LMF verify the validity of the measurements reported by the UE.


	Qualcomm
	Observation 1: If a clock that is synchronized with the DL signal is used to measure TDOA of DL signals from a LEO satellite, the TDOA measurements will be consistent with whatever GNSS location that UE assumes.


	TCL Communication Ltd.
	Proposal 1: Discuss the solutions to mitigate the timing measurements error due the satellite movement, the synchronization error and/or the clock drift between the UE and satellite for time-based measurement positioning methods.




Initial proposal 14
There are different views on whether to support additional positioning method i.e. DL-TDOA in NTN in the contributions submitted to RAN1#112. Given, the limited time TU for this normative work, it is moderator’s view to only focus on specification changes for Multi-RTT positioning method in NTN in current Release.
The Initial Proposal 14 is made as follows:

Initial proposal 14:
RAN1 to focus on the multi-RTT method as a primary Release-18 solution for NTN UE location verification

Companies are encouraged to provide views within the following table:
	Companies
	Comments and Views

	MediaTek
	Support proposal

	Samsung
	Agree

	ZTE
	Support

	Panasonic
	We agree.

	Huawei, HiSilicon
	It is not clear how to understand primary Rel-18 solution. let’s make it clear, e.g.:

DL-TDOA is not supported for UE location verification.

	TCL
	Support

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


FL Recommendation: Based on offline discussion, it seems that this proposal is not needed as the focus is already on multi-RTT method as per the revised WID. The issue can be closed for now.

[bookmark: _Toc102489800]Conclusion
The following agreements and conclusion were achieved 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 
· [bookmark: _GoBack]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.


[bookmark: _Toc102489803]Appendix I: Summary of proposals
	TDoc
	Source
	

	R1-2300118
	Huawei, HiSilicon
	Observation 1: Due to the involvement of , the limited reporting range of gNB Rx-Tx time difference currently specified for terrestrial network is not directly applicable for UE location verification in NTN. 
Observation 2: Due to the limited reporting range, the report mapping of UE Rx-Tx time difference measurement in terrestrial network is not directly applicable for the UE location verification in NTN. 
Observation 3: No adaptations are crucially needed to enable Rx-Tx measurements involving multiple cells within the same satellite. 

Proposal 1: Support reusing the existing reference signals, e.g., CSI-RS, for multi-RTT based location verification to avoid significant resource overhead and UE power consumption due to UE location verification. 
Proposal 2: To keep the current definition in RAN4 and report mapping of gNB Rx-Tx time difference, an offset to cover kmac, e.g. Toffset in Figure 1, should be transferred from gNB to the LMF as the assistance data for RTT calculation. 
Proposal 3: An offset, which is determined by rounding the real UE Rx-Tx time difference to the nearest integer in the unit of milliseconds, should be transferred from UE to the LMF in addition to the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step . 
Proposal 4: For TA based reporting, TA is reported by UE to LMF, meanwhile the detected TA offset on gNB can be reported to LMF. 
Proposal 5: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation, and a single bit, indicating the left side or the right side of UE position with respect to the orbital plane, can be transferred from gNB to the LMF to resolve the ambiguity of mirror position. 
Proposal 6: Feeder link latency as well as satellite processing time should be taken into account when estimating UE’s location in NTN with transparent satellite.
Proposal 7: To reflect the actual propagation delay between UE and the satellite, common TA parameters should be additionally transferred from gNB to the LMF in TA report based multi-RTT positioning. 
Proposal 8: Support one the following alternatives:
· Alt.1: transferring ephemeris of satellites with respect to transmit timing and received timing from gNB to the LMF;
· Alt.2: support transferring satellites’ coordinates with respect to transmit timing and received timing from UE to the LMF. 


	R1-2300267
	OPPO
	Observation 1: Rx-Tx time difference takes into account the potential DL synchronization error compared to a direct TA reporting.
Observation 2: the measurement error due to clock drift is smaller than +/- 16ns. With common case of 20 ms SSB period, the measurement error is reduced to +/- 2 ns. 
Observation 3: the mirror-image ambiguity can be resolved if the LMF verifies both actual and mirror positions with the UE reported location. This can be left for LMF implementation without RAN1 enhancement.
Observation 4: Relying UL-AOA to resolve the ambiguity issue depends on whether there exists the link for the satellite to report the measurement results to gNB. 
Observation 5: Relying on UE reporting RSRP of received CSI-RS beams to make LMF able to clear the ambiguity is already supported by ECID method. 
Proposal 1: for multi-RTT positioning method, in addition to UE Rx-Tx time difference, UE also reports the subframe #j and the SFN index for which UE determines the TUE-TX. 
Proposal 2: gNB should report common TA related information to the LMF.
Proposal 3: For multi-RTT method, alternative to Rx-Tx timing difference is not needed. 
Proposal 4: RAN1 confirms that the clock drift issue does not impact the  RAN1 DL-TDOA performance observation made in RAN1#111. 
Proposal 5: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary. 


	R1-2300319
	THALES
	Observation 1.	The same reporting granularity of UE Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the maximum additional error on RTT measurement would be equal to 16ns. 
Observation 2.	The same reporting granularity of gNB Rx-Tx time difference as defined for TN  can be also used for the network verified UE location based on Multi-RTT method as the additional error on RTT measurement would be equal to 16ns. 
Observation 3.	 The geometry relating the UE and positioning anchor points (TRP) affects the network verified UE location based on Multi-RTT method.
Observation 4.	For multi-RTT-based positioning in NTN, the maximum acceptable PDOP value appropriate for making accurate decisions is equal to 166
Observation 5.	Different techniques for angle-based positioning can be used to estimate UE location depending on satellite antenna architecture and whether digital. analog or hybrid beamforming are used.
Observation 6.	The result of the UL-AoA based positioning is a point on Earth. with a certain angular accuracy. Different defects may affect the angle estimation such as satellite beam pointing error. phase noise and defects due to all transformations (or operations) applied on the signals. from AE on board to the receiving base station on the ground.
Observation 7.	The main advantage of UL-AoA positioning method is the low latency and its applicability for the GEO based NTN deployment

Proposal 1: For multi-RTT-based positioning in NTN, the reporting range for the absolute UE Rx-Tx time difference measurement is from -531886051 to +531886051.
· Note: The same reporting granularities of UE Rx-Tx time difference as defined in clause 10.1.25 of  TS 38.133 are reused in NTN.
Proposal 2: 
For multi-RTT-based positioning in NTN, the reporting range for the gNB Rx-Tx time difference measurement is from -531886051 to +531886051.
Note: The same reporting granularities of gNB Rx-Tx time difference as defined in clause 13.7 of  TS 38.133 are reused in NTN.
Proposal 3: 
The reference point for TgNB-RX  and TgNB-TX used for the gNB Rx – Tx time difference measurement in NTN shall be:
For TgNB-RX :
· for SAN type 1-O: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna)
· for SAN type1-H: the Rx Transceiver Array Boundary connector.
For TgNB-TX:
· for SAN type 1-O: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
· for SAN type 1-H: the Tx Transceiver Array Boundary connector
Note: The supported SAN type are defined in TS 38.108


Proposal 4:
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 (e.g at LMF or gNB).
Proposal 5: 
For multi-RTT based positioning in NTN, the UE should include the calculated  to the measurement results that need be transferred from UE to the LMF.
Proposal 6: 
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.
Proposal 7: 
For multi-RTT based positioning in NTN, 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
Proposal 8: 
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 9: 
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 10: 
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 11: 
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.
Proposal 12: NR NTN UE should report the Doppler calculated on the service link.
Proposal 13: a VSAT UE should report its beam pointing in respect to satellite beam line of sight.
Proposal 14: Angle-based positioning techniques are supported in NR NTN


	R1-2300379
	Nokia, Nokia Shanghai Bell
	Observation 1: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.
Observation 2: A UE may be connected/camping on different cells during fly over of the satellite and can measure the signal levels of the neighboring cells.
Observation 3: Methods like multi-RTT and UL/DL-TDOA cannot distinguish between the mirror positions on either side of the orbital plane and additional input is required.
Observation 4: UE neighboring cells measurements can be a good indicator of the UE location relative to the orbital line.
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 specify the required changes to the specifications to have multiple satellite support for multi-RTT in NTN.
Proposal 2: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.
Proposal 3: RAN1 to consider to combine UE neighbor measurements to solve the ambiguity between mirror points.
Proposal 4: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.
Proposal 5: RAN1 to discuss the impact and mitigation techniques for poor radio propagation conditions.

	R1-2300473
	vivo
	Observation 1:
· All the TN triggering methods can be applied for supporting Multi-RTT method in NTN in principle but some updates are needed considering the single satellite based positioning requirements and the large RTT in NTN.

Proposal 1:
· Only specify Multi-RTT method for RAT dependent positioning in NTN assuming single satellite in view by UE.
Proposal 2:
· For supporting Multi-RTT method in NTN, reuse TN gNB/UE Rx-Tx time difference calculation methods in principle and assume a time unit based on the maximum RTT of NTN .
Proposal 3:
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering methods in TN.
Proposal 4:
· For supporting Multi-RTT method in NTN, extend the timing quality resolution up to hundreds of meters so that up to 10km quality can be reported.
Proposal 5:
· For supporting Multi-RTT method in NTN, RAN1 to discuss whether and how to mitigate the uplink timing error.


	R1-2300554
	xiaomi
	Observation 1: The impact on the positioning accuracy due to the height division error is negligible. 
Observation 2: The latency expected can meet the SA’s recommendation.
Observation 3: The RTT change due to the satellite movement is negligible.
Observation 4: The UE clock error issue has little impact on the performance of the DL-TDOA based solution.

Proposal 1: The actual Rx – Tx time difference at the gNB and UE side should be reported for multi-RTT based positioning solution.
Proposal 2: The DL reference signal time difference (DL RSTD) is the DL relative timing difference between the measurement occasion j and the reference measurement occasion i for DL-TDoA based positioning.
Proposal 3: It is up to the gNB’s implementation to solve the mirror error issue.


	R1-2300659
	CATT
	Observation 1: Due to the geometry symmetry, the mirror-image ambiguity problem exists in single LEO satellite scenario, and cannot be resolved by timing based RAT positioning methods, such as Multi-RTT and DL-TDOA.
Observation 2: The additional information should be involved to resolve the mirror position problem for multi-RTT or DL-TDOA methods in single LEO satellite scenario.
Observation 3: Considering the satellite movement and the UE processing gap, the RTT measurements of Multi-RTT method should be properly modified to relieve the impact on accuracy.

Proposal 1: The periodically calibration of UE clock should be considered to reduce the clock drift in single LEO satellite scenario for DL-TDOA method.
Proposal 2: For DL-TDOA, with proper UE clock drift assumption, the accuracy of positioning can satisfy the 10km requirement.


	R1-2300705
	ZTE
	Observation 1: TA report supported in Rel-17 NTN can be used for RTT estimation. The granularity may need to be enhanced for better location verification performance.
Observation 2: TA reported by UE can be considered to have similar reliability as other RAT dependent parameters since it is a physical layer parameter related to UL synchronization.
Proposal 1: TA report based RTT estimation should be supported in multi-RTT method in NTN location verification.
Proposal 2: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 3: Ephemeris report to CN from gNB or UE should be supported for location verification. 
Proposal 4: TA report to CN from gNB should be supported for location verification. 
Proposal 5: Mirror image ambiguity when single satellite is in view can be solved through implementation. No spec enhancement is needed.  


	R1-2300714
	PANASONIC
	Observation 1: Current specifications on UE Rx-Tx Time Difference Measurement and gNB Rx-Tx Time Difference Measurement are designed for terrestrial deployments. They alone are not suitable for NTN.

Observation 2: The sum of UE and gNB Rx-Tx time differences yield the RTT in terrestrial deployments.

Observation 3: Large timing advance values in NTN lead to a severe underestimation of the RTT, if only the sum of UE and gNB Rx-Tx time differences is considered.

Observation 4: gNB Rx-Tx TD can be modelled as -TA+RTT; UE Rx-Tx TD can be modelled as TA-floor(TA/1ms+0.5)*1ms.
· Note: This assume that TA is sufficiently accurate (within +/- 0.5ms of the actual RTT).

Observation 5: If subframe duration and slot duration equal 1ms, the legacy TA report, suitably corrected by the sign of the UE Rx-Tx time difference, yields the number of skipped subframes.
Observation 6: RTT can be estimated based on the sum of UE Rx-Tx TD and gNB Rx-Tx TD and a modified TA-report with the equation RTT = UE_RTTD + gNB_RTTD  + TA_report – ceil(UE_RTTD/SD)*SD.

Observation 7: There is currently no means for either UE or gNB to transfer the TA-report to the LMF.

Observation 8: A variety of functional splits for computing the RTT exists. 
· Note: A functional split describes the responsibilities assumed by UE and gNB for computing the RTT from its components UE_RTTD, gNB_RTTD and TA-report.

Proposal 1: RTT is estimated based on legacy UE/gNB Rx-Tx time differences and the legacy TA_report based on the equation RTT = UE_RTTD + gNB_RTTD  + TA_report – ceil(UE_RTTD/SD)*SD with SD denoting slot duration.

Proposal 2: LS with RAN2 to amend TS 38.305 with a UE location verification procedure based on the Multi-RTT positioning procedure which is based on legacy UE TA-reports, UE and gNB Rx-Tx time difference measurements for each satellite position.

Proposal 3: As an additional security token, gNB indicates K_offset to LMF. LMF uses it for comparison with UE’s TA-report. UE is prevented from cell access if the comparison fails.

Proposal 4: RAN1 and RAN2 jointly provide an LS to SA3 describing a list of functional splits for computing RTT based on UE_RTTD, gNB_RTTD, and TA_report with their pros and cons.

	R1-2300889
	Sony
	Observation 1: The existing RAT dependent positioning framework supports collection of multiple RTT measurements over the [up to] 10 second period required for location verification.
Observation 2: The time gap between PRS and SRS should be minimized for the gNB’s TX-RX time difference measurement.
Observation 3: A malicious UE intent on reporting a fake location can also report fake location verification measurements commensurate with its fake location.

Proposal 1: The association between PRS and SRS should be configured for the purposes of RX-TX time difference measurements.
Proposal 2: RAN1 should consider whether or not the UE speed should be taken into account during the location verification process.
Proposal 3: RAN1 should use a combination of parameters both trusted and untrusted in UE location verification.
Proposal 4: RAN1 shall define network location verification methods that are immune to spoofing by malicious UEs intent on reporting a fake location.


	R1-2300966
	Intel Corporation
	Observation 1: 
· There is no changes required for measurements definition in TS 38.215 to support multi-RTT for the network verified UE location in NTN assuming a single satellite in view from RAN1 perspective
Proposal 1: 
· UE Rx-Tx time difference and gNB Tx-Rx time difference measurements based on PRS reception timing and SRS transmission timing shall be considered as baseline solution for multi-RTT in NTN
Proposal 2: 
· At least the following assistance information is required for multi-RTT in NTN
· Satellite ephemeris
· Feeder link RTT
Observation 2: 
· It is not possible to avoid mirror image ambiguity using only timing-based solutions with one satellite
Proposal 3: 
· Discuss the following solutions for the mirror-ambiguity issue
· Reporting of cell coverage information to the LMF
· Reporting of the side of UE w.r.t.  the orbital plane to the LMF
· Reporting of angular information (e.g., based on UL-AoA) to the LMF
Proposal 4: 
· It is up to the network/LMF how to handle the UE which are located near the orbital plane
Observation 3: 
· Frequency error of 0.1 ppm for S-band results in an error of 0.9 km (3 µs) for measurement interval of 30 seconds
Observation 4:
· Frequency error (mismatch with nominal frequency) due to Doppler shift caused by UE speed and due to non-ideal compensation of Doppler shift caused by satellite speed is significant (larger than 0.1 PPM)
Observation 5: 
· For DL-TDOA, a UE is required to maintain tight frequency synchronisation for long time period (at least 30 second) to decrease the timing/positioning error which can lead to higher UE power consumption
Proposal 5: 
· RAN1 should focus on the multi-RTT method as a primary solution for NTN UE location verification
· DL-TDOA and UL-TDOA can be considered in future releases
Proposal 6: 
· Consider extension of multi-RTT to NTN network-verified UE location with multiple satellites in view


	R1-2301052
	ETRI
	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. 
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.


	R1-2301056
	MediaTek Inc.
	
Observation 1: In multi-RTT positioning method with single satellite, linking the UE Rx – Tx time difference = TUE-RX – TUE-TX  report directly derived from  TTA to UL measurement occasions avoids the risk the network sends a command TA or clock drift impairments between time UE reports UE Rx – Tx time difference  and UE transmit SRS.
Observation 2: If the gNB receives the PRACH/ SRS/DMRS during UL measurement occasions and receive the report of UE Rx – Tx time difference derived directly from the TA, it can measure and correct any residual timing error caused by the accuracy of the terms in the TTA formula and other impairments to mitigate the timing error. 

Proposal 1: In multi-RTT positioning method with single satellite, UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA re-using the legacy R17 granularity for the report of UE Rx – Tx time difference.
Proposal 2: In multi-RTT positioning method with single satellite, the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA is linked to UL measurement occasions for gNB Rx-Tx time difference. 

Observation 3: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA does not depend on SNR conditions or measurement timing errors at the UE since PRS is note used.  
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be in the order of 20 Tc, or about 10 ns. 
Observation 5: The common TA can be signalled to the LMS to simplify the triangulation for the UE location verification.

	R1-2301073
	LG Electronics
	Proposal #1: For RTT determination, option 1 is preferred.
· Option 1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
Proposal #2: Send an SA3/SA3-LI to ask whether TA value reported by UE is trustful or not.
Proposal #3: For multi-RTT, consider at least following assistant information to LMF
· Ephemeris information
· Feeder link delay (e.g., Kmac and/or common TA)


	R1-2301217
	Lenovo
	Observation 1: Polarization indication signalling is not supported for reference signal used in positioning.
Observation 2: A polarization mismatch may decrease the positioning accuracy and/or increase the latency.
Observation 3: The mirror ambiguity would result in two positioning estimates of the target UE.
Observation 4: 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: Study the mechanism to adapt/modify the gNB Rx-Tx time difference definition for Multi-RTT for NTN systems with transparent payload.
Proposal 4: Support an indication of polarization to be used for uplink and downlink reference signals for positioning.
Proposal 5: Support a signalling mechanism to indicate the UE capability to support a polarization type for positioning.
Proposal 6: Support indication of positioning beam identity or uplink angle of arrival to address mirror ambiguity in time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite.
Proposal 7: Send a LS to SA2 to clarify whether mirror ambiguity needs to be resolved by the LMF or location estimates with mirror ambiguity may be sufficient for verification using NI-LR procedures.
Proposal 8: 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.  


	R1-2301284
	Samsung
	Observation 1:  DL-TDOA does not offer any evident advantage over multi-RTT.  For single satellite case, DL-TDOA is susceptible to the clock drift and its accuracy degrades for a typical window of measurement.

Observation 2: A malicious UE could report false value for the timing advance to deceive LMF when using Multi-RTT method for UE location calculation.
Observation 3: There are no plausible solutions for the LMF to check the validity of a false timing advance reported by a malicious UE.

Observation 4: A malicious UE could report false value for UE Rx-Tx time difference to deceive LMF when using Multi-RTT method for UE location calculation.

Observation 5:  Multi-RTT method based on UE Rx-Tx and gNB Rx-Tx has the potential to enable LMF to verify the validity of the measurements reported by the UE. 

Proposal 1: RAN1 focus only on specification changes (if any) for Multi-RTT.
Proposal 2: RAN1 focus on modifications needed for Multi-RTT to enable LMF verify the validity of the measurements reported by the UE.


	R1-2301305
	Ericsson Limited
	Observation 1	The Rel-17 UE RX-TX time difference measurement report is not sufficient to allow sufficiently accurate RTT calculation in NTN.
Observation 2	Although an NTN UE needs to report its true UE RX-TX time difference value to the LMF, it can merely report its fractional part if it were to use the Rel-17 UE RX-TX time difference measurement report given its limited reporting range of +/- 0.5 ms.

Proposal 1	RAN1 to modify the definition of the UE RX-TX time difference measurement for NTN.
Proposal 2	UE to report its true UE RX-TX time difference measurement value to the LMF using one of the following options:
Option 1: Extend the range of the UE RX-TX time difference measurement report for NTN.
Option 2: Define a new measurement parameter in NTN to enable the UE to report the integer part of its true RX-TX time difference measurement, and reuse the Rel-17 UE RX-TX time difference measurement parameter to report the fractional part of its true RX-TX time difference measurement.
Proposal 3	RAN1 to support and enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning to help resolve mirror image ambiguity and reduce UE location verification latency in NTN.
Proposal 4	UE reporting of TA cannot be trusted for the purpose of network-verified UE location in NTN.


	R1-2301366
	Apple
	Proposal 1: For network verifying UE location, gNB reports to LMF the satellite ephemeris information.

Proposal 2: For network verifying UE location using multi-RTT method, gNB reports to LMF the satellite timing of PRS transmission and the timing of SRS reception. 

Proposal 3: For network verifying UE location using multi-RTT method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

Proposal 4: For network verifying UE location, the multi-RTT method is not applied to a UE near satellite orbit region.

Proposal 5: For network verifying UE location using multi-RTT method, to ensure UE location verification accuracy no less than 5 km to avoid any privacy concern, restrict the total number of measurements within a certain time period in multi-RTT method.

Proposal 6: For network verifying UE location using multi-RTT method, do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 

Proposal 7: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring angle of arrival of uplink signals. This angle of arrival information is reported from gNB to LMF.  


	R1-2301433
	Qualcomm Incorporated
	Observation 1: If a clock that is synchronized with the DL signal is used to measure TDOA of DL signals from a LEO satellite, the TDOA measurements will be consistent with whatever GNSS location that UE assumes.
Proposal 1: For RTT measurement in NTN, support UE report of UE RX-TX time difference that indicates the time difference between the arrival time of a DL RS and the transmit time of an SRS. 
· FFS: details of report.

Proposal 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. 

Proposal 3: For network verification of UE location, support the report of the following from RAN to LMF:
· Footprints of the connected beam/cell and of the neighboring cells/beams if their RSRP measurements are reported. 

Proposal 4: Support network verification of UE location using multiple satellites with the following assumptions:
· UE is connected to one satellite 
· UE can detect DL RS from multiple satellites
· The involved satellites are synchronized at uplink synchronization reference points


	R1-2301513
	NTT DOCOMO, INC.
	Proposal 1: 
For network verification of UE location in NR NTN based on multi-RTT framework, report additional information to LMF, including at least satellite ephemeris.
Proposal 2: 
For network verification of UE location in NR NTN based on time-based positioning methods, study and identify the impact on the movement of satellite in a single measurement. 
· Legacy timing information report is enhanced by reporting additional timing information to LMF, e.g., the timing information of satellite transmitting the reference signal.

Proposal 3: 
The procedure of acquiring UL AoA information via satellite should be firstly clarified.
· If clarified, low resolution UL AoA information can be reported to LMF to resolve the mirror image ambiguity.
Proposal 4:
Send LS to SA3 to conclude whether TA report can be trusted.

Observation: 
Single satellite may not meet the accuracy requirement for verification, or not satisfy less time duration of the verification. In such cases, verification via multiple satellite can be beneficial.


	R1-2301653
	TCL Communication Ltd.
	Observation 1: Time-based measurement positioning methods cannot able to guarantee the targeted positioning accuracy of 5-10km under the considerations of timing differences measurement error and the mirror-image ambiguity issue. 
Proposal 1: Discuss the solutions to mitigate the timing measurements error due the satellite movement, the synchronization error and/or the clock drift between the UE and satellite for time-based measurement positioning methods.
Proposal 2: Investigate how to resolve the mirror image ambiguity for UE within a beam underneath a satellite’s path plane for time-based measurement positioning methods.




Appendix II: Outcomes of RAN1 study on network verified UE location 
The study and evaluation of potential solutions for network to verify UE reported location information was completed in RAN1#111. The following observation, conclusions and recommendations were made:

Observation
For network verified UE location based on multi-RTT positioning method using Rx-Tx time difference measurements with single satellite, assuming the ambiguity of the mirror image position is resolved, if the UE reports needed to perform multi-RTT can be assumed to be trusted:
· Five sources observed that multi-RTT positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with few seconds over-the-air latency (less or equal to 10s) with 95-percentile confidence level.
· Regarding the above observation, the following inputs were reported by companies:
· One source reported that the timing measurement error of SRS is smaller than 232 ns with 95% probability. And the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively. This source, reported also that satellite’s movement between TX and RX measurements is taken into account in the evaluation.
· One source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz. While for the SRS measurement, the maximum timing error is around 50ns with SRS bandwidth of 9.36 MHz. Further, this source, proposed that the RTT estimation error due to the movement of the satellite should be taken into account.
· Note: this source provided results using 2D positioning method.
· One source considered the maximum timing measurement error: 30ns, 50ns, 100ns, 200ns and uniform distribution of timing measurement error.
· One source reported that the timing measurement error of 95 percentile is equal to 8ns and 12.6ns for PRS and SRS respectively with an oversampling of 8. To take into account satellite movement between TX and RX measurements, for RTT calculation this source observed that the RTT between a satellite and a UE at time t0 can be approximated by the sum of the one-way delay at t0-T and the one-way delay at t0+T when T is small, e.g., less than 200 ms.
· One source observed that the positioning horizontal accuracy of less than 10km can be achieved with 180 seconds latency for earth fixed beam with 90-percentile confidence level
· This source reported that the timing measurement error of SRS and PRS can be smaller than 26.7ns and 6.1ns respectively with 95% probability under 30 degree elevation angle for LEO-600. Further, it observed that the satellite movement is taken into consideration when calculating the RTT.
· Two sources observed that multi-RTT positioning method require latency larger than 60 seconds for UE located nearby the orbital plane of a satellite during a certain time duration.
Note 1: Some companies observed that when 2D positioning method is used (e.g. when UE altitude is known to the network) better positioning latency/accuracy can be achieved compared to 3D positioning method.



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


Observation
For network verified UE location based on DL-TDOA positioning method with single satellite:
Eight companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the UE reports needed to perform DL-TDOA can be assumed to be trusted:
· Five sources observed that DL-TDOA positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km without considering UE Clock drift:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with 30 seconds or less:
· One of these 4 sources observed that horizontal positioning error is equal to 2.5km with 95% probability.
· This source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz
· Note 1: this source provided results using 2D positioning method.
· One of these 4 sources observed that horizontal positioning error of DL-TDOA via PRS with 3 RSTDs and a latency of 24s is equal to 5.33km with 90% probability and 8.92km with 95% probability.
· This source reported that the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively.
· This source observed that existing CSI RS can be used to meet the requirement with comparable latency
· One of these 4 sources observed that horizontal positioning accuracy for a latency of 30s with SNR of 5dB and with 90% probability is equal to 9.44km.
· This source observed that the maximum timing measurement error that can be allowed to meet the accuracy requirement of 10km is about 80ns.
· One of these 4 sources observed the horizontal positioning accuracy of less than 10km can be achieved for 90% of UEs with 12 seconds latency and for 95% of UEs with 20 seconds latency.	
· The maximum time measurement error considered by this source is equal to 6ns
· One source observed that the horizontal positioning error of DL-TDOA method can be smaller than 10 km with over 80% probability with 180 seconds latency.
· This source reported that the timing measurement error of PRS can be smaller than 6.1ns with 95%
· One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in DL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of DL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.
· Note 2: This source considered 10 ns UE Clock drift for all time measurement window.
· Note 3: Position accuracy requirements may not be met if realistic assumption on UE clock drift is considered.


Observation
For network verified UE location based on UL-TDOA positioning method with single satellite:
Two companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the measurements needed to perform UL-TDOA can be assumed to be trusted:
· One source observed that UL-TDOA cannot meet the target requirement for both earth fixed beam and earth moving beam. With 180s latency, positioning error performance that can be achieved is 34 km, CDF=90% and 13km, CDF=80%.
· This source reported that the timing measurement error of SRS can be smaller than 26.7ns with 95% probability under 30 degree elevation angle for LEO-600 set-1, rural LOS S-band scenario.
· One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in UL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of UL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.

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.
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