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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 9.9.2 at TSG-RAN WG1 #114. 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 refer to the appendix I for the details, with all the proposals. 

Topic#1 Combination of  UE and gNB receive-transmit time difference
Background
RAN#100 [22, RP-231482]  made the following agreement:
	Proposal 2
· TSG-RAN tasks RAN1 to focus its network verified UE location work on Alt1 for the combination of “UE and gNB receive-transmit time difference measurements”:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
If the work at RAN1 is not completed at RAN#101, the nwk verified UE location will be dropped from RAN1




In this section we further discuss the combination of the UE and gNB receive-transmit time difference measurements in Alt-1 (refer to related agreement in RAN1#112bis-e recopied hereafter):

RAN1#112bis made the following agreement:
	Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference.



Option 1 and Option 3 are recalled hereafter ( related agreement was made at RAN1#112):
	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 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



Companies’ contributions summary
The following proposals on Topic#1 are submitted to current RAN1 meeting:

	Companies
	Proposals

	THALES
	Proposal 2:
For RTT determination in NTN, with the combination of UE and gNB receive-transmit time difference measurements based on Alt1, the timing drift during   should be taken into account.
corresponds to the duration between the time of the reception of the PRS used for UE Rx-Tx time difference measurement at the UE and the time the SRS used for gNB Rx-Tx time difference measurement is transmitted.
Thereby, the RTT could be calculated as:

Where; 
And the UE should report the  and 


	Huawei, HiSilicon
	Proposal 1: Since the impact of UE autonomous adjustment of TA on positioning is tolerable, the TA difference report can be optionally reported if higher positioning accuracy is desired. 
Proposal 2: In order to figure out RTT between UE and uplink time synchronization reference point (UTSRP) at LMF: 
· UE Rx-Tx time difference is reported via an offset, which is determined from real UE Rx-Tx time difference by rounding the time difference between the transmit timing of uplink subframe # and receive timing of downlink subframe # to the nearest integer value in the unit of milliseconds, and the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step ,
· gNB Rx-Tx time difference is reported via keeping the current gNB Rx-Tx time difference

	ZTE
	Observation 1: The combination of legacy UE Rx-Tx time difference and an integer offset in option 3 is not equivalent to the time difference between UL subframe #i and DL subframe #i defined in option 1 due to the impact of timing drift.
Proposal 1: Option 1 of UE Rx-Tx time difference should be selected for Alt-1 due to its higher accuracy.
Proposal 2: To consider the impact on Alt1 of the timing drift between the time DL-PRS is received and the time SRS is transmitted, select following option for low signaling overhead and specification effort:
•	Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
Proposal 3: For option 1, the maximum duration between SRS and PRS can be set as 10ms. That is, UE transmits SRS within [-10, 10] ms of at least one DL PRS resource.


	vivo
	Proposal 2:
· Take signaling method of option 1 for UE Rx-Tx time difference determination.

Proposal 5:

· For supporting Multi-RTT method in NTN, apply a reduced time window for SRS transmissions corresponding to each PRS reception, and report additional TA related information associated to each measurement from UE to LMF to mitigate the uplink timing error.



	PANASONIC
	Proposal 5: Adopt Alt-1 and reuse the gNB and UE Rx-Tx time difference definitions in TS 38.133 for NTN.

Proposal 2: LMF computes the RTT between satellite and UE as 


Proposal 3: LMF bases the localization of a UE on N RTT measurements by solving a system of equations of the form 



	Ericsson
	Proposal 1	Enhance the legacy UE RX-TX time difference measurement for NR NTN based on Option 1.
Proposal 2	Enhance the UE RX-TX time difference report by including an N-bit integer parameter unit: msec) in the report to indicate the integer part of the enhanced UE RX-TX time difference measurement (e.g., N=6 for LEO and N=10 for GEO), while using the legacy UE RX-TX parameter to report the fractional part of the enhanced UE RX-TX time difference measurement.
Proposal 3	NTN UE to pre-compensate for the timing error due to timing drift in the reported UE RX-TX time difference measurement if enabled by the network. RAN4 can discuss the accuracy requirements for such pre-compensation if needed.
Proposal 4	UE shall pre-compensate for the timing error due to autonomous TA adjustment in the reported UE RX-TX time difference measurement if configured by the network. RAN4 can discuss the accuracy requirements for such pre-compensation if needed.
Proposal 5	If a UE cannot pre-compensate for the timing error due to autonomous TA update in the reported UE RX-TX time difference measurement, the UE shall report its uncompensated autonomous TA adjustment value to the LMF/gNB if configured by the network.

	CATT
	Proposal 1: For Alt-1, the △TA is not measured by signals, and the additional error should be involved and reported in RTT calculation.
Proposal 2: Autonomous TA adjustment on the UE Rx-Tx time difference calculation should be taken into account, or report the value of autonomous adjusting TA to LMF

	Nokia, Nokia Shanghai Bell
	Proposal 2: For RTT determination in NTN, RAN1 to adopt legacy definitions of UE and gNB Rx-Tx time difference as in TS 38.215 plus the reporting of an offset with slot granularity that avoids reporting a large number of bits.
Proposal 3: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
Proposal 4: RAN1 to discuss means for gNB/LMF to know whether the UE has adjusted the TA value.
Proposal 5: The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.
Proposal 6: The slot offset between DL and UL slot is reduced by Koffset prior to being reported to the LMF to reduce the additional overhead of reporting.



	Apple
	Proposal 1: For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 1, i.e., 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.
Proposal 3: For network verifying UE location, UE transmits SRS within a duration shorter than 160 ms (e.g., 2 ms) of at least one DL PRS resource, to address the positioning error due to large timing drift rate and satellite movement in NTN. 
Proposal 7: For network verifying UE location using multi-RTT method, gNB reports to LMF the timing of PRS transmission and the timing of SRS reception at satellite. 


	xiaomi
	Proposal 1: The legacy R17 definition of UE Rx-Tx time difference and gNB Rx-Tx time difference is adopted for NTN
Proposal 2: The time stamp can be reported along with the UE Rx-Tx time difference and gNB Rx-Tx time difference to the LMF to derive the actual time difference between the PRS and SRS.
Proposal 3: The UE can report its timing drift rate along with the reported Rx_Tx timing difference to LMF.


	Sharp
	Proposal 1: UE Rx-Tx time difference report includes 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


	NTT DOCOMO
	Proposal 2:
Regarding Alt-1 for the combination of UE and gNB receive-transmit time difference measurements, support option 3-1 or option 3-2 for UE Rx-Tx time difference.
Proposal 3:
Regarding the timing drift issue for UE Rx-Tx time difference, UE additionally reports a time offset to LMF to compensate the timing drift.  


	OPPO
	Proposal 1: RAN1 to adopt assumption 2, i.e. RTT = UE Rx-Tx + gNB Rx-Tx +delta
· UE Rx-Tx: follow TS 38.215
· gNB Rx-Tx: follow TS 38.215
· delta is derived from 
· UE->LMF: Common TA,  offset between TUE_Tx and SRS transmit time
· gNB->LMF:K_mac


	Samsung
	Proposal 1: UE reports to LMF the aggregate value of all autonomous TA adjustment udpdates and all TA adjustment updates due to TAC received from the gNB, that the UE has applied between the following: 1) receiving PRS in DL and 2) transmitting SRS in UL.
Proposal 2: For multiple PRS and multiple SRS, UE reports the aggregate value of all autonomous TA adjustment updates and all TA adjustment updates due to TAC for the regions between two neighboring PRS and/or SRS resources.
Proposal 3:  For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215.

	ETRI
	Proposal 1. For UE Rx-Tx time difference, the UE reports 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.
Proposal 2. The duration between SRS and PRS is set less than 160 ms and the timing drift is compensated by the UE.


	Lenovo
	Proposal 3: The gNB Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., gNB Rx-Tx time difference indicates the actual time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS at a reference point.
Proposal 4: The UE Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., UE Rx-Tx time difference indicates the actual time difference between the arrival time of a DL PRS for positioning and the transmit time of an SRS.


	TCL
	Proposal 1: Discuss the solutions to mitigate the timing measurements error the synchronization error and/or the clock drift between the UE and satellite for time-based measurement positioning methods.
Proposal 2: To mitigate the timing measurements error, the definition of UE and gNB receive-transmit time difference should be updated to considers either UE adjustment of timing advance (TA) of the measurement or to considerL1 based correction of the measured time difference.


	Qualcomm
	Proposal 1: For RTT determination in NTN, supports the legacy gNB RX-TX time difference with the following change
·  The start of the uplink subframe #i is determined by the received SRS resource that starts within the subframe. 
· Note: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS.

Proposal 2: For RTT determination in NTN, legacy UE RX-TX time difference is reported together with the following:
· Time stamps of the DL slot number and UL slot number of the UE RX-TX time difference
· The DL Doppler of the DL slot associated with the UE RX-TX time difference.

Proposal 3. For UE and gNB RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming zero Doppler for symbols before the DL-RS or SRS for positioning in the subframe.


	MediaTek
	Proposal 1: For Option 3, knowing the UE-specific TA from TA report based on Option 3-3, the network can link / pair the configuration of UL SRS and DL PRS so that the UL SRS is transmitted at the time the DL PRS is received at the device.

Proposal 2: For Option 3, the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort. 




The following table summarizes the preferred option regarding UE Rx-Tx time difference:
	
	UE Rx-Tx time difference
	Comment

	Thales
	Option 1
	

	Huawei
	Option 3
	An offset, which is determined from real UE Rx-Tx time difference by rounding the time difference between the transmit timing of uplink subframe # and receive timing of downlink subframe # to the nearest integer value in the unit of milliseconds, and the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step ,


	ZTE
	Option 1
	Option 1 of UE Rx-Tx time difference should be selected for Alt-1 due to its higher accuracy.

	vivo
	Option 1
	

	Ericsson
	Option 1
	Enhance the UE RX-TX time difference report by including an N-bit integer parameter unit: msec) in the report to indicate the integer part of the enhanced UE RX-TX time difference measurement (e.g., N=6 for LEO and N=10 for GEO), while using the legacy UE RX-TX parameter to report the fractional part of the enhanced UE RX-TX time difference measurement.

UE shall pre-compensate for the timing error due to autonomous TA adjustment in the reported UE RX-TX time difference measurement if configured by the network

If a UE cannot pre-compensate for the timing error due to autonomous TA update in the reported UE RX-TX time difference measurement, the UE shall report its uncompensated autonomous TA adjustment value to the LMF/gNB if configured by the network.

	CATT
	Option 1?
	Additional error should be involved and reported in RTT calculation.

Autonomous TA adjustment on the UE Rx-Tx time difference calculation should be taken into account, or report the value of autonomous adjusting TA to LMF

	Nokia, Nokia Shanghai Bell
	Option 3-3
	RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.

	Apple
	Option 1
	Option 1 is straightforward and accurate. It implements the nature of multi-RTT positioning method, since UE Rx-Tx time difference in TN is actually the timing advance at the time of receiving DL reference signals.

	Xiaomi
	Option 1
	The time stamp can be reported along with the UE Rx-Tx time difference and gNB Rx-Tx time difference to the LMF to derive the actual time difference between the PRS and SRS

The UE can report its timing drift rate along with the reported Rx_Tx timing difference to LMF

	NTT DOCOMO
	option 3-1 or option 3-2
	

	Samsung
	Option 1?
	UE reports to LMF the aggregate value of all autonomous TA adjustment udpdates and all TA adjustment updates due to TAC received from the gNB, that the UE has applied between the following: 1) receiving PRS in DL and 2) transmitting SRS in UL

	ETRI
	Option 3-1
	

	Qualcomm
	Option 1?
	For RTT determination in NTN, legacy UE RX-TX time difference is reported together with the following:
· Time stamps of the DL slot number and UL slot number of the UE RX-TX time difference
· The DL Doppler of the DL slot associated with the UE RX-TX time difference



Based on the above considerations the following proposals are made:
Proposal 1-1
Proposal 1-1:
For RTT determination in NTN, adopt the combination of the UE and gNB receive-transmit time difference measurements based on Alt1.
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted


Companies are encouraged to provide views on Proposal 1-1 within the following table:
	Companies
	Comments and Views

	Apple
	Agree. Based on RAN plenary guidance, we are not sure if this proposal is necessary. 

	QC
	Disagree. Option 3 UE RX-TX time difference alone has worse accuracy than a simple UE TA report without PRS and SRS. Necessary enhancements are needed.

	Panasonic
	Support. Option 3 is split in three sub-options, which are equivalent. They differ only in the way RTT components are combined. We prefer Option 3-3, which derives the RTT based on the TA-report since it demands the least specification work.  

	Huawei, HiSilicon
	Agree. 
But no need to discuss whether to agree this explicitly. RAN plenary already has the agreement.

	Xiaomi
	No need to have this proposal

	ZTE
	Agree. But no need of an agreement since it is tasked by RAN plenary.

	Ericsson
	The focus should be on technical details as RAN plenary has already selected Alt 1. We support Option 1 in Alt 1 for UE RX-TX.

	NTT DOCOMO
	Seem view with other companies that this proposal is not needed. 

	TCL
	Agree



Proposal 1-2
Proposal 1-2:
The definition and reporting details of  UE Rx-Tx time difference should be determined at this meeting

Companies are encouraged to provide views on Proposal 1-2 within the following table:
	Companies
	Comments and Views

	Apple
	Agree. Not sure if this proposal is necessary, since this is supposed to be the last RAN1 meeting for this WI. 

	QC
	Suggest to revise as the following:
Enhancements and reports in addition to legacy UE RX-TX time difference report should be determined at this meeting


	Panasonic
	Agree. For Alt-1, existing definitions can be re-used, for Alt-2 and -3, new definitions must be found. 

	Huawei, HiSilicon
	We are fine with this proposal.

	Xiaomi
	Fine

	ZTE
	This proposal seems not necessary.

	Ericsson
	OK. But not sure why we need to make an agreement on this.

	NTT DOCOMO
	This proposal seems not needed.

	OPPO
	Agree with other companies that the proposal is not needed.

	CATT
	Fine

	TCL
	Agree

	
	




Proposal 1-3
Proposal 1-3: 
For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 1, i.e., 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 (to be resolved in this meeting) : Whether additional information (e.g. DL Doppler of the DL slot associated with the UE RX-TX time difference) may be reported 

Companies are encouraged to provide views on Proposal 1-3 within the following table:
	Companies
	Comments and Views

	Apple
	Agree

	QC
	Disagree. The above is not the legacy definition.

	Panasonic
	Disagree with adopting Option 1. Alt-1 based on Option 3 allows re-use of the R17 framework. Option 1 requires a new framework with new definitions of UE and gNB Rx-Tx differences.

	Huawei, HiSilicon
	Regarding the statistics of supporting companies, we found that some companies supporting Option 3 is missed in the table, e.g. 6 compaines (Panasonic, LG, Sony, Sharp, Oppo, MTK). 

For the option 1 and option 3-1, based on the discussion in previous meetings, option 1 and option 3-1 are equivalent. Considering this we would prefer to merge the option 1 and option 3-1 as:
Proposal 1-3: 
For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 1, i.e., 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
· The UE Rx-Tx time difference is reported via an offset, which is determined from rounding the UE Rx-Tx time to the nearest integer value in the unit of milliseconds, and the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step 
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 (to be resolved in this meeting) : Whether additional information (e.g. DL Doppler of the DL slot associated with the UE RX-TX time difference) may be reported 


	Xiaomi
	It seems our position is not currently captured. We share the  view with QC that this is not the legacy definition.

	ZTE
	We agree to adopt option 1 for UE Rx-Tx time difference. However, we do not think additional information such as DL Doppler is needed. Therefore, the FFS is preferred to be removed.

	Ericsson
	We support Option 1 for UE RX-TX as it only requires modifying the legacy UE RX-TX time difference definition to account for the large RTT and then report the measurement. The difference with Option 3-1 is that Option 3-1 attempts to achieve the same goal by reusing the existing definition AND introducing a new offset to be measured by the UE. We wonder if the new offset with Option 3-1 needs to be defined as a new physical layer measurement? If so, Option 1 is a simpler solution with lower spec impact.

	NTT DOCOMO
	Disagree. Same view as Panasonic. Meanwhile, “TSG-RAN tasks RAN1 to focus its network verified UE location work on Alt1 for the combination of UE and gNB receive-transmit time difference measurements”, we only need to discuss down-selecting of option 3 and resolving the issue of option 3 (if necessary). 




Topic#2 Impact of timing drift 

Companies’ contributions summary
Many companies expressed views on the impact of timing drift on the Alt1. i.e. the timing drift between the time the PRS is received at the UE and the time the SRS is received at the gNB cannot be neglected and should be taken into account in the calculation of the RTT.

	
	Maximum PRS-to-SRS duration
	Comment

	ZTE
	UE transmits SRS within [-10, 10] ms
	at least one DL PRS resource

	vivo
	Apply a reduced time window for SRS transmissions corresponding to each PRS reception
	and report additional TA related information associated to each measurement from UE to LMF to mitigate the uplink timing error.

	Ericsson
	NTN UE to pre-compensate for the timing error due to timing drift in the reported UE RX-TX time difference measurement if enabled by the network
	

	Apple
	UE transmits SRS within a duration shorter than 160 ms (e.g., 2 ms)
	of at least one DL PRS resource

	NTT DOCOMO
	Regarding the timing drift issue for UE Rx-Tx time difference, UE additionally reports a time offset to LMF to compensate the timing drift
	

	Samsung
	Reducing 160 ms requirement for transmitting SRS to 10 ms or 20 ms will impose unnecessary scheduling constraints on network
	For multiple PRS and multiple SRS, UE reports the aggregate value of all autonomous TA adjustment updates and all TA adjustment updates due to TAC for the regions between two neighboring PRS and/or SRS resources.

	ETRI
	The duration between SRS and PRS is set less than 160 ms and the timing drift is compensated by the UE
	



Based on the above the following proposals are made

Proposal 2-1

Proposal 2-1
Proposed observation:
The accuracy of the combination of UE and gNB receive-transmit time difference based on Alt1 is affected by the timing drift. i.e. the timing drift between the UL and DL slots associated with the UE RX-TX time difference and 
the timing drift between the PRS is received at the UE and the time the SRS is received at the gNB. 
This timing drift cannot be neglected and should be taken into account in the calculation of the RTT.

Companies are encouraged to provide views on Proposal 2-1 within the following table:
	Companies
	Comments and Views

	Apple
	Agree

	QC
	OK

	Panasonic
	We do not agree to a unilateral observation. Alt-3 suffers from quantization errors of its (yet to be defined) timing stamps just as well as Alt-1 from timing drift.

	Huawei, HiSilicon
	Not agree. At UE, the time difference between uplink subframe #i and downlink subframe #i is accurately measured under Alt-1 such that the timing drift is incorporated into UE Rx-Tx time difference. The final UE Rx-Tx timing difference is in the unit of absolute time in e.g. ms, there is no issue due to the timing drift between UL and DL slots associated with the UE RX-TX time difference.

Hence Alt-1 is only affected by UE autonomous TA adjustment between the reception of PRS and transmission of SRS. 
However, based on our simulations, if the SRS and PRS is within 160ms window, the positioning accuracy is still within 5~10km. However, we can discuss among the three options to resolve the issue of timing drift.

Proposed observation:
The accuracy of the combination of UE and gNB receive-transmit time difference based on Alt1 is affected by the timing drift. i.e. the timing drift between the UL and DL slots associated with the UE RX-TX time difference and 
the autonomous timing adjustment drift between the PRS is received at the UE and the time the SRS is received at the gNBtransmitted at UE. 
This timing drift cannot be neglected and should be taken into account in the calculation of the RTT.


	Xiaomi
	Fine

	ZTE
	This observation is not needed. We can directly discuss the solution on how to treat timing drift.

	Ericsson
	We agree in principle as the timing drift needs to be accounted for. For instance, the UE can directly pre-compensate for the timing drift in the reported UE RX-TX measurement. In addition, the autonomous TA adjustment also needs to be accounted for.

	NTT DOCOMO
	OK

	OPPO
	OK

	CATT
	OK

	TCL
	We agree timing drift cannot be neglected..




Proposal 2-2

Proposal  2-2
The DL Doppler of the DL slot associated with the UE RX-TX time difference is reported to take into account the impact of the timing drift.

Companies are encouraged to provide views on Proposal 2-2 within the following table:
	Companies
	Comments and Views

	Apple
	We do not think an explicit report of DL Doppler is needed. We could simply restrict the time gap between DL PRS resource and UL SRS resource to keep the impact of timing drift limited, so that the UE location verification accuracy (5-10 km) is satisfied. 

	QC
	Agree. Feasibility with  significantly reduced  gap between PRS and SRS is questionable and it also effectively creates tight coupling between UE and gNB RX-TX time difference report.

	Panasonic
	We side with the majority that if PRS and SRS signals are transmitted and received within a reasonably small time window, then there is no need to deal with the Doppler shift. 

	Huawei, HiSilicon
	We have three options on the table and we should narrow down to one of them. If we decide to use signaling, we should directly report the TA difference between the  time when UE receives downlink RS and the time when UE transmits SRS.

	ZTE
	Not agree. We think the impact of timing drift can be handled by reducing the gap between PRS and SRS, which is simple and straightforward. 

	Ericsson
	If the UE directly pre-compensates for the timing drift in the reported UE RX-TX time difference measurement, then the PRS/SRS time window need not be restricted. We do not think that Doppler or timing drift needs to be reported if the UE is directly pre-compensating for the drift. Similarly, any autonomous timing adjustment made by the UE can also be compensated directly in the reported. The remaining autonomous timing adjustment (if any) needs to be reported to LMF/gNB.

	NTT DOCOMO
	We prefer simpler and less criterion/information report to resolve this issue. Meanwhile, DL Doppler is also related to GNSS information, we are not sure whether it can be trusted. 

	OPPO
	It seems that at least two different solutions can be considered
1) Restrict the gap to make the timing drift negligible 
2) Discuss the details of reporting timing drift

	CATT
	Not need the Doppler reporting. We have other solutions to resolve this issue.

	TCL 
	Same view with CATT. TA pre-compensation and/or UE and gNB receive-transmit time difference definition update consider timing drift impact is necessary



Topic#3 The reference points for the gNB Rx – Tx time difference 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.
In this regards, the following agreement was made in RAN1#112 meeting:
	Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB



This issue was extensively discussed in RAN1#112bis e-meeting, but no agreement could be made.
The following WS was made at RAN1#113:
	Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.




Companies’ contributions summary
On Topic#2, the companies made the following observations and proposals:

	Companies
	Proposals

	
	

	ZTE
	Proposal 4: Confirm the working assumption below:
	Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.




	vivo
	Proposals 1:
· Confirm the working assumption to take uplink time synchronization reference point as the position of the reference point for definition of gNB Rx-Tx time difference.


	PANASONIC
	Proposal 4: Confirm the working assumption on reference point of gNB Rx-Tx time difference, i.e., in NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.


	LG Electronics
	Proposal #1: Confirm following working assumption 
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF
Proposal #2: For combination of UE and gNB Rx-Tx time difference measurement, support Alt-1 (UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215). 
Proposal #3: Support UE to report information related to timing error or delay to LMF. 


	Sony
	Proposal 1: For UE RX-TX time difference measurement, RAN1 downselects between option 3-1 and option 3-2.
Proposal 2: The UE does not perform TA compensation during the time period of an RTT measurement procedure for NTN location verification.

	Ericsson
	Proposal 6	Enhance the legacy definition for the gNB RX-TX time difference measurement for NR NTN by enabling the gNB to account for the “RTT difference between the physical gNB RX-TX reference point and the uplink time synchronization reference point” in the gNB RX-TX time difference measurement reported to LMF.
Proposal 7	In NTN, the gNB receive-transmit time difference calculated at the uplink time synchronization reference point is reported to the LMF but it is up to the network where the actual measurement is performed (e.g., onboard the satellite, on the gNB or at the uplink time synchronization reference point).

	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN1 to decide that the gNB derives gNB Rx-Tx time difference considering the UL time synchronization reference point, based on physical time measurements taken at the gNB.


	Apple
	Proposal 4: For network verifying UE location, confirm the working assumption that gNB Rx-Tx time difference calculated at uplink time synchronization reference point is reported to the LMF. 


	NTT DOCOMO
	Proposal 1:
Confirm the working assumption about reference point of gNB receive-transmit time difference made in RAN1#113

	ETRI
	Proposal 3. Confirm the Working Assumption that gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF. 


	Lenovo
	Proposal 5: In NTN, the satellite node may be considered for the position of the reference point for definition of gNB Rx – Tx time difference measurement

	MediaTek
	Proposal 3: Confirm working assumption:
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.



Proposal 3-1
Proposal 3-1
Confirm the working assumption below:
Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

Companies are encouraged to provide views on Proposal 3-1 within the following table:
	Companies
	Comments and Views

	Apple
	Agree

	QC
	Agree

	Panasonic
	Support

	Huawei, HiSilicon
	OK

	Xiaomi 
	Fine

	ZTE
	Agree

	Ericsson
	We interpret the above working assumption as follows: The value of the gNB RX-TX time difference to be reported is “calculated” with respect to the uplink time sync reference point. This does not preclude that the actual physical measurement can be made at a different point e.g. at the gNB or the satellite. Therefore, we support the proposal with the following clarification text:

“Note: This does not preclude that the actual gNB receive-transmit time difference measurement can be made at a physical point different from the uplink time synchronization reference point”. 

	NTT DOCOMO
	Agree

	OPPO
	OK

	CATT
	OK

	TCL 
	Agree



Topic#4 Assistance information for Multi-RTT positioning with single Satellite
Background
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.

RAN1#113 made the following agreements:

Agreement
For network verified UE location in NTN, satellite ephemeris information should be available  at the LMF.

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

Companies’ contributions summary
On Topic#4, the companies made the following observations and proposals:

	Companies
	Proposals

	Thales
	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, 

Proposal 9: 
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 10: 
For multi-RTT based positioning in NTN, the following assistance data may be transferred from gNB to the LMF:
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed
Proposal 11: 
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 12: 
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 13: 
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 14: 
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.


	Huawei, HiSilicon
	Proposal 3: Instead of ephemeris, locations of the satellite associated with SRS reception should be transferred to the LMF. 
Proposal 4: Instead of reporting high-layer common TA parameters,  can be directly reported from gNB to the LMF and a differential manner for the reporting for multiple measurement occasions can be supported to further save signaling overhead and complexity.


	ZTE
	Proposal 5: Ephemeris report from gNB to LMF should be supported for location verification.
Proposal 6: No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported. 


	PANASONIC
	Proposal 1: For a single RTT measurement, the LMF is provided with:
· the satellite position for the time when the starting boundary of the subframe containing the PRS signal is received by the UE,
· the satellite position for the time when the starting boundary of the subframe containing the SRS signal is received by the satellite,
· the gNB Rx-Tx time difference  measured at the RP,
· the UE Rx-Tx time difference  measured at the UE,
· the TA-report based on the Timing Advance value valid at the time when the starting boundary of the subframe containing PRS is received, ,
· and the feeder-link delays corresponding the subframe boundaries of the PRS and SRS signals,  and .


	ETRI
	Proposal 4. The report of Kmac to LMF is not required.


	Ericsson
	Proposal 8	For network verified UE location in NTN, satellite ID can be included in the assistance information and the measurement reports transferred between UE, gNB, and LMF.


Proposal  4-1
Different necessary assistance information to be transferred from/to the UE/gNB to/from LMF has been proposed by different companies. 
The assistance information to be included to the measurement results that need be transferred from UE or gNB to the LMF and vice versa, is depending on the detailed design of the solution e.g. definition of reference point for receive-transmit time difference. But in it is clear that the measurement results transferred to the LMF should include at least the satellite position. 

Based on the above the following is made: 

Proposal 4-1
Ephemeris report from gNB to LMF should be supported for UE location verification.

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

	Apple
	Agree

	QC
	Agree

	Panasonic
	At this stage, it is premature to say whether or not LMF requires the ephemeris. In our view, LMF requires satellite positions and RTTs at corresponding positions and times for UE location verification. How this is achieved can be discussed once the RTT measurement mechanics of UE and gNB Rx-Tx time differences have been agreed.

	Huawei, HiSilicon
	We think locations associated with SRS reception, instead of ephemeris, should be transferred to the LMF to save the signaling overhead and complexity. 

	Xiaomi
	Fine

	ZTE
	Agree. This can be one approach to make ephemeris available at LMF. And this may have impact on NG-RAN signaling.

	Ericsson
	RAN3 is currently discussing the provision of ephemeris to LMF by OAM. This topic falls under the scope of RAN2/RAN3/SA5 and RAN1 should at least wait for the conclusion in RAN3 before further discussing it.

	NTT DOCOMO
	Agree

	OPPO
	OK

	CATT
	OK

	TCL
	Agree




Proposal  4-2
Proposal 4-2
No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported

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

	Apple
	Agree
We are not sure if other assistance information (besides ephemeris and common TA) will be discussed in this meeting after the definition of reference point for receive-transmit time difference is determined. 

	QC
	Agree

	Panasonic
	At this stage, it is premature to say whether or not LMF requires the common TA, since it depends which components RTT comprises.

	Huawei, HiSilicon
	Generally fine with it. Also, considering the following has been agreed:
Agreement
For network verified UE location in NTN common TA information should be reported at least from gNB to LMF. 

We could further move forward to determine which detailed information is reported as the common TA information: we think,  , instead of common TA parameters, should be reported. 

	Xiaomi
	Fine

	ZTE
	Agree. Report from gNB to LMF has already been agreed and it is enough.

	Ericsson
	OK

	NTT DOCOMO
	Agree

	OPPO
	OK

	CATT
	OK

	TCL
	OK




Topic#5 The granularity and the reporting range of Rx-Tx time difference 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.

The issue on the granularity and the reporting range of Rx-Tx time difference measurements in NTN was discussed in some contribution to RAN1#114. Obviously, this is dependent on the definition of Rx-Tx time difference in NTN. 

Companies’ contributions summary
Some contributions have discussed topic#5. The following are the inputs on this issue submitted to current meeting:  

	Companies
	Proposals

	Apple
	Proposal 2: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference measurement has value range [0ms, 541 ms] or [0,1,062,868,369∙T_c] and has resolution step larger than 32∙T_c (e.g., 256∙T_c).




FL Recommendation: 
The granularity and the reporting range of Rx-Tx time difference in NTN will be defined when the entire design is clearer: RAN1 to first agree on the definition of UE/gNB Rx-Tx time difference. 

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

	Apple
	Fine

	QC
	Agree

	Panasonic
	We agree with the moderator.

	Huawei, HiSilicon
	Fine with it. But to minimize the spec impact, the legacy granularity and the reporting range of Rx-Tx time difference in TN can be treated as the baseline for further discussion.

	Ericsson
	OK

	NTT DOCOMO
	Agree



Topic#6 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-230809]: Note 6 : The enhancements should take into account the mirror-image ambiguity.
RAN1#112 made the following agreement:

	Agreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning 
Other solutions are not precluded





Companies’ contributions summary
On Topic#6, the companies made the following observations and proposals:

	Companies
	Proposals

	Thales
	Proposal 15: 
The following solution are used to resolve the mirror positions ambiguity for multi-RTT positioning in NTN:
· Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· NR NTN UE should report the Doppler calculated on the service link
· a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning 


	ZTE
	Proposal 7: Mirror image ambiguity when single satellite is in view can be solved through implementation based on without spec impact.


	vivo
	Proposal 6:
· Mirror position ambiguity issue in NTN UE location verification can be solved by gNB implementation, and no spec. impact is expected.


	LG Electronics
	Proposal #4: Support option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  


	Ericsson
	Proposal 11	RAN1 to support 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.

	Nokia, Nokia Shanghai Bell
	Proposal 7: RAN1 to ask RAN3/RAN2 for guidance on which entity configures the measurements needed for resolving the mirror point ambiguity.
Proposal 8: RAN1 to study how to reduce the signalling overhead for the reporting of neighbor signal level relationships.


	Apple
	Proposal 8: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring the direction of uplink signals. This direction information is reported from gNB to LMF.  

	Sharp
	Observation 1: UL-AoA may not be available at every single satellite.
Observation 2: The existing NR ECID method supports UE measurements including SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ, which can be used to resolve the mirror position ambiguity at the LMF.
Proposal 2: The NTN UE capable of Rel-18 Network verified location should support NR ECID method as well as multi-RTT positioning. It is up to gNB or LMF if NR ECID method is used for solving the mirror position ambiguity

	NTT DOCOMO
	Proposal 5: 
To resolve the mirror positions ambiguity for multi-RTT positioning, support Option 1.
· Option 1: gNB or LMF implementation to solve the mirror error issue


	Oppo
	Proposal 2: the existing ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  


	ETRI
	Proposal 5. Support Options 1, 2, and 5 above, i.e., gNB or LMF implementation to solve the mirror error issue with some spec impact


	Lenevo
	Proposal 8: RAN1 to further study whether uplink angle of arrival resolution is sufficient to resolve mirror ambiguity in time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite.
Proposal 9: Support option 1 or option 2, for solving the mirror error issue. FFS some additional signalling enhancements such as indication of beam location or coverage area may be required by gNB or LMF.


	TCL
	Proposal 3: 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.
Proposal 4: Discuss whether reporting by the UE an additional information, such as such the satellite ephemeris parameters and/or positioning signal angular information by UE to a network along with a beam/cell identity related measurements could be useful for resolving the ambiguity issue. 
Proposal 5: RAN1 Discuss the potential spec changes associated with option 1 and option 2 for resolving the mirror image ambiguity.
Proposal 6: RAN1 synchronize the progress on the issues related to resolving the mirror image ambiguity and addressing the measurements error for time-based positioning methods.


	MediaTek Inc.
	Proposal 4: RAN1 adopt Option 2: “Reuse existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions)” as baseline



Proposal  6-1
Several companies expressed views on issue#6. It seems the majority prefers to not introduce new enhancements to resolve the issue. Given, the limited remaining TU. We need to focus the effort on Topic#1, #2, #3 and #4. Adopting Option 1 and option 2 could be a reasonable way forward.  

Proposal 6-1
To resolve the mirror positions ambiguity for multi-RTT positioning support option 1 ( by gNB or LMF implementation) or option 2 (Reuse existing ECID method) as baseline without specification impact 

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

	Apple
	Agree on Option 1 in principle, and fine with Option 2. 

For Option 1, we think no specification impact on the interface between UE and gNB. But the interface between gNB and LMF is possible, e.g., gNB reports to LMF the direction of signal arrival from UE. If a clarification note is added to the proposal, i.e., “Note: this does not preclude the specification impact on the interface between gNB and LMF”, then we are fine with the proposal. 

	Panasonic
	Support

	ZTE
	Agree. No spec impact is expected due to limited time. And this may be a conclusion instead of an agreement since no spec impact expected.

	Ericsson
	It is fine to focus on methods without spec impact due to time constraint. In the same spirit, we propose adding “Option 6 (UL-AoA without spec impact)” to the proposal 6-1 as well. Otherwise, this proposal is not needed as there is no spec impact anyways.

	NTT DOCOMO
	Agree in general. In our understanding, option 2 without specification impact can be regarded as option 1 as well. 



[bookmark: _Toc102489800]Updated Proposals based on offline session on day 3


	
Proposal 1-3-Rev3: 

The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 

· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· Either DL Doppler over the service link or the DL timing drift of the DL slot associated with the UE RX-TX time difference is reported



	Proposal 1-4: TA report with finer granularity is supported 


	Proposal 3-1
Confirm the working assumption below:
Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

Proposal 4-1
Ephemeris report from gNB to LMF should be supported for UE location verification.

Proposal 4-2
No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported

Proposal 6-1
To resolve the mirror positions ambiguity for multi-RTT positioning support option 1 ( by gNB or LMF implementation) or option 2 (Reuse existing ECID method) as baseline without specification impact.





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

	Ericsson
	1-3rev3: OK.

1-4: Not support. TA reported has questionable trustworthiness.
 
3-1: OK if the following clarification note is added:
“Note: This does not preclude that the actual gNB receive-transmit time difference measurement can be made at a physical point different from the uplink time synchronization reference point”.

4-1: RAN3 is currently discussing the provision of ephemeris to LMF by OAM, which obviates the need of providing ephemeris to LMF via gNB. This topic falls under the scope of RAN2/RAN3/SA5 and RAN1 should at least wait for the conclusion in RAN3 before further discussing it.

4-2: OK but not sure why we need to make this agreement.

6-1: It is fine to focus on methods without spec impact due to time constraint. In the same spirit, “Option 6 (UL-AoA without spec impact)” should be added to the proposal 6-1 as well. Otherwise, this proposal is not needed as there is no spec impact anyways.

	LG Electronics
	1-3rev3: OK.

1-4: Not support. Agree with Ericsson that whether reported TA is trustful or not is still controversial.
 
3-1: Support

4-1: OK

4-2: OK.

6-1: Support

	NTT DOCOMO
	1-3rev3: OK.

1-4: Not support. Seems clear that lots of companies are opposed TA report, no need to spend time on discussing it. 

Support other proposals. 



Proposals for online session on day 4


	
Proposal 1-3-Rev3: 

The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 

· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· Either DL Doppler over the service link or the DL timing drift of the DL slot associated with the UE RX-TX time difference is reported



	Proposal 1-4: TA report to LMF with finer granularity is supported 


	Proposal 3-1
Confirm the working assumption with the additional note below:
Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.
Note: This does not preclude that the actual gNB receive-transmit time difference measurement can be made at a physical point different from the uplink time synchronization reference point

Proposal 4-1
Ephemeris report from gNB to LMF should be supported for UE location verification.

Proposal 4-2
Conclusion
No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported

Proposal 6-1
To resolve the mirror positions ambiguity for multi-RTT positioning support option 1 ( by gNB or LMF implementation) or option 2 (Reuse existing ECID method) or Option 6 (UL-AoA without spec impact) as baseline without RAN1 specification impact.




The following agreements were made on day 4 of the meeting:

Agreement
The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on the following: 
· UE reports the actual index difference between subframe j and subframe i 
· The uplink subframe j is closest in time to the DL subframe #i received from the TP 
· The DL timing drift due to Doppler over the service link associated with the UE RX-TX time difference measurement period is reported




Agreement
Confirm the working assumption with the additional note below:

Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.
Note: This does not imply that the actual gNB receive-transmit time difference measurement can beis necessarily made at a physical point different from the uplink time synchronization reference point


Conclusion
No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported.

Conclusion
To resolve the mirror positions ambiguity for multi-RTT positioning, the following methods can be used without RAN1 specification impact from RAN1 perspective:
· by gNB or LMF implementation
· existing ECID method
· UL-AoA


Proposal for online session on day 5

Proposal

Ephemeris report from gNB to LMF indicating real time satellite position and velocity should be supported for UE location verification.

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

	R1-2306404
	THALES
	Proposal 1: 
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.

Proposal 2:
For RTT determination in NTN, with the combination of UE and gNB receive-transmit time difference measurements based on Alt1, the timing drift during   should be taken into account.
corresponds to the duration between the time of the reception of the PRS used for UE Rx-Tx time difference measurement at the UE and the time the SRS used for gNB Rx-Tx time difference measurement is transmitted.
Thereby, the RTT could be calculated as:

Where; 
And the UE should report the  and 

Proposal 3:
In NTN, for uplink timing measurements (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) and for uplink received power measurements (e.g. UL SRS reference signal received power), the reference point is within NTN payload RF. i.e. It should be defined as follows:

For reception :
· 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 transmission:
· 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

Proposal 4:
Conclusion: The reference point for gNB transmit-receive timing measurement and the reference point for the calculated gNB_(Rx-Tx) used in the RTT determination do not need to be the same.

Proposal 5: 
For RTT determination in NTN, the gNB receive-transmit time difference at the uplink time synchronization reference point (UTSRP) should be known to the LMF.

Proposal 6: 
RAN1 to discuss the definition of the reference point uplink timing measurements (gNB Rx – Tx time difference, UL Relative Time of Arrival and Timing advance) and for uplink received power measurements (e.g. UL SRS reference signal received power) as a left over from Release-17 (to update TS 38.215). This essential correction should be discussed as part of Release-17 maintenance.  

Proposal 7:
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 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, 

Proposal 9: 
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 10: 
For multi-RTT based positioning in NTN, the following assistance data may be transferred from gNB to the LMF:
1. The value of TACommon when the gNB Rx – Tx time difference measurement is performed
Proposal 11: 
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 12: 
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 13: 
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 14: 
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 15: 
The following solution are used to resolve the mirror positions ambiguity for multi-RTT positioning in NTN:
· Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· NR NTN UE should report the Doppler calculated on the service link
· a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioning 


	R1-2306487
	Huawei, HiSilicon
	Observation 1: Impact of UE autonomous adjustment of TA on positioning accuracy is tolerable, if the reception time of PRS and the transmission time of SRS at UE is within 160ms time duration. 
Observation 2: There is no requirement for coupling relationship between subframes containing PRS and SRS, and thus both UE Rx-Tx time difference and gNB Rx-Tx time difference can be derived from multiple RSs, as long as they are in the certain time window, e.g., 160 ms, for measurement. 
Observation 3: Compared with transferring ephemeris, transferring satellite locations at SRS reception to the LMF requires less complexity and signaling overhead. 

Proposal 1: Since the impact of UE autonomous adjustment of TA on positioning is tolerable, the TA difference report can be optionally reported if higher positioning accuracy is desired. 
Proposal 2: In order to figure out RTT between UE and uplink time synchronization reference point (UTSRP) at LMF: 
· UE Rx-Tx time difference is reported via an offset, which is determined from real UE Rx-Tx time difference by rounding the time difference between the transmit timing of uplink subframe # and receive timing of downlink subframe # to the nearest integer value in the unit of milliseconds, and the remaining UE Rx-Tx time difference, which can fit the reporting range in current specification with resolution step ,
· gNB Rx-Tx time difference is reported via keeping the current gNB Rx-Tx time difference.
Proposal 3: Instead of ephemeris, locations of the satellite associated with SRS reception should be transferred to the LMF. 
Proposal 4: Instead of reporting high-layer common TA parameters,  can be directly reported from gNB to the LMF and a differential manner for the reporting for multiple measurement occasions can be supported to further save signaling overhead and complexity.
Proposal 5: A new RRC parameter is introduced for gNB to request UE to indicate its capability of UE location verification, e.g., ue-CapabiltiyRequestLocationVerification-r18, and a new RRC parameter is needed at UE for indicating whether it supports the feature of location verification or not, e.g., ue-CapabilityLocationVerification-r18.


	R1-2306564
	ZTE
	Observation 1: The combination of legacy UE Rx-Tx time difference and an integer offset in option 3 is not equivalent to the time difference between UL subframe #i and DL subframe #i defined in option 1 due to the impact of timing drift.
Proposal 1: Option 1 of UE Rx-Tx time difference should be selected for Alt-1 due to its higher accuracy.
Proposal 2: To consider the impact on Alt1 of the timing drift between the time DL-PRS is received and the time SRS is transmitted, select following option for low signaling overhead and specification effort:
•	Option 1: UE transmits SRS within a duration shorter than 160 ms of at least one DL PRS resource
Proposal 3: For option 1, the maximum duration between SRS and PRS can be set as 10ms. That is, UE transmits SRS within [-10, 10] ms of at least one DL PRS resource.
Proposal 4: Confirm the working assumption below:
	Working assumption
In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.


Proposal 5: Ephemeris report from gNB to LMF should be supported for location verification.
Proposal 6: No need to support common TA information report from UE to LMF with consideration that common TA information report from gNB has been agreed supported. 
Proposal 7: Mirror image ambiguity when single satellite is in view can be solved through implementation based on without spec impact.


	R1-2306766
	vivo
	Observations 1 to 2:
· For supporting Multi-RTT method in NTN, the maximum RTT of NTN determines the range of UE Rx-Tx time difference.
· 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.
Proposals 1 to 6:
· Confirm the working assumption to take uplink time synchronization reference point as the position of the reference point for definition of gNB Rx-Tx time difference.
· Take signaling method of option 1 for UE Rx-Tx time difference determination.
· For supporting Multi-RTT method in NTN, RAN1 to discuss the necessary updates to each measurement report triggering method in TN, and an LS should be sent to RAN2 based on the discussions.
· 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 supported.
· For supporting Multi-RTT method in NTN, apply a reduced time window for SRS transmissions corresponding to each PRS reception, and report additional TA related information associated to each measurement from UE to LMF to mitigate the uplink timing error.
· Mirror position ambiguity issue in NTN UE location verification can be solved by gNB implementation, and no spec. impact is expected.


	R1-2306793
	PANASONIC
	Observation 1: The performance of Alt-1 and Alt-3 are identical if PRS and SRS signals are transmitted and received at the same time (Delta_SRS_PRS=0s).

Observation 2: For Alt-1, the larger the separation between SRS and PRS, the larger the positioning error is. If the separation between SRS and PRS signals is set between 0 and 40ms, the error limit of 10 km will be exceeded in between 1 in 1000 and 1 in 10000 cases for both Alt-1 and Alt-3.

Proposal 1: For a single RTT measurement, the LMF is provided with:
· the satellite position for the time when the starting boundary of the subframe containing the PRS signal is received by the UE,
· the satellite position for the time when the starting boundary of the subframe containing the SRS signal is received by the satellite,
· the gNB Rx-Tx time difference  measured at the RP,
· the UE Rx-Tx time difference  measured at the UE,
· the TA-report based on the Timing Advance value valid at the time when the starting boundary of the subframe containing PRS is received, ,
· and the feeder-link delays corresponding the subframe boundaries of the PRS and SRS signals,  and .

Proposal 2: LMF computes the RTT between satellite and UE as 


Proposal 3: LMF bases the localization of a UE on N RTT measurements by solving a system of equations of the form 


Proposal 4: Confirm the working assumption on reference point of gNB Rx-Tx time difference, i.e., in NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

Proposal 5: Adopt Alt-1 and reuse the gNB and UE Rx-Tx time difference definitions in TS 38.133 for NTN.


	R1-2306893
	LG Electronics
	Proposal #1: Confirm following working assumption 
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF
Proposal #2: For combination of UE and gNB Rx-Tx time difference measurement, support Alt-1 (UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215). 
Proposal #3: Support UE to report information related to timing error or delay to LMF. 
Proposal #4: Support option 1 (based on gNB or LMF implementation) for resolving mirror positions ambiguity in single satellite based multi-RTT positioning.  


	R1-2306919
	Sony
	Proposal 1: For UE RX-TX time difference measurement, RAN1 downselects between option 3-1 and option 3-2.
Proposal 2: The UE does not perform TA compensation during the time period of an RTT measurement procedure for NTN location verification.

	R1-2306949
	Ericsson
	Observation 1	Options 1 and 3-1 are based on similar principles but Option 3-1 may require a new physical layer measurement to be defined, resulting in a higher specification effort.
Observation 2	The Rel-17 UE RX-TX time difference range is limited and can only report the fractional value of the timing advance applied by an NTN UE.
Observation 3	The fractional part of the enhanced UE RX-TX time difference can be reported using the same range and granularity as that of Rel-17 UE RX-TX time difference, whereas the integer part by using an additional parameter with a granularity of 1 msec.
Observation 4	As the maximum RTT for LEO is 41.77 ms, the integer part of the enhanced UE RX-TX time difference can be represented by using a 6-bit parameter with a 1 ms granularity.
Observation 5	As the maximum RTT for GEO is 541.46 ms, the integer part of the enhanced UE RX-TX time difference can be represented by using a 10-bit parameter with a 1 ms granularity.
Observation 6	The timing error due to RTT variation during the window starting from DL-PRS reception at the UE until UL-SRS reception at the gNB cannot be neglected in multi-RTT calculation.
Observation 7	NTN UE can pre-calculate the RTT values for future time instances.
Observation 8	If a UE can pre-compensate for the timing error due to timing drift in the reported UE RX-TX time difference measurement, the legacy SRS scheduling window [-160 ms, 160 ms] need not be reduced.
Observation 9	The UL and DL frame timing is already aligned at the UL time synchronization reference point (except for ) but the physical gNB RX-TX time difference reference point and the UL time synchronization reference point may be different.
Observation 10	The reference point for the gNB RX-TX time difference measurement is the physical
point (i.e., TRP) where the measurement can be performed.
Observation 11	The reference points for the actual gNB RX-TX time difference measurement and the uplink time synchronization will possibly be different.
Observation 12	With Option 1, the uplink/downlink frame timing will be misaligned at the physical gNB RX-TX reference point (i.e., satellite) by an additional amount given by the common TA.
Observation 13	With Option 3, the uplink/downlink frame timing will be misaligned at the physical gNB RX-TX reference point (i.e., gNB) by an additional amount given by the RTT between the uplink time synchronization reference point and the gNB (which may not necessarily equal ).
Observation 14	For both Options 1 and 3, a timing offset needs to be included in the gNB RX-TX time difference reported to the LMF.
Observation 15	Network may choose which of the options to configure for the physical reference point of the gNB RX-TX measurement multi-RTT measurement.
Observation 16	UL-AoA measurement can be performed at the satellite antenna with a transparent NTN payload.

Based on the discussion in the previous sections we propose the following:

Proposal 1	Enhance the legacy UE RX-TX time difference measurement for NR NTN based on Option 1.
Proposal 2	Enhance the UE RX-TX time difference report by including an N-bit integer parameter unit: msec) in the report to indicate the integer part of the enhanced UE RX-TX time difference measurement (e.g., N=6 for LEO and N=10 for GEO), while using the legacy UE RX-TX parameter to report the fractional part of the enhanced UE RX-TX time difference measurement.
Proposal 3	NTN UE to pre-compensate for the timing error due to timing drift in the reported UE RX-TX time difference measurement if enabled by the network. RAN4 can discuss the accuracy requirements for such pre-compensation if needed.
Proposal 4	UE shall pre-compensate for the timing error due to autonomous TA adjustment in the reported UE RX-TX time difference measurement if configured by the network. RAN4 can discuss the accuracy requirements for such pre-compensation if needed.
Proposal 5	If a UE cannot pre-compensate for the timing error due to autonomous TA update in the reported UE RX-TX time difference measurement, the UE shall report its uncompensated autonomous TA adjustment value to the LMF/gNB if configured by the network.
Proposal 6	Enhance the legacy definition for the gNB RX-TX time difference measurement for NR NTN by enabling the gNB to account for the “RTT difference between the physical gNB RX-TX reference point and the uplink time synchronization reference point” in the gNB RX-TX time difference measurement reported to LMF.
Proposal 7	In NTN, the gNB receive-transmit time difference calculated at the uplink time synchronization reference point is reported to the LMF but it is up to the network where the actual measurement is performed (e.g., onboard the satellite, on the gNB or at the uplink time synchronization reference point).
Proposal 8	For network verified UE location in NTN, satellite ID can be included in the assistance information and the measurement reports transferred between UE, gNB, and LMF.
Proposal 9	For network verified UE location in NTN, UE to indicate its capability to perform direct pre-compensation for A) timing drift and B) autonomous timing adjustment in the reported UE RX-TX time difference measurement. The LMF may configure the UE behavior for direct pre-compensation based on the capability reported by the UE.
Proposal 10	For network verified UE location in NTN, LMF may require a UE to report information about autonomous timing adjustment to LMF.
Proposal 11	RAN1 to support 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.


	R1-2307103
	CATT
	Observation 1: The impact of high speed motion of LEO satellite cannot be ignored in Rx-Tx time difference measuring in NTN scenario. 
Observation 2: The impact of UE autonomous TA adjustment in the process of Rx-Tx time difference measuring cannot be ignored. 

Proposal 1: For Alt-1, the △TA is not measured by signals, and the additional error should be involved and reported in RTT calculation.
Proposal 2: Autonomous TA adjustment on the UE Rx-Tx time difference calculation should be taken into account, or report the value of autonomous adjusting TA to LMF

	R1-2307246
	Nokia, Nokia Shanghai Bell
	Observation 1: Satellites with transparent payloads cannot conduct 3GPP protocol functionalities.
Observation 2: Defining the measurement point for TgnB-Rx and TgNB-Tx at the SAN is not feasible for transparent architectures which has been the reference architecture for discussions since Release 17.
Observation 3: Based on physical measurements taken by the gNB, the gNB derives the gNB Rx-Tx time difference. The latter is used by the LMF to infer the RTT between the UE and the satellite access point.
Observation 4: the reported offset in Option 3 should consider enough granularity to meet the positioning requirements, while it avoids reporting a large number of bits.
Observation 5: Considering the lack of common agreement, Alternative-1 shows the best compromise between accuracy, signalling and specification effort.
Observation 6: The accuracy of the UE location estimation depends on the time difference reporting range. 
Observation 7: In NTN, the current UE Rx-Tx time difference reporting range is insufficient to resolve multiple possibilities of UL slot offset.
Observation 8: The network does not know when the UE autonomously adjusts the TA.
Observation 9: During multi-RTT measurements, any TA adjustment may lead to lower accuracy.
Observation 10: Neighbor cells measurements can solve the mirror-point ambiguity.
Observation 11: The benefit of using multiple satellites is that the required time for determining the UE position decreases significantly.
Observation 12: The estimation accuracy and the execution time of the UE location verification procedure may depend on the radio channel conditions.
Observation 13: 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 decide that the gNB derives gNB Rx-Tx time difference considering the UL time synchronization reference point, based on physical time measurements taken at the gNB.
Proposal 2: For RTT determination in NTN, RAN1 to adopt legacy definitions of UE and gNB Rx-Tx time difference as in TS 38.215 plus the reporting of an offset with slot granularity that avoids reporting a large number of bits.
Proposal 3: RAN1 to discuss how to maintain the accuracy of the UE location estimation without significantly increasing the reporting ranges.
Proposal 4: RAN1 to discuss means for gNB/LMF to know whether the UE has adjusted the TA value.
Proposal 5: The UE Rx-Tx difference is compensated for the Koffset value before reporting it to the LMF.
Proposal 6: The slot offset between DL and UL slot is reduced by Koffset prior to being reported to the LMF to reduce the additional overhead of reporting.
Proposal 7: RAN1 to ask RAN3/RAN2 for guidance on which entity configures the measurements needed for resolving the mirror point ambiguity.
Proposal 8: RAN1 to study how to reduce the signalling overhead for the reporting of neighbor signal level relationships.
Proposal 9: RAN1 to discuss the need and way to specify NTN specific assistance information for UE location determination with multiple satellites.
Proposal 10: RAN1 to discuss mitigation techniques for poor radio propagation conditions.


	R1-2307294
	Apple
	Proposal 1: For network verifying UE location, adopt UE Rx-Tx time difference definition based on Option 1, i.e., 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.

Proposal 2: For network verifying UE location with the definition of UE Rx-Tx time difference following Option 1, the reported UE Rx-Tx time difference measurement has value range [0ms, 541 ms] or [] and has resolution step larger than  (e.g., ).

Proposal 3: For network verifying UE location, UE transmits SRS within a duration shorter than 160 ms (e.g., 2 ms) of at least one DL PRS resource, to address the positioning error due to large timing drift rate and satellite movement in NTN. 

Proposal 4: For network verifying UE location, confirm the working assumption that gNB Rx-Tx time difference calculated at uplink time synchronization reference point is reported to the LMF. 

Proposal 5: For network verifying UE location with the definition of gNB Rx-Tx time difference following Alt 1, the reported gNB Rx-Tx time difference measurement has the same value range as in terrestrial network.

Proposal 6: The network verifying UE location procedure is not applied to a UE near satellite orbit region. 
· Further examine whether or not this decision is transparent to UE. 

Proposal 7: For network verifying UE location using multi-RTT method, gNB reports to LMF the timing of PRS transmission and the timing of SRS reception at satellite. 

Proposal 8: For network verifying UE location using multi-RTT method, the mirror-image ambiguity issue is addressed by gNB implementation of measuring the direction of uplink signals. This direction information is reported from gNB to LMF.  

	R1-2307400
	xiaomi
	Proposal 1: The legacy R17 definition of UE Rx-Tx time difference and gNB Rx-Tx time difference is adopted for NTN
Proposal 2: The time stamp can be reported along with the UE Rx-Tx time difference and gNB Rx-Tx time difference to the LMF to derive the actual time difference between the PRS and SRS.
Proposal 3: The UE can report its timing drift rate along with the reported Rx_Tx timing difference to LMF.

Proposal 4: For RTT determination in NTN, alt 3 can be supported. 


	R1-2307432
	Sharp
	Proposal 1: UE Rx-Tx time difference report includes 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
Observation 1: UL-AoA may not be available at every single satellite.
Observation 2: The existing NR ECID method supports UE measurements including SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ, which can be used to resolve the mirror position ambiguity at the LMF.
Proposal 2: The NTN UE capable of Rel-18 Network verified location should support NR ECID method as well as multi-RTT positioning. It is up to gNB or LMF if NR ECID method is used for solving the mirror position ambiguity.


	R1-2307487
	NTT DOCOMO, INC.
	Proposal 1:
Confirm the working assumption about reference point of gNB receive-transmit time difference made in RAN1#113.
Proposal 2:
Regarding Alt-1 for the combination of UE and gNB receive-transmit time difference measurements, support option 3-1 or option 3-2 for UE Rx-Tx time difference.
Proposal 3:
Regarding the timing drift issue for UE Rx-Tx time difference, UE additionally reports a time offset to LMF to compensate the timing drift.  
Observation 1: 
For network verification of UE location in NR NTN based on time-based positioning methods, the impact on the movement of satellite in a single measurement would be non-negligible.
Proposal 4: 
For network verification of UE location in NR NTN based on time-based positioning methods, UE reports to gNB additional timing information, i.e., the timing information of satellite transmitting the reference signals.
Proposal 5: 
To resolve the mirror positions ambiguity for multi-RTT positioning, support Option 1.
· Option 1: gNB or LMF implementation to solve the mirror error issue


	R1-2307544
	OPPO
	Observation 1: Assumption 1 has huge spec impact but has relative lower signaling overhead, while assumption 2 has simple spec impact but relatively higher signaling overhead.
Observation 2: 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 3: 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 4: 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: RAN1 to adopt assumption 2, i.e. RTT = UE Rx-Tx + gNB Rx-Tx +delta
· UE Rx-Tx: follow TS 38.215
· gNB Rx-Tx: follow TS 38.215
· delta is derived from 
· UE->LMF: Common TA,  offset between TUE_Tx and SRS transmit time
· gNB->LMF:K_mac
Proposal 2: the exisiting ECID method or LMF implementation can already be used to remove the mirror-image ambiguity, no further RAN1 enhancement seems necessary.  


	R1-2307694
	Samsung
	Observation 1: Reducing 160 ms requirement for transmitting SRS to 10 ms or 20 ms will impose unnecessary scheduling constraints on network.
Observation 2 : Reporting the total value of the Offset part needs the range of -315207680Tc to 315207680Tc  and is not efficient in terms of signaling overhead.
Observation 3: Reporting the total aggregate value of all TA adjustment updates needs the range of -15760Tc to 15760Tc and is efficient in terms of signaling overhead.
Proposal 1: UE reports to LMF the aggregate value of all autonomous TA adjustment udpdates and all TA adjustment updates due to TAC received from the gNB, that the UE has applied between the following: 1) receiving PRS in DL and 2) transmitting SRS in UL.
Proposal 2: For multiple PRS and multiple SRS, UE reports the aggregate value of all autonomous TA adjustment updates and all TA adjustment updates due to TAC for the regions between two neighboring PRS and/or SRS resources.
Proposal 3:  For gNB Rx-Tx time difference in NTN, gNB reports the gNB Rx-Tx time difference as it is defined in TS 38.215.


	R1-2307751
	ETRI
	Proposal 1. For UE Rx-Tx time difference, the UE reports 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.
Proposal 2. The duration between SRS and PRS is set less than 160 ms and the timing drift is compensated by the UE.
Proposal 3. Confirm the Working Assumption that gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF. 
Proposal 4. The report of Kmac to LMF is not required.
Proposal 5. Support Options 1, 2, and 5 above, i.e., gNB or LMF implementation to solve the mirror error issue with some spec impact


	R1-2307837
	Lenovo
	Observation 1: If gNB is considered as the reference point for definition of gNB Rx – Tx time difference measurement for transparent payload, this may require signalling enhancements between NG-RAN node and LMF.
Observation 2: Polarization indication signalling is not supported for reference signal used in positioning.
Observation 3: A polarization mismatch may decrease the positioning accuracy and/or increase the latency.
Observation 4: The mirror ambiguity would result in two positioning estimates of the target UE.
Observation 5: Mirror ambiguity may be resolved by implementation, but it may require some additional signalling information in the Multi-RTT positioning framework.
Observation 6: Knowledge of positioning beam identity or uplink angle of arrival may be sufficient to resolve mirror ambiguity.
The corresponding proposals are summarized as follows:
Proposal 1: RAN1 to study low latency signalling enhancements to support Multi-RTT positioning with single satellite.
Proposal 2: RAN1 to identify the measurement configuration and reporting enhancements needed for low latency Multi-RTT method with single satellite for both uplink and downlink reference signals.
Proposal 3: The gNB Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., gNB Rx-Tx time difference indicates the actual time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS at a reference point.
Proposal 4: The UE Rx-Tx time difference definition for Multi-RTT for NTN systems may be modified according to Alt-3, i.e., UE Rx-Tx time difference indicates the actual time difference between the arrival time of a DL PRS for positioning and the transmit time of an SRS.
Proposal 5: In NTN, the satellite node may be considered for the position of the reference point for definition of gNB Rx – Tx time difference measurement.
Proposal 6: Support an indication of polarization to be used for uplink and downlink reference signals for positioning.
Proposal 7: Support a signalling mechanism to indicate the UE capability to support a polarization type for positioning.
Proposal 8: RAN1 to further study whether uplink angle of arrival resolution is sufficient to resolve mirror ambiguity in time-based positioning methods such as Multi-RTT and DL/UL-TDOA with a single satellite.
Proposal 9: Support option 1 or option 2, for solving the mirror error issue. FFS some additional signalling enhancements such as indication of beam location or coverage area may be required by gNB or LMF.
Proposal 10: Send a LS to SA1 and SA2 to clarify about the verification procedure for UEs that are located under the orbital plane of a satellite and have a single satellite in view.  


	R1-2307875
	TCL
	Observation 1: Time-based positioning methods cannot guarantee the targeted positioning accuracy of 5-10km under the considerations of timing differences measurement error and the mirror-image ambiguity issues. 
To address the above we propose to :
Proposal 1: Discuss the solutions to mitigate the timing measurements error the synchronization error and/or the clock drift between the UE and satellite for time-based measurement positioning methods.
Proposal 2: To mitigate the timing measurements error, the definition of UE and gNB receive-transmit time difference should be updated to considers either UE adjustment of timing advance (TA) of the measurement or to considerL1 based correction of the measured time difference.
Proposal 3: 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.
Proposal 4: Discuss whether reporting by the UE an additional information, such as such the satellite ephemeris parameters and/or positioning signal angular information by UE to a network along with a beam/cell identity related measurements could be useful for resolving the ambiguity issue. 
Proposal 5: RAN1 Discuss the potential spec changes associated with option 1 and option 2 for resolving the mirror image ambiguity.
Proposal 6: RAN1 synchronize the progress on the issues related to resolving the mirror image ambiguity and addressing the measurements error for time-based positioning methods.


	R1-2307943
	Qualcomm Incorporated
	Observation 1: For Option 1 of the definition of UE RX-TX time difference
· If the measurement is not tied to an SRS transmission, the measurement error can be up to 944 ns for 15 KHz SCS according to the existing UL transmit timing requirements.
· If the measurement is tied to an SRS transmission, there exists an error that depends on UE GNSS accuracy. 

 
Observation 2:  Option 3 of UE RX-TX time difference is not suitable for RTT measurement unless the slot durations at UE are known to the LMF. 

Observation 3: For the accuracy of the Doppler for RTT calculation in NTN, if the time gap between the associated UE RX-TX time difference and gNB RX-TX time difference is less than 200 ms, existing requirement for  UL transmit frequency error (0.1 ppm) is sufficient. 


Proposal 1: For RTT determination in NTN, supports the legacy gNB RX-TX time difference with the following change
·  The start of the uplink subframe #i is determined by the received SRS resource that starts within the subframe. 
· Note: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS.


Proposal 2: For RTT determination in NTN, legacy UE RX-TX time difference is reported together with the following:
· Time stamps of the DL slot number and UL slot number of the UE RX-TX time difference
· The DL Doppler of the DL slot associated with the UE RX-TX time difference.

Proposal 3. For UE and gNB RX-TX measurements in NTN, the time of the beginning of a subframe is determined by assuming zero Doppler for symbols before the DL-RS or SRS for positioning in the subframe.

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


	R1-2308051
	MediaTek Inc.
	Details of Alt 1 UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference:
Observation 1: if the network can configure UL SRS to be transmitted at the time the DL PRS is received at the device, the gap between DL PRS and UL SRS can be close to 0 ms.

Proposal 1: For Option 3, knowing the UE-specific TA from TA report based on Option 3-3, the network can link / pair the configuration of UL SRS and DL PRS so that the UL SRS is transmitted at the time the DL PRS is received at the device.

Observation 2: if the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort, scheduling of DL PRS by the network and measurements in the device can be avoided all together.

Proposal 2: For Option 3, the network report the UE-specific TA using the legacy UE Rx–Tx time difference measurement report without any further specification effort. 

Observation 3: The accuracy of the timing advance TTA has no significant impact on the accuracy of the UE Rx-Tx time difference directly derived from the timing advance TTA or determined from DL PRS measurements.
Observation 4: The accuracy of the UE Rx – Tx time difference = TUE-RX – TUE-TX report directly derived from TTA can be within 20 Tc, or about 10 ns. 

Reference point for the network-based UE location verification:
Proposal 3: Confirm working assumption:
· In NTN, gNB receive-transmit time difference calculated at uplink time synchronization reference point is reported to the LMF.

Mirror positions ambiguity for multi-RTT positioning:
Proposal 4: RAN1 adopt Option 2: “Reuse existing ECID method (e.g. combine UE neighbour measurements to solve the ambiguity between mirror positions)” as baseline. 
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